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ARTICLE

Maternal Exposure to Magnetic Fields
During Pregnancy in Relation to the Risk

of Asthma in Offspring

De-Kun Li, MD, PhD, Hong Chen, MPH; Roxana Odouli, MSPH

Objective: To determine whether inaternal exposure to
high levels of magnetic ficlds {MFs) during pregnancy
is associated with the risk of asthma in offspring.

Design: A prospective cohort study.
Setting: Kuiser Permanente Northern Calilornia.

Participants: Pregnant Kaiser Permanente Northern
California memmbers in the San Francisco area.

Main Outcome Measures: Asthima was clinically di-
agnosed among 626 children who were followed up lor
as long as 13 vears, All participants carried a meter 10
measure their MF levels during pregnancy,

Results: After adjustment for potential confounders, a
statistically significant lincar dose-response relation-
ship was observed between increasing maternal median
daily MF exposure level in pregnancy and an increased
risk of asthma in offspring: every 1-mG increase of ma-
ternal MF level during pregnancy was associated with a

2

15% increased vate of asthma in offspring {adjusted haz-
ard ratio [aHR], 1.15: 95% confidence interval [Cl], 1.04-
1.27}. Using the categorical MF level, the results showed
a similar dose-response relationship: compared with the
children whose mothers had a low MF level (median 24-
hour MF level, =0.3 mG) during pregnancy, children
whose mothers had a high MF level (2.0 mG) had more
than a 3.5-fold increased rate of asthma (aHR. 3.52;95%
Cl, 1.68-7.35), while children whose mothers had a me-
dium MF level (>>0.3-2.0 mG') had a 74% increased rate
of asthma (aHR, 1.74; 95% CI. 0.93-3.25}. A statisti-
cally significans synergistic interaction was observed be-
tween the MF effect and a maternal history of asthnia and
birth order {firsthorn).

Conclusion: Our hindings provide new epidemiologi-
cal evidence that high maternal MF levels in pregnancy
tnay increase the risk of asthna in offspring.

Arch Pediatr Adolesc Med.
Published onlme August 1, 2011,
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STHMA 15 THE MOST COM-
mon chrenic condition
among children, Approxi-
mately 13% ol children
younger than 18 years (9.4

immune systemn and lungs and thus have
an impact on the risk of asthma in off-
spring.” Among the limited rescarch,
chemical exposures have represented
much of the focus, while the potential of
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million children in the United States) have
asthma.' Based on reports from the Cen-
ters [or Disease Control and Prevention,
asthmu is a leading cause of hospitaliza-
tion and emergency department visits for
children younger than 18 years in the United
States, with staggering annual costs of more
than $30 billion (hup:/www.cde.gov
MealthyYouwrh/asthima).! The prevalence of
asthma has heen sieadily rising during the
last several decades, with an increase ol
about 74% from 1980 o 1996. While not
ruling out genetic susceptibility, such a secu-
lar increase indicates the presence of im-
portant environmental risk factors that re-
main clusive.

Environmental exposures during preg-
nancy could affect fetal development of the

environmental physical exposures has
rarely been examined. One such physical
exposure is increasing man-made electro-
magnetic fields (EMFs). Inaddition 1o tra-
ditional low-frequency EMFs from power
lines and apphances, the buildup of in-
creasingly stronger wireless networks both
inside and outside living and work spaces
and the proliferation of cell phones and
other wireless devices have led 1o human
populations being surrounded by EMFs of
increasing intensity. This parallel in-
crease in both EMF exposure and asthma
prevalence in the pasc several decades war-
rants examination.

Studies have shown that EMFs could
adversely aflect reproductive outcomes and
the immune system.™"” A recent study also
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showed an EMF ellect on brain ccll acuvities.'" ' There-
fore, itis conceivable that exposure to high EMFs, espe-
cially during pregnancy (the period of fetal develop-
ment), may have an impact on the risk of asthma in
offspring. To examine this hypothesis, we conducted a
prospective study bused on a cohort of pregnant women
whose daily exposure to magnetic fields (MFs) was cap-
tured objectively by a meter during their pregnancy and
whose oflspring from the index pregnancy were fol-
lowed up foraslong as 13 years for their asthma diagnosis.

T

A prospective cohort study was conducted to examine the effect
of EMF exposure on the risk of miscarriage among pregnant
members of Kaiser Permanente Northern California (KPNC)
in the San Francisco area who were recruited from 199610 1998.°
The members of KPNC are representative of the racially/
cthnically diverse underlying population. All pregnant women
who submitted a pregnancy test in the KPNC [acilities of the
Sun Francisco area were informed of the study, and those with
a positive pregnancy test result were recruited for their pos-
sible participation. The study was approved by the KPNC in-
stitutional review board, and all participants signed an in-
formed consent lorm,

RECRUITMENT

Women who spoke English and intended to carry the preg-
nancy o term at the time ol recruitment were cligible for par-
ticipation in the study. We recruited pregnant women early in
gestation (5-13 weeks) because miscarriage usually occurs dur-
ing the first trimester.” All participants were interviewed in per-
son during pregnancy to ascertain risk factors lor adverse preg-
nancy outcomes and potential confounders. OF the original 1063
recruited women, 829 delivered a live birth, Ol these olf-
spring, 28 did not have medical records in vur KPNC system,
which means that they likely received their pediatric care out-
side the KPNC system and therelore were not included in the
study.

EXPOSURL MEASUREMENT: MFs

Electromagnetic ficld refers wo both electric fields and MFs. In
this study, becaunse the insirument we used (EMDEX-I meter;
Enertech Consultants, Campbell, California) measures only MFs,
hereafter we will refer to our exposure as MFs. All participants
were asked o wear an EMDEX-11 meter for 24 hours during
the first or second trimester so that their actual MF exposure
level throughout the day Irom all sources could be measured
objectively. The EMDEX-1I meter collected MF measure-
ments in the frequency range of 40 o 800 Hz every 10 sec-
onds The MF level was measured innilligauss. The meter was
programmed 10 show only the time of day, without displaying
any ME exposure level, so that participants were not aware of
their MI™ exposure during the measurement period. This de-
sign was implemented to avoid changes of any routine daily
activities due to the MF level displayed. At the end of the mea-
surement period, the women were asked 1o rawe their activity
patterns during the measurement period as either similar to or
quite diflfcrent {from thosc during a typical day of their preg-
nancy. Of 801 participants whose children had pediatrie care
at KPNC, 67 did not have complete 2+4-hour MF measure-
ments. These mother-child pairs were excluded from the study.
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OUTCOME MEASUREMENT.:
ASTHMA IN OFFSPRING

The children of the remaining 734 pairs with complete mater-
nal 24-hour MF measurements during pregnancy were [ol-
lowed up until (1) they veceived a diagnosis ol asthima, (2) they
left the KPNC system (no longer a KPNC member), or (3) the
end ol the study period (August 31, 2010). To be considered as
having a case of asthma, a child had o have received a clinical
diagnosis of asthma (frernational Classification of Discases, Ninth
Reviston, codes 493.00-493.99) on at least 2 occasions within a
1-year pericd during lollow-up. We excluded those who had either
only 1 diagnosis (n=67) or 2 diagnoses that were more than 1
year apart (n=17) or those who used antiastlinatic medications
without a clinical diagnosis of asthina (n=24). These children
were considered to have suspected asthma and {ormed a sepa-
rate ovtcome group. They were notincluded in the main analy-
ses but were analyzed separately for comparison. The final analy-
ses included 626 mother-child pairs with both marernal MF
measurements and a known asthima siatus

POTENTIAL CONFOUNDERS

Although the number of known potential confounders are likely
limited because of (1) a lack of association between MF expo-
sure and many commaonly known social, demographic, and be-
havioral lactors and (2) the small number of known risk factors
forasthina,* * we evaluaed inany common soctodemnographic char-
acteristics and known prenatal and postnatal risk factors for asthma
ta ensure that they truly did not confound the association be-
tween maternal MF exposure during pregnancy and the nisk of
asthma in olfspring. Because most variables evaluated were not
confounders, we included the common sociodemogeaphic vari-
ables such as maternal age, cducation, and race/ethnicity as well
as the main risk factors for asthma such as a maternal history of
asthima and smoking during pregnancy in the linal model.

DATA ANALYSIS

We used the Cox proportional hazard regression model to exam-
ine the relationship between in utero MF exposure and the risk
of asthma in olfspring after controlling for potential confound-
crs. Survival analysis has the advantage olaking into aceount dif-
ferent follow-up times for the offspring with regard to asthma di-
agnosis. All children were followed up starting from bireh unil
(1) they received dingnoses of asthma {failed}, (2) they lelt the
KPNCsystem (censored), or (3) theend of the swudy (censored).

To quantify a woman's overall daily MF exposure burden,
we used median 24-hour ME exposure to reflect her overall MF
exposure during pregnancy to reduce the impact of outliers.
Because everyone is exposed to MF at some level, we exam-
ined whether an increasing MF exposure during pregnancy is
associated with an increased risk of asthia in offspring, a dose-
response relationship rather than a dichotomized variable of
yes/no. We first examined the dose-response relationship using
the median MF level as a continuous variable. To present the
association as categorical MF exposure lor an easier interpre-
tation, we divided the median MF level into 3 categorics: low
{=10th pereentile [ =0.3 mGl), medium (>101h-90th pereen-
tile [>0.3-2.0 mG|). and high (>90th pereentile [>2.0 mG)).

— TR

Table 1 presents the characteristics of the study popu-
lation aceording o their MF exposure level during preg-
nancy. We examined maternal, prenatal, genetic, and
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Abbreviations: BMI, body mass index {calculated as weight in kilograms divided by height in meters sguared); NICU, neonatal intensive care unit: KPNC, Kaiser
Parmanente Northern California.

3] ggs than or equal to the 10th percentile {=0.3 mG).

Y Greater than the 10th percentile to the 90th percentile (=0.3-2.0 mG).

CGreater than the 90th percentile (=2.0 mG).

9The tollowing 3 variahles had missing data tamily income (n=32). maternal mode of delivery (n=22}, and NICU admission (n=24).
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Tabla 2.'Maternal Expnsure tu Malnetic Ftalds (MFs) During Prennancv and the Risk of Asihma in Dﬁspring ;f F

= Asthma in Ghildren PN T i -.‘
Maternal Daily Median MF Level : Yes ‘No . cHR {95% Clj ]I' aHH" 95% GI)
Gontinuous MF fevel, mean? (SD), mG 1.22{1.22) 0.98(1.09) 112 (1.02-1.23) ﬁfﬁ 15 (1.04-1.27
MF level in category, No. (%) L
Low, ==1{th percentila 11 (13.5). 7G {86.4) 1 fReference] eﬂcg] |
Medium, =10th-90th percentite 85.(20.3) 384 (79.7) 1.65 [0.88-3. GEL '3 25
High, ~80th percentile 21(33:3} 42.{66.7) 3,16 {1.52-6.57) 58 fi, 35 .

Abbreviations; aHR, adiusted hazard ratio (adjusted for matemal age, race, education, smeking during pregnancy, and a history of asthma, further ad;us:menl
for the remaining variables in Table 1 did not materially change the results); ¢HR, crude hazard ratie; Cl, confidence inferval,

Irend lesl, P<.D01.
bMean of median,

%, ot Difspring Rzmaining Asthma Free

7 8 9 10 11 12 13 14
“Ul.v

Figure. Kaplan-Meler estimates of asthma risk by maternal magnetic fleld
{MF)} expasurg level during pregnancy.

infant factors that may be related to MF exposure, the
risk ol asthma, or both (ie, potential confounders). Of
the 19 lactors examined, none was related 10 MF expo-
sure level except family income, which did not show a
clear pattern of a relationship (Table 1). The percent-
ages of children who were unavailable for [ollow-up at
the end of the study because of their exiting KPNC mem-
bership and those whose MF exposure was measured on
a typical day during pregnancy were quite similar among,
all MF exposure levels (Table 1).

Overall, 130 children (20.8%) of the study paruici-
pants developed asthma during 13 years of [ollow-up, with
most cases (>80%) diagnosed by 5 years of age. Table 2
presents the results examining the dose-response rela-
tionship between increasing maternal MF exposure level
in pregnancy and the risk ol asthma in olfspring using
MF exposure level as bath a continuous and a catepori-
cal variable. Afier adjustment [or maternal age, race, edu-
cation, smoking during pregnancy, and a history of
asthma, a statistically significant linear dose-response re-
lationship was observed between increasing maternal me-
dian daily MF exposure evel in pregnancy and an in-
creased risk of asthma in offspring (adjusted hazard ratio
|aHR], 1.15; 95% confidence interval [Cl], 1.04-1.27).
In other words, 1 unit {1 mG) of increase in the mater-
nal median MEF exposure level during pregnancy was as-
sociated with a 15% increased rate ol asthma in ofl[-
spring (Table 2}. Using the categorical MF level (low,
medium, and high) as dummy variables, the results con-
firmed the linear dose-response relationship: compared

with children whose mothers had a low MF level (<0.3
mG) during pregnancy, children whose mothers had a
medium MF level (>0.3-2.0 mG) had a 74% increased
rate of developing asthma (aHR, 1.74; 95% Cl, 0.93-
3.25). Furthermore, children whose mothers had a high
MF {evel (>2.0 mG) during pregnancy had more thana
3.5-lold increased rate of developing asthma (aHR, 3.52;
95% Cl, 1.68-7.35). Further adjustment {or the remain-
ing 14 factors, including family income, listed in Table |
did not materially change the results. Finally, a similar
association was also observed using suspected asthma
cases, although the associalion was weaker, perhaps be-
cause ol the misclassilication of asthma cases. The aHRs
were 1.24 and 1.41 for medium and high maternal MF
exposure levels, respectively.

The Figure shows the Kaplan-Meier survival
curves for the percentages of offspring who remained
iree of asthma during the 13-year follow-up period for
3 dilferent maternal MF exposure levels in pregnancy.
The cumulative asthma risks (1 —=cumulative survival
rate) in offspring were 0.16, 0.30, and 0.43 for low,
medium, and high maternal MF exposure levels,
respectively.

To determine whether other factors would modify
the observed association, we examined the association
stratilied by 2 known risk factors for asthma: maternal
history of asthma (a possible genetic risk [actor) and
firstborn child (a possible environmental risk factor, the
hygiene hypothesis).”> Tabhle 3 shows that the
observed association was noticeably stronger among the
children whose mothers had a history of asthma (aHR,
6.06; a more than 6-fold increased rate of asthma for 1
unit [1 mG] of increase in MF level in the maternal
median MF exposure level during pregnancy) than
among those whose mothers did not have a history ol
asthma (aHR, 1.12). Similarly, the association between
increasing maternal MF exposure levels in pregnancy
and the visk of asthma in oflspring was stronger among
firstborn children (aHR, 1,40; a 40% increased rate ol
asthma for every 1 unit [1 mG] of increase in MF level)
than among later-born children (aHR, 1.07) (Table 3).
The presence of these 2 risk factors (ie, history of
maternal asthma {P<.005] and being a firstborn child
[P<.05]) significantly exacerbated the adverse effect of
maternal MF exposure in pregnancy on the risk of
asthma in offspring.

ARCH PEDIATR ADOLESC MED

PUBLISIHIED OXLINE AUGUST 1, 2011
T4

WWW ARCHPEDIATRICS COM

Downloaded from www.arehipediatries com at Karolinska Institutet University Library, on August 2, 2011
©2011 American Medieal Assaciation. All rights reserved.

Part 3 of 8, Additional information found TheBrainCan.com , SolomonSeries.com, and https://www.youtube.com/solomonseries




Part 3 of 8, Additional information found TheBrainCan.com , SolomonSeries.com, and https://www.youtube.com/solomonseries

to Other Risk Factors for Asthma

Tahile 3. Matarnal Expesure to Magnetic Fields During Preqgnancy and the Risk af Asthma in Offspring in Relation

Asthma in Childran, Mean (SB)

Other fisk Factor for Asthma Total No. Yes No aHR (85% Cl} P Value
Matemal history of asthma F=.005
Yes 45 1.7 {0.87) 0.65(0.49) 6.06 (2.20~16:72)
No 581 1.22 {1.25) 107 {1.11) 1.12 (1.01-1,25)
Birth order P=.05
First chiild. 294 1.33(1.31) 0.85 (0.88) 1.40 (1,16-1.70)
Not first.chifd’ 332 1,13 (1.14) 1.01 {1.25) 1.07.(0.92:1.25)

Abbreviations: Cl, eonfidence interval aHR. adjusted hazard ratio (adjusted lor maternal age, race. education, smoking during pregnancy, and a history of
asthma; further adjustment for the remaining variables in Table 1 did net materially change the resuits),

Table 4. The Strenglhs of the Associalion In Relatian:te the Measuremant Accuracy of Magnetic Fields {MFs)

Asthma:in Children, No. (%5}

Maternal Dally Median MF Levs! o Yes No ] aHRA (95% C1)
Measyred on a typical day
Low, =10th petcentila 5 {9.6) 47 (90.4) 1 [Reference]
MediumMigh, =-10th percentila 73 (21.0) 275{79.0) 2.52 (1.03-6.30)
fMeasured on a nonlypical day
Low, =10th percentile 6 (20.7) 23{79.3) 1 {Reference],
Medism/higir, =10t percenlite 46 (23.3} 151 (76.7) 1.31 (2.55-3.13)

Abbreviations. G, confidence Interval: aHR . hazard ralie (adjusted for maternal age. race. education, smoking during pregnancy, and a history of asthma).

— T ———

In this prospective cohort study, we found that a high ma-
terial MF expuosure level in pregnancy is associated witha
significantly increased risk ol asthma in olfspring,. The vub-
served association showed a dose-response relationship.
Given the lack of understanding of the causes of asthma,
our findings could open up a new research area wo cluci-
date risk factors of asthma that are unknown and have not
been examined belore. Also, our study provides new find-
ings lor the potenual adverse health effect of M expasure
on an end point (asthma) that, 1 our knowledge, has not
been previously studied. While the public has been in-
creasingly aware ol EMF exposure owing to the increas-
ing presence of infrastructure of wireless networks and the
pervasive use of wireless devices, studies on EMF health
effects remain limited. Because EMF exposure is ubiqui-
tous and exposure 1o it is involuntary, these new findings
have important public health implicuions, Nevertheless,
they need to be replicated by uther studies.

While prenatal risk factors for asthma are not well un-
derstood, pregnancy is one of the most influential peri-
ods when allergic sensilization (atopy) is developed in
the fewts.? " The underlying pathogenesis ol asthma is
likely structural and due to funciional defects in epithe-
lium and an impaired innate immune system.? Prenatal
exposure 1o high MF levels could interfere with the de-
velopment of both epithelial cells and novmal immune
systems. Research by multidisciplinary collaborative stud-
ies is nceded to understand these mechanisms.

The curvent study has several methodological strengths
that enhanced the validity of the new findings. First. itwas

a prospective cohort study in which MF exposure was mea-
sured in pregnancy, long before the diagnosis of asthma
in offspring. This study design substantially reduces the like-
lihood of potential biases associated with participation in-
fluenced by the presence of outcomes. Second, both the
expasure (MF levels) and the outcome (diagnosis ol asthima)
in this study were measured objectively without the knowl-
edge of each other, thus reducing the concern of vecall bias
associated with the ascertainment of exposure and out-
come variables that has existed in many epidemiological
studies, Unlike many case-control studies of the MF health
cffect, in which MF cxposurc in the etiologically relevant
period of the past was either reconstructed or surrogated
by the current exposure measurement {eg, studies of child-
hood leukemnia). MF exposure levelsin this study were pro-
spectively measured during the etiologically relevant pe-
riod (eg, pregnancy). Also, while EMF expuosure
measurement in past studies was frequently based only on
recalls, surrogate measures, and home spot measure-
ments, the current study asked participants to carry an
EMDEX-Il meter that objectively captured their MF expo-
sure [rom all spurces during pregnancy. Furthermore, all
diagnoses ol asthma were based on clinical records, not on
sell-report by the participants, thereby reducing measure-
ment errors of the outcome of interest. Finally, MF expo-
sure is not related to most sociodemographic, behaviaral,
and commonly known tisk [actors (Table 1).%% Given that
confounders have to be associated with the exposure of in-
terest, # luck ol'association between MF exposure and those
[actors limils the number ol potential conlounders, mak-
ing the abserved association robust against potential
hiases.
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While, compared with previous studies, we improved
the accuracy of measuring MF exposure by asking partici-
pants to wear an EMDEX Il meter for 24 hours, it was not
feasible 10 measure MF exposure throughout pregnancy.
Therefore, the accuracy of the MF measurementin reflect-
ing the MF exposure in pregnancy may sull be ques-
tioned, although one study has reparted that MF expo-
sure levels were relatively stable within 12 to 36 months.
Assuming that there was some misclassilication of MF ex-
posure because of measurement errors, given that this was
a cohort study and MF was measured long before the di-
agnosis of asthma, such misclassilication would be non-
differential (ie, the same degree of misclassification to both
motliers of children with and without asthma). Nondil-
ferential misclassification generally leads 1o attenuation of
ohserved associations. Without such misclassification, the
observed association could have been stronger. In fact, our
reanalysis of the association, siratified by whether the MF
measurement was conducted on a typical day of preg-
nancy (more representative ol MF exposure in preg-
nancy} or a nontypical day (less representative of MF ex-
posure in pregnancy, thus more measurement errors})
provided evidence supporting this argument, Asshownin
Tahble 4, we indeed observed that less measurement er-
ror (ie, measured on a typical day) led to a stronger ob-
served association (2.5 times risk of asthma associated
with a higher maternal MF exposure level during preg-
nancy) compared with more measurement ervor (ig, mea-
sured ona nontypical day), a nonstatistically significant 31%
increased risk of asthma, Therefore, had we been able to
measure participants throughout pregnancy, the ob-
served association between maternal MF exposure in preg-
nancy and the risk of asthma might have been stronger than
that presented in Table 2,

In addition 1o observing an association between high
maternal MF exposure during pregnancy and the risk ol
asthma in oflspring with a dose-response relationship,
we also observed a statistically significant interaction be-
tween the MF ellfect on asthina and the other 2 risk fac-
tors for asthma: maternal history of asthma and hirth or-
der (firstborn). A maternal history of asthma is a well-
established risk factor for genetic susceptibility that has
been supported by the results of both genome-wide as-
sociation studies and candidate gene studies.** Such an
interaction with known risk {actors for asthma not only
revealed possible synergistic adverse effects between pre-
natal MF exposure and these 2 risk lactors on the risk of
asthma but also provided further support for the under-
lying association between maternal MF exposure in preg-
nancy and the risk of asthma in olfspring, Synergistic fac-
tors themselves are often independent risk factors.

In conclusion, the findings of the present study open
up a new area in understanding the risk factors for asthma
and the health elfects of ubiguitous MF exposure, espe-
cially during pregnancy. As with any epidemiological
study, these [indings need to be replicated. If con-
firmed, they have the potential to inform new interven-
tion siralegies o reduce asthma, the most prevalent
chironic disease among children.

Part 3 of 8, Additional information found TheBrainCan.com , SolomonSeries.com, and https://www.youtube.com/solomonseries

Accepted for Publication: March 15, 2011.
Published Online: August 1, 201 1. doi:10.1001
farchpediatrics.2011.135

Correspondence: De-Kun Li, MD, PhD, Division of Re-
search, Kaiser Permanente, 2000 Broadway, Oakland, CA
94612 (dkl@dor kaiser.org).

Author Contributions: Study concept and design: Li, Ac-
quisition of data: Li and Odouli. Analysis and interpreta-
tion of data: Li and Chen. Drafting of the manuscript: Li
Critical revision of the manuseript for important intellee-
tual content: Chen and Odouli. Statistical analysis: Li and
Chen. Obtained funding: Li. Admmistrative, technical, and
material support: Li and Odouli. Study supervision: Li.
Financial Disclosure: None reported.
Funding/Support: This study was supported in part by
a grant from the California Public Health Foundation.

—

1. 2004 National Health Interview Survey Data, Table 1-1, Lifetime Asthma Popu-
lation Estlmates, in thoxsands, by Age. United States. Genters For Disease Con-
trol and Prevention Web site. hitp.//www.cdc.gov/asthma/nhis/04/table1~1
.mm. Accessed July 22. 2010.

. Bracken MB, Belanger K, Cookson WD, Triche E, Christiani DT, Leaderer BP
Genetic and perinatal risk tactors for asthma onset and saverity: a review arnd
theoretical analysis. Epidemiof Rev. 2002,24(2):176-189.

3. Holgale ST, Arshad HS, Roberts GT, Howarth PH, Thusmer P, Davies DE. A new
look a1 the pathogenesis of asthma. Gl Sci {Lond). 2010:118(7):435-450.

4, Holgate ST. Has the time come to rethink the pathogenesis of asthma? Gurr Opin
Aifergy Glin fmmumol. 2019 10(1) 48-53,

5. Subbarao P, Mandhane PJ, Sears MA. Asthma: epidemiology. etiology and risk
tactors. CMAJ. 2009 181{9):E181-E190.

6. LIDK, Odouli R, Wi &, et al. A population-based prospective cohort study of per-
sonal exposure to magretic fields durng pregrancy and the risk of miscarriage
Epidemiciogy. 2002,13(1) 9-20.

7. Lee GM, Neutra AR, Kristova L. Yost M, Hlatt RA. A nested case-control study of
residential and personal magnetic field measures and miscarriages. Epidemiatogy.
2002;13(1):21-31,

8. LIDK. Checkoway H, Mueller BA. Electric blanket use during piegnancy In rela-
tion 1o the risk of congenital urinary tracl anpmaiies amang women with a his-
tary of sublertility. Epidemiotogy. 1995 6(5) 485-480.

9. LiDK, Yan B, Li Z, et al. Exposure to magnetic fields and the risk of poar sperm
quaity. Reprod Toxicol. 2016,29(1):86-92

10. AkanZ. Aksu B, Tulunay A. Bilsel 5, Inkan-Garip A. Extremely low-frequency efec-
tromagnetic flelds attec! the immune resporse of monocyte-derived macro-
phages to pathegens. Bleslectromagnetics. 2016:31(8).603-612

11. Simk6 M, Mattsson MO. Extremely low trequency electromagnetic fields as ef-
tectors of cellular responses in vilro' possible immune cell activation. J Ceff
Biochem. 2004;93(1).83-92.

12. Rajkovic V, Matavulj M, Johansson C. Combmied exposure of peripubertal mals
rats to the endocrine-disrupting compound atrazine and power-frequency elec-
tramagnetic fleids causes degranulation of cutaneous mast cells: a new soxic en-
virormental hazard? Arch Environ Conlarm Toxicol 2010,59(2).334-341.

13. Boscolo P, DI Gioacchino M. Bi Grampaole L. Antanuce A. Di Luzio S Gom-
bined eflec!s of electromagnetic fields on Immune and nervous respanses. inf J
Immunopathe! Pharmacod, 2007:20(2)suppl 2).58-63,

14. Di Glampaolo L, Di Dorato A, Antonuccl A, et al. Follow up study on the immune
response ko low frequency electromagnetic fiefds in men and women working in
a museum. it J Immunopathol Pharmacol. 2006,19(4){suppl}. 37-42.

15, Grigoriev YG, Grigoriev OA, Ivanav AA, et al. Corfirmatlor studies of Soviet re-
search on iminenologiczl eifects of microwaves: Russian immunology results.
Gloelectramagnetics. 2010,31(0).589-602.

16. Volkow ND, Tomas| D, Warg GJ, et al. Effects of cell phane radiofrequency sig-
nal exposurs on brain glucose metabolism. JAMA 2011,305(8) BOB-B13.

17. {ai H, Hardelt 1. Cell phone radiofreguency radiation exposure and brain glu-
cose metabolism. JAMA, 2011:305(8):.828-829.

18, Pecen DA. Development of atopy and asthma: candidate environmental influ-
ences and important periods of exposure, Environ Health Perspect. 2000.108
(suppl 3).475-482,

19, Dietert RR, Etzel HA. Chen D, et a1. Workshop to (dentity critlcal windows of ex-
posure for children's health’ Immune and respiratory systems waork group
summary. Environ Health Perspect. 2000:108(suppl 3} 483-490.

20. Bracken TO, Rankin AF Senior RS, Alldredge SR, The EMDEX Profect: Residential
Study, Final Repart. Palo Alta, CA. Electric Power Research Institute; 1994,

~

ARCH PEDIATR ADOLESC MED

PUBLISHED ONLINE AUGUST 1, 2011

(13

WWW ARCHPEDIATRICS COM

Downloaded from www.archpediatries com at Karolinska Institutet University Library. on August 2, 2011
©2011 American Mcdical Association, All rights resceved.

Part 3 of 8, Additional information found TheBrainCan.com , SolomonSeries.com, and https://www.youtube.com/solomonseries




Part 3 of 8, Additional information found TheBrainCan.com , SolomonSeries.com, and https://www.youtube.com/solomonseries

Radiztion Protection Dosimetry (2008), Vol 128, No. 1, pp. 6267 doi 10 1193 /rpd /nand 3

Advance Access publivation 26 May 2007

LOW-FREQUENCY TRANSIENT ELECTRIC AND MAGNETIC
FIELDS COUPLING TO CHILD BODY

S. Ozen*
Department of Electrical and Electronics Engineering, Engineering Faculty, Akdeniz University, 07038
Antalya, Turkey

Received December 14 2006, revived March 20, 2007, accepted Aprif 25 2007

Much of the research related to residential electric und magnetic field exposure facuses on cancer risk for children. But until
now only little knowledge about coupling of’ external transient clectric and magnetic ficlds with the child’s body at low fre-
quency transients existed. In this study, current densities, in the frequeney range from 50 Mz up w 100 kHz, induced by exter-
mal electric and magnetic ficlds to child and sdult human body, were investigated, as in residential arcas, cleciric and
magnetic ficlds become denser in this frequency band. For the calenlutions of induced ficlds and current density, the cllipsokdal
budy muodels ure used. Current density induced by the external magnetic field (1 0T) and external cleetric field (1 V/m) is
estimated. The results of this study show that the wansient electric and magnetic fields would induce higher current density in

the child body than power frequency fields with similar ficld strength.

INTRODUCTION

Some epidemiological studies in the past stated the
existence of positive ussoctations between eancer and
leukacmia. occurring in children and the configur-
ation of nearby residential eleciric power lines, often
referred to as “the wire code™ %), Several reports on
this subject have appeared since Wertheimer and
Leeper! who first pointed out the possibility of an
association  between childhood mortality duc 1o
cancer and proximity of homes to power distribution
lines with what is called *high current configuration’.
So far, there have been more than a dozen studies on
childhood cancer and its possible causes by exposure
to power frequency magnetic ficlds produced by
nearby power lincs'' =™, The fact that the results
for leukacrua that were based on proximity of
homes 1o power lines had been relatively consistent
led the U.S. National Academy of Sciences (NAS)
Committee to conclude that children living near
power lines appear to be at increased rnisk of
leukaemia®'.

Over the years. there has also been substantial
interest in whether there is an association between
magnetic field exposure and childhood briin cancer,
the second most frequent type of cancer found in
cluldren. However. the recent studies completed after
the NAS Conunittee’s review fail to provide support
for an association between brain cancer and chil-
dren’s exposure to magnetic fields and also, whether
the source was power lines or electric blankets, Tt i3
also not clear from the report whether magnetic

*Corresponding author: sukruozen@akdeniz.edu.tr

fields
codes™*!

The most intensively investigated envirommental
factor has been the time-weighted average magnetic
ficlds associated with cleciric currents on power lines
and grounding systems, A large U.S Case Conurol
Sudies 1o test whether childhood acute lymphoblus-
tic leukaemia is associated with exposure to 60-He
magnetic field was published by Ref, (4). According
1o some workers in this field'' "=, the power lines
were the most important source of exposure when
thc magnetic field due to line was greater than
~0.2 T The result of the study indicated that chil-
dren who lived close to a power line had a higher
magaetic field exposure than other children. Most of
the research in this area has been associated with
power frequencics and there are relatively few publi-
cations in the frequencics associated with transient
fields and these are mostly studies of characteristic
compositions of these fields.

In recent years, research has been conducted to
chuaracterise transient electric and magnetic fields in
residential arcas’™ ', Transicnt fields in residential
environments depend on the electric power lines,
grounding systems. switch-gear and wire codes.
According to Refl (15). homes in urban areas had
mare transients than homes rural areas,

Transients occur with a large number of different
waveforms that it did not seem feasible for us to
identify a stnall number of standard waveforms on
which to base our analysis. According to Refl (17),
any transient signal. f{f). can be written as;

ere estimated by calculations or by wire
10y

-]

I .—J d(@)f (w)e/™ ()

-

i° The Author 2007 Published by Oxford University Press. Al rights reserved. For Permissions, please cmail. journals periissionsizoxfordjoumals.org
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where w is angular frequency, j= /=1, and f(w)
defines the frequency spectrum of (1), If this signal
is passed through a lincar system (c.g. electric or
magnetic field coupling to o conducting body)
whose transfer function for a sinusoidal nput is
T{w), then the transient outpul signal @{¢) can be
defined as:

e

d(w) T{w)f (w)e™ {

3

o) = |

Hence, the respeonse of the system to a transient
input signal, f{1), can be obtained by understanding
its response to a sinusoidal input with frequency
spanning ‘(requency content’ of the transient signal.

The present study analyses whole-body expaosure
ol homogencous cllipsoids shaped child models 10
uniform sinusoidal electric and magnetic ficlds with
frequency up to 100 kHz. This frequency runge was
chosen as # is the practical upper limit for dosi-
metric concern because of the time constants
(> [0 ws) inherent o biological signalling within cell
membranes™,

The International Commission on Nonionizing
Radiation Protection (ICNIRP) general public refer-
ence level for induced current Jop is specified as
2mA m™? in the frequency range 4 Hz 1o 1 kHz,
and f/500 mAm™2 in the frequency range -
100 kHz (where fis the frequency in hertz)'™.

For the past 25y, researchers have investigated a
possible link between exposure to power frequency
(50/60 Hz) of residential magnetic ficlds and child-
hood leukacmia cases. Thus, the International
Ageney for Research on Cancer (IARC) classified
cxtremely low frequency magnetic ficlds as a 2B car-
cinogen. These classifications are for between
average residential magnetic ficlds >0.3-0.4 uT and
childhood leukaemia'™'"", Presentation of a dosi-
metric approach about induced current density of
transient electric and magnetic fields in the band of
50 Hz 1o 100 kHz was aimed

COUPLING MECHANISMS BETWEEN
FIELDS AND THE BODY

The interaction of time-varying electric fields with
the human body results in the flow of electric charge
{i.c. electric current, the polarisation of bound
charge, formation of electric dipoles), and the reor-
ientation of clectric dipoles already present in tissue.
The rclative magnitudes of these different effects
depend on the electrical properties of the body
(i.e. ns clectrical conductivity and  permittivity).
Electrical conductivity and permittivity vary with
the type of body tissue and also depend on the fre-
quency of the applied field. External clectric ficlds
induce a surface charge on the bedy. The results
obtained for induced currents in the body and for
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the distribution of these currents depend on the
cxposure conditions, size and shape of the body, and
on the body's position in the field.

The physical interaction of time-varying magnetic
fields with the human body results in induced clec-
tric fields and circulating clectric currents. The mag-
nitudes of the induced fields and the current
densitics arc proportional to the radius of the loop,
the clectrical conductivity of the tissuc and the rate
of change and magnitude of the magnetic flux
density. For a given muagnitude and lrequency ol a
magnetic field. the strongest electric fields are
induced where the loop dimensions are the greatest,
The exact path and magnitude of the resulting
current induced in any part of the body will depend
on the clectrical conductivity of the tissue,

METHODS AND MODELS OF ANALYSIS

The surface of an cllipsoid is defined by the
equation:

(3)

where x, v and - are rectangular coordinates, and
the size and shape of the ellipsoid are determined by
the three paramcters g, b and ¢ where ¢ < b < a.

A basic cllipsoid child model is shown in
Figure 1. When using an ellipsoid 1o model a
person, 2ua defines the person’s height, 25 defines the
person’s width (measured from hip o hipy and 2c
defines the person’s “depth’ (measured approximately
from the surface of the abdomen to buttocks).
Table t gives the values of @, b und ¢ in the cllipsoid
models of children of wvarious asges and average

] i P H At T ot .
man*". Conductivity and dielectric constant of the
selected homogeneous body madel for various fre-

Hns g ; 220}
quencies can be seen in Table 27,

Figure 1. Ellipsoid models representation: (a) magnetic

field is aligned with the major axis of the body (84//w).

(b) magnetic ficld is afigned with the intermediate axis of

the body (8//b) and (¢} magnetic field is aligned with the
minor axis of the body (B /¢)
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Table 1. Ellipsoid parameters for selected body models.
Selected models ulm) h{m} clm)
Ten-year-old child 0.69 0143 0.078
Five-year-old chuld 0.56 012 0.06Y9
One-year-old child 0.37 0.095 0.068
Average man .9 0.2 0.1

Table 2. Electrical propertics of homogencous body models.

Frequency Diclectric Conductivity
constant v, (8 m_']

50 Hz 1 = (0% 0.1

100 Hz 7= 105 0.13

1 kliz | = 103 0.15

10 kHz 3=l 02

100 kET2 1« 104 0.3

Current density and clectric field induced

by external ¢lectric field

The uniform electric field, E. induced inside an ellip-
soid by external uniform vertical electric field, £, is
given by cquation (4):

_ Juea By
T o 4 (4)
where o® = o + jirg, &gy 15 the complex conductivity
and
S e
T2 o E+ A WEF A EFP)EF )
= uhe [F(g k) = E(eh, k]|
((@? = B) a2 — ')
with
d' bl
Flg,ky=| (1 — &*sin® )7 2do
{
‘b a2 9
E(p. k) =j (1 - &?sin’ 6)'*de
0
and
5 at = ht e
k= (ﬁ) lf)— sin [ “.-, )

where ¢, k) and E(¢ k) are the incomplele elliptic
integrals of the first and second kinds, respectively,
and & is the modulus of these elliptic integrals.
When the external clectric ficld is vertical o the
body. the induced electric field becomes maximum.
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For other onentations of external electric fields, math-
ematical details can be seen in the open literature™',

The current density induced by electric field can
be expressed as:

J=caF (5)
where o s the electrical conductivity of the human
model. Inteructions of 50/60 Hz magnetic fields
with a biological body can be considered, for the
wavelength of the magnetic field 15 much larger in
comparison to the size of the hiological body. Tt can
be shown from Faraday's and Ampere’s laws that the
secondary magnetic field produced in a biological
abject by the cunrent flow induced by the external
magnetic ficld can be neglected. So the magnetic
field inside the biological body is considered
uniform**®'

Muathemarical relations for conpling of uniform
magnetic freld 1o ellipsoid

Consider 1 magnetic feld. Bo, aligned parallel to
the x axis Tt can be shown that the induced
clectric field is in the y-z pl.mL and s everywhere
l.mgcnl to lhc ellipse (3/b) + (z/cF = 7. where
1= *0" A The strength of the induced ficld

Eis
i w8y
42

/b2 + ‘.4.1.'.'

The values of Jooe and Sy induced inside the
ellipsoid are:
1. By is aligned with a an x axis;

(6]

e whBy he
Jm:u: ] UBEJ’-”I s Jmu = (f“‘:/_gm"_m (7|
3. By is aligned with b on y axis:
a’r wh, e
Joox = olyw—— Sy = r— LY
ax i} 7 s \/— ,r——-a Eps ( L
3. By is aligned with ¢ on = axis;
b
Jmux L ‘fB(!m - hn .
B f
Js = 20 _ 20 (9)

v’S' Vit + b?

INDUCED CURRENT DENSITIES

Table 3 depicts the calculated induced current den-
sitics when the ellipsoidal models are exposed to 1
V/m external electric field. Table 4 depicts the caleu-
lated induced current densitics when the ellipsoidal
modcls are exposed to | pT external magnetic field.
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Figure 2 depicts results of the maximum induced
current density in different body models versus
different external magncetic ficld orientations for fre-
quency of 50 Hz Induced current density in all
body models is the maximum for 8, aligned with ¢
on - axis. Table 5 shows calculated maximum
induced current  densities  inside the ellipsoidal
models exposed to 1 0T magnetic field for orien-
tation of By//b. Table 6 depicts maximum induced
current densities for the external magnetic fickd verti-
cal to the body (8y//a).

Table 7 presents the calculated induced current
densities when the ellipsoidal models are exposed to
i uT magnetic ficld for orientation of By//c

CONCLUSIONS

In this paper. Jor ellipsoidal body models, with | T
magnetic and 1 V/m electric ficld exposure, induced

Av.Man e
! .

10Y.0.Child : o Bolla
5.0.Child jm » || mBplib
' 7 , )| @Bgllc

1Y.0.Child A
0051152253354 455 556 65

Jm'l

Figure 2. Results of the maximum current densily values
Jinas [pA/m” S T)] in dilferent body models for (requency
of 50 Hz.

current densities have been analysed. Results vary
with the onentation of field or the size of body. When
the external magnetie field is applied in parallel to the
long axis of body (By//a, i.c. aligned with the long

Table 3. Induced current density in body models by external clectric ficld density value of 1 V/m which is vertical to the

body.
RBody models S [LA/m* (¥ /m)|
50 Hz 100 Hz 1 kHz 10 kHz 100 kHz
Average mam 0.0722 0.1443 1.443 14.392 142.0
Ten-yeir-old child 0.0744 0.1488 1.4878 14,830 14638
Five-year-old child .068 0.1361 1.3604 13.567 133.86
One-year-old child 0.0448 0,0897 0.8967 8,942 fi8 2269

Table 4. Induced current density in body models by 1 T external magnetie field which is perpendicular to front of the body,

Body models

Jos [A W (WT )]

50 Hz 100 Hz 1 kHz 10kHz 100 kHz
Averige man 5.987 17.9625 179.6252 2395 35925
Ten-vear-old child 4.3075 12,9224 129.229 1723 25845
Five-year-old child 3.6044 10.8132 108.1321 1441.8 21 626
One-year-old child 2.79% 8.399 83.99 1120 16 800

Table 5. Induced current density in various body models by | pT external magnetic field which is perpendicular to the side of
the body B,//b.

Body models

Sy [RA/MAWT )

50 Hz 100 Hz 1 kHz l0kHz 100 kH2
Averige man 3.103 9.309 93.09 1241.3 18620
Ten-year-old child 242 7.258 72.58 9367 .8 145§7
Five-year-old child 2.133 6405 64.05 854.1 12812
One-year-old child 2.06 6.02 61.99 826.6 12 399
65
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Table 6, Induced current density in body medels by 1 T external magnetic field which is vertical to the body By//u.

Body models

o [LA/ M HUT )]

50 Hz 100 Hz 1 &¥Hz 10 kHz 106 kHz
Average man 2513 7.54 754 1005.3 15 080
Ten-year-old child 1.8 5,665 56.656 7554 11331
Frve-year-old child 1.63 4.R87 48.87 631.6 9774
One-year-old child 1.412 4,237 42.37 365 8475

Table 7, Induced current density in body models by 1 pT external magnetic field which is perpendicular to front of the body.

Body models

Jems [0A /(0T ]

50 Hz 100 Hz | kHz 10 kHz 100 kHz
Averige man 2743 8.23 32.3 1097.2 16 438
Ten-vear-old child 1.967 59 59.018 786.9 118 D04
Five-year-old child 1.648 4.945 49.45 659.4 9512
One-year-old chld 1.3 3.878 3878 517.113 7756.7

axis of the bedy), induced current density 10 the body
is less than other ficld-body configurations (Ba//b and
Bof/c). As a result. induced current density may vary
with shape and size of the body, exposure frequency
and the orientation of the body relative to the field.
Figure 2 and Tables 3—7 summarises the current den-
sities in children’s and adults’ body when they are
subject to external electric and magnetic fields. Tt is
also easy to compare the cxposures for ficld orien-
tations. Al exposure frequency, the induced current
density varies in relation to the field orientation and
the body models. The size and the shape of the body
as well as the field orientation are the major pat-
ameters lor induced current prediction.

The band of frequencies chosen for this study was
between 50 Hz und 100 kHz. In this way, the densitics

of clectrical currents induced in the body models of

children and adulis by the magnetic ficlds caused by
the power frequencies und the frequencies contained
in transient sparks were investigated. Transient fields
may contuin all three components of the magnetic
field as well as at least one of the components of the
electric field. In residentinl homes. these magnetic
ficlds afTect all the people living within. In bedrooms.
these components of the fields may be parallel as well
as perpendicular to the children’s beds. The analysis
indicates that the maximum induced current density
occurs when the electric field component is parallel
to the major axis ol the body. In contrast, the induc-
tion of highest current density occurs when the exter-
nal magnetic field component is parallel 10 the minor
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axis of the body. The results show that the transient
electric and magneue fields would induce higher
current density i the child body than power fre-
quency fields with similar field sirength,

At this point it should be mentioned that fre-
quency of external field appears to be an important
parameter of the exposure us the induced current
density increases with the frequency. Therefore the
transients are of particular interest because they
would induce higher current density in child body
than power frequency ficlds with similar ficld
strength, Induced current values of 75 and 100 nA/
em” were found on chest and abdominat areas of the
anatomical man model (ungrounded), respectively,
in the measurements which were performed at
60 Hz, 10 kV/m‘m. Caleulated values of current
densities in this study. 72.2nA em™ in 50 Hz. 10
000 V/m (Table 3), are in good agreement with
measured values.

Although the main aim of this study is not com-
parison of induced current densities with safety
euidelines, current densitics induced by 1 pT mag-
netic field and 1 V/m electric field stay under the
basic ICNIRP restrictions,
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INTRODUCTION

In 1972 there was an oil embargo that forced countries to become more energy efficient. Energy
efficient lightning, variable speed frequency drives, electronic motor starters, light dimmer
switches, as well as a host of other electronic loads were rapidly being connected to the electrical
grid. These devices use current in short pulses that create harmonics and high frequencies
transients on the electrical circuits. Prior to this time the majority of the loads were linear loads.
With Linear loads the current was drawn in a continuous manner. The electrical grid was
designed for only 60-cycle linear loads like light bulbs and motors and not for the high frequency
producing electronic loads that were being added rapidly after 1972, Most electric utilities have
not update their obsolete lines to handle the technological load that started being connected to
their system in the late 70's and continues to date, The electric utility’s primary neutral wire that
was designed to bring the current back to the substations was. and still is, no longer capable of
handling the excess current and higher than 60-cycle currents now riding on the wire. The wire
has too much impedance (Opposition to AC current) due to its inadequate size and causes
overheating and a build up of voltage on the wire called Primary Neutral to Earth Voltage
(PNEV). The Institute of Electric and Electronic Engineers (IEEE) recognized the problems
caused by these changing loads and adopted a national standard, the 1EEE-519. in 1981, The
IEEE revised the standard in 1986 and again in 1992. It was a problem that was recognized and
addressed by industry world wide, except for most electric utilities. It became the topic of most
power quality magazines and publications through out the industry.

“Harmonics: It surfaced as a buzzword in the early 1980’s,” (EC&M ~ June 1999).

“When single phase electronic loads are supplied with a 3-phase, 4-wire circuit, there is a
concern for the current magnitudes in the neutral conductor. Neutral current loading in
the 3-phase circuits with linear loads is simply a function of the load balance among the
three phases. With relatively balanced circuits. the neutral current magnitude is quite
small. This has resulted in a practice of under sizing the neutral conductor in relation to
the phase conductors.

With electronic loads supplied by switch-mode power supplies. the harmonic components
in the load currents can result in much higher neutral current magnitudes. This is because
the odd triplen harmonics (3, 9, 15. etc.) produced by these loads is show up as zero
sequence components for balanced circuits. Instead of canceling in the neutral (as is the
case with positive and negative sequence components), zero sequence components add
together in the neutral conductor. The third harmonic is usually the largest single
harmonic component in single phase power supplies or electronic ballasts”. (6.3.1 Neutral
Conductor Overloading - Guide for Applying Harmonic Limits on Power Systems (63) —
May 4, 1996)

Sty Eleetric, ne SEO W Emg Blacx, W7 53616
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“Triplen harmonics do not cancel, but add together in the neutral conductor.

In systems with many [-phase nonlinear loads, neutral current can exceed an individual
phase current. Generally, the amount of neutral current is between 125% and 225% of
the highest phase current. The third harmonic current is usually responsible for most of
the neutral current because the third harmonic typically represents the harmonic with the
highest current value. High neutral current is dangerous because it causes overheating in
the neutral. Because there is no CB in the neutral conductor to limit current, as in the
phase conductors (A. B, and C), overheating of the neutral can become a fire hazard.”
(Power Quality Measurement and Troubleshooting, Glen A. Mazur-Author, 1992)

Because of the increased and higher frequency currents on the utilities” primary neutral. the
electric utilities decided to use the earth as a return path to their substations for the excess
currents they are responsible for. Once the currents are in the earth, they flow uncontrolled over
the surface, across private property, and into homes and barns, through humans and animals.
This was done despite national standards and electrical safety codes.

“Ground connection points shall be arranged so that under normal circumstances there
will be no objectionable flow of current over the grounding conductor.” (National
Electrical Safety Code. CS-1997 Rule 92D, Current in Grounding Conductor.)

“Such flow may be disturbing to the service, as is sometimes the case around dairy barns
in which cows are connected to milking systems... installations near areas that are often
known to present specific problems (such as milking barns without adequate voltage
gradient control, pipelines, electric railways, conduits, etc.) may need special attention to
limit damage to equipment or uncomfortable conditions for personnel or animals.”
(NESC Handbook, Fourth Edition, “A Discussion of the National Electrical Safety
Code™).

Statement of Facts and Supporting Documentation

The earth has been thought of as a sponge where the electrons that are put onto it are absorbed
like water and never have to be dealt with again. Using this mind set. devices have been
developed that electrically connect the human bodies with the earth with claims of discharging it.
to measure “Body Voltage.” or to maintain the body at the same electrical potential as the earth.
The problem is that the earth is no longer at zero potential. It was reported that 70% of the
current that went out on the electric utilities phase conductors returned via the earth in1998 by
the Minnesota Science Advisors. Some of these devices use a remote rod driven into the earth
somewhere in a person’s yard with a wire connected to it and the other end of the wire connected
to some sort of conductive electrical pad. Other devices use the 3" (Ground) prong of the
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electrical outlet in the buildings wiring to connect their devices to the earth. This connection
makes a direct mechanical as well as electrical connection to the electric utilities primary neutral
wire at the utility transformer. Instead of getting rid of electrons from the body, the connection
applies the voltage that was on the primary neutral system directly to the human body. Because
the electrical loads have changed to non-linear there would be high frequencies applied to the
body as well.

Figure | represents the electrical impedance model of the human body. The model shows the
capacitance of the skin. Energy from frequencies above 1.7 kilo Hertz will cause the capacitors
to short and be dissipated internal to the body.

|
4 c3
R1 T Skin Capacitanc

Skin Resistance

——AA— —

R3
Internal Body R

P =AAA

c4
Skin Capacitanc

-

k-1

O

I
R2
Skin Resistance
d

Figure 1 Five-component body impedance model. (UL. 1981.)

Figure 2 is a non-sinusoidal waveform measured between a conductive mat and the connecting
wire that was plugged into grounding receptacle at a wall outlet. The waveform is distorted and
is a sample of the voltages that were on the Primary Neutral wire at the time. These levels will
change with time as the loads on the electrical grid change.

Figure 3 is a spectrum analysis of the waveform displayed in figure 2. Although it is difficult to
see in this format, it shows frequencies above 9.8 kilo Hertz. These are a sample of the
frequencies that would be applied to the person that would be in contact with such a device.

Conclusion

There have been anecdotal reports of changes in people’s health after lying on such conductive
devices such as mats. etc... There is no reason to doubt the reports. Being in contact with
conductive surfaces may very well discharge the human body. or equalize some differences of
electrical potentials, however those results may be difficult to achieve or duplicate when
connected to high frequency ground currents or the electric utilities primary neutral return wire.

Stetyer Eleetnie. Tuc. 5202, Broadway Blacr, W7 54616
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Exposing animals to this type of energy has been shown to affect their health, including
decreased milk production in cows. (Hillman, Stetzer Graham, etal)
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The didtorted 60 cycle waveform was measured between the connection pin
on the Barefoot Connections Floor Pad and connecting wire that was
plugged into the wallsocket. The readings were taken with a Fluke 196
Scopemeter, utilizing Flukeview software. The levels at the time are
1.9 volts AC Peak to Peak.

Figure 2
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A MICROSURGE METER FOR ELECTRICAL POLLUTION RESEARCH

Martin Graham
Professor Emeritus

Electrical Engineering and Computer Sciences Department
University of California, Berkeley

ABSTRACT
An inexpensive and simple to use instrument called a Microsurge Meter is
described. It produces a digital reading related to how harmful the electrical pollution is

to humans in that microenvironment.

Part 3 of 8, Additional information found TheBrainCan.com , SolomonSeries.com, and https://www.youtube.com/solomonseries



Part 3 of 8, Additional information found TheBrainCan.com , SolomonSeries.com, and https://www.youtube.com/solomonseries

A MICROSURGE METER FOR ELECTRICAL POLLUTION RESEARCH
Electrical pollution is an environmental problem in which the environment of
concem is the space within a few feet of the human. Harmful curre;lts flow through
humans without humans making direct contact with conductors. The distance between
humans and Qires in homes is small compared to the distance between humans and the
wires of the electric utility distribution systems. Since an electric field decreases rapidly
with the distance from the conductor, measurement and mitigation should concentrate on

the immediate environment, which might be referred to as a microenvironment.

Many homes have employed the mitigation techniques described in “Mitigation of
Electrical Pollution in the Home” (Appendix A). Many of the occupants of these homes
have reported a reduction of the symptoms described in “A Ubiquitous Pollutant”
(Appendix B). The improvement usually occurred within days after the installation of the
capacitors, which reduce the high frequency electric fields associated with the wiring in

their homes without reducing the 60 Hz electric fields.

High frequency transients are often referred to as surges, and information on them
and their harmful effect on electrical equipment, but not on humans, is on utility web
sites (Appendix C). Information on the source of these surges and how to mitigate them

is also on utility web sites (Appendix D).
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The instrument described in “A Ubiquitous Pollutant” measures the heating effect
of the transients. The effects of transient electrical fields on humans are related more to
their peak amplitude and is cumulative. One large transient can convert a fibrillating
heart to normal rhythm in seconds. Many small transients can have more subtle effects

which develop over a period of time, and can be life threatening.

A combined filter and peak detector designed to measure the level of pollution is
shown in Appendix E. It should cost less than $40. The total cost of the filter and peak
detector together with the associated D.C. Voltmeter should be less than $90. This
instrument can be used to determine the level of pollution at efectrical outlets in a home
and whether the pollution source is in the home or in a neighbor’s home or in the
electrical utility. When all the electrical loads in a home are turned off the pollution
reading is due to sources outside the home. Steady readings of over 400 milivolts D.C.

should be a cause for concern.

An individual can do research in electrical pollution be observing the relation of
the electrical pollution level with how they feel. The observation is most meaningful
when a large change in the electrical pollution level occurs over a short period of time.
An individval can reduce the electrical poliution from a high level to a low level using the
techniques described in “Mitigating Electrical Pollution in the Home.” Some diabetic
individuals experience a change in their monitored blood glucose levels when the

clectrical pollution level changes, and this is a recognized clinical measurement.
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THE MITIGATION OF ELECTRICAL POLLUTION IN THE HOME

Martin Graham
Professor Emeritus

Electrical Engineering and Computer Sciences Department
University of California, Berkeley

ABSTRACT

The electrical poliution that is mitigated is the electric fields produced by the
ubiquitous Marconi Transmitters present in today’s high technology environment.
Individuals should be able to determine if this mitigation in their home is beneficial to

them.
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THE MITIGATION OF ELECTRICAL POLLUTION IN THE HOME

The electrical pollution considered in this report is electrostatic fields that vary
rapidly in a random or noiselike pattern. When Guglielmo Marconi transmitted wireless
signals from Polphu, England to St. John’s, New Foundland on December 12, 1901 he
used a spark transmitter that generated fields of this type. The antenna and the ground
were connected to the spark gap. The wireless signals used today are much more orderly,
since this is the basic way to enable multiple communication channels that share a
common medium [1]. These modem signals have sinusoidal waveforms that are similar
to those in the electrical distribution systems. However, there are millions of transmitters
in the electrical power system that are the equivalent of Marconi’s transmitter, and the
power distribution wires are the antennas and grounds that couple these noiselike signals
to humans. An inexpensive band held AM radio receiver will detect these signals. Tune
the receiver to the Jowest frequency on the dial (about 500 kilohertz) which is below the
lowest frequency broadcast station, turn up the volume, and you will hear a noise. As the
receiver comes closer 1o a transmitter, the noise becomes louder. Try it near dimmer
switches at various settings, personal computer displays and keyboards, fax machines,
microwave ovens, electronic telepbones, high efficiency fluorescent lamp bulbs, video
tape recorders, and hand held hair dryers. The effects on humans depend on the path the
currents produced by these fields takes through the humans, on the sensitivity of the
individual, and on the amplitude, waveform, and duration of the fields. There is strong
evidence that these currents may cause cancers, but this report is concerned with reducing
the symptoms that humans can directly observe in themselves, such as poor short-term

memory, chronic fatigue, depression, nausea, and rashes,
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The Marconi Transmitters may be there because of the customer, or they may be

there because of the utility. Some of the transmitters belonging to the customer are

e Hair dryers

e Dimmer switches

 Electronic transformers in low voltage halogen reading lamps

¢ Loose electrical connections

s High efficiency electronic systems
Some transmitters belonging to the utility are

¢ Switches controlling the pov.;cr factor correction capacitors

¢ Tap switches on transformers for voltage regulation

¢ Deteriorated wires and connectors
There are transmitters which belong to other customers that are connected by the utility
distribution system to your house. One such case is the strobe lights located on radio
towers for aircraft warning purposes. The signals generated by these transmitters can
travel considerable distances. The electric fields produced by these noise voltages
between the power wires in a home can be reduced by lowering the impedance between
the wires. Connecting a large capacitance between the wires has been effective in many
cases in reducing the symptoms experienced by the occupants of the home. The
capacitances used in these tests were about 200 microfarads across each 120 Valt circuit
in the usual 240 Volt utility distribution system. In most cases these were installed at the
main distribution in the home by a licensed electrician. Appendix A describes how an

individual can evaluate the effectiveness of this mitigation technique on their symptoms.
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APPENDIX A

An individual can install a capacitor across the 120 Volt circuit by electrically
connecting it to a plug that is inserted into a 120 Volt electrical outlet, which is the type
used in homes for appliances such as lamps, television sets, toasters, ete. A good
arrangements for individuals is to plug in ten to twenty 20 microfarad motor run AC
capacitors into a number of different outlets. Suppliers of these capacitors can be found in
the telephone yellow pages under electric motors and/or electrical supplies. The newer
A.C. dry film capacitors in epoxy cases are better for this use by nonprofessionals than
the older style oil filled capacitors in metal cases, but either will mitigate the pollution.
The mitigation is somewhat more effective if the capacitors are plugged into outlets used
for appliances that individuals are close to for extended periods of time, such as reading
lamps, radios apd television receivers, and kitchen appliances.

Particular attention should be paid to safety.

* There should be no exposed electrical conductors.

¢ The components should be in a epclosure that prevents children from tampering
with the device.

e Whenever a capacitor is disconnected from the outlet, it may have energy stored
in it which will remain there for hours. A 27 kilohm 2 watt resistor permanently
connected directly across the 20-microfarad capacitor will remove the stored
energy within a few seconds without wasting appreciable power while the
capacitor is connected to the outlet. Some sparking may occur at the plug when

the capacitor is connected. This is normal.
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A Ubiquitous Pollutant

Martin Graham
Professor Emeritus

Electrical Engineering and Computer Sciences Department
University of California, Berkeley

ABSTRACT

High frequency voltages present on the electrical power wires in homes, offices,
schools and factories should be considered a potential pollutant. An inexpensive and

simple to use instrument is described for measuring these voltages.
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The letter of May 4, 1999 by Kenneth Olden which accompanied the NIEHS
Report on Health Effects from Exposure to Power-Line Frequency Electric and Magnetic

Fields' contains the following paragraph:

The lack of connection between the human data and the experimental data
{animal and mechanistic) severely complicates the interpretation of these results. The
human data are in the "right" species, are tied to “real fife" exposures and show some
consistency that is difficult o ignore. This assessment is tempered by the observation
that given the weak magnitude of these increased risks, some other factor or common
source of error could explain these findings. However, no consistent explanation other
than exposure to ELF-EMF has been identified.

This report suggests that the "some other factor" is high frequency currents, i.e.,
much higher frequency than the power line frequency. High frequency voltage can cause
currents to flow in humans by direct contact, or by capacitive coupling. ‘The effects on
humans will depend on-the magnitudé, waveform, duration, and path taken through the

body. The voltage causing these currents should be considered a pollutant.

The presence of a pollutant is often obscured by the presence of much larger
quantities of non-pollutants. Low level high frequency voltages are often obscured by the
large power frequency voltages, but low level high frequency voltage compared to the
power line voltage does not imply that they do not cause detrimental health effects in

humans.

It is always a problem as to where to measure a pollutant such as high frequency
electric fields. An instrument has been developed to do a very simple measurement. The

measured voltage is that present at the standard household electrical outlet. A filter
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(Figure 1) is used to remove the power line frequency and its harmonics. The remaining
voltage is applied to an RMS digital voltmeter. The frequencies that are measured are
determined by the filter and the characteristic of the meter. The FLUKE 79 III meter
responds to frequencies above 10,000 Hz. The voltage amplitude measured will be that
present on wires and electrical equipment in that home, office, school or factory.> The
amount capacitively coupled to a human will depend on many variables, but a larger
voltage at the outlet will result in larger currents in the humans. The high frequency
voltage originates in modern electrical equipment, particularly high efficiency electrical
equipment. The level of this high frequency voltage will vary with what electrical
equipment is on at that location and with the time of day, due to the varying load on the

electrical utility system which also contributes to this pollution.

Experiments are being performed to improve the design of this instrument and the

interpretation of the readings.
If the effect on humans is caused by the high frequency voltages and currents, it

would be important that the experiments with 60 Hz voltages and currents use voltages

and currents that are not contaminated with these high frequencies.
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Figure 1
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Footnotes

' NIEHS Report on Health Effects Jrom Exposure to Power-Line Frequency Electric and
Magnetic Fields, Prepared in Response to the 1992 Energy Policy Act (PL 102-486,

Section 2118), National Institute of Environmental Health Sciences, National Institutes of

Health Publicatioh No. 99-4493,

? Exploratory measurements of this voltage varied from tens of millivolts to hundreds of
millivolts. The voltage induced by a two milligauss 60 Hz magnetic field passing

through a one square meter area is less than ! millivolt.
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APPENDIX C

ALLIANT ENERGY

Energy Basics: Power

Surges
The Causes

Power surges occur when the fiow of electricity Is
interrupted, then started again, or when
something sends electricity flowing back into the
system.

Surges can range from five or ten volits when you
turn on your hair dryer to thousands of veits If
lightning strikes a transformer,

Internal power surges

More than half of household power surges are
internal. These happen dozens of times of day,
usually when devices with motors start up or
shut off, diverting electricity te and from other
appliances.

Refrigerators and air conditioners are the biggest
culprits, but smaller devices like hair dryers and
power tools can also cause probliems.

External power surges

An external power surge, stemming from outside
your home, is most commonly caused by a tree
limb touching a power line, lightning striking
utllity equipment or & small animal getting into a
transformer.

Surges can also occur when the power comes
back on after an outage, and can even come into
your home through telephone and cable TV lines.

Energy Basics: Power
Surges
The Consequences

Your home is filled with itemns susceptible to power
surges. Anything containing a microprocessor is

especially vuinerable - the tiny digital components
are so sensitive that even a 10-volt fluctuation can
disrupt proper functioning.

Microprocessors are found in hundreds of
consumer items, including TVs, cordless phones,
computers, microwaves, and even seemingly "low-
tech” large appliances like dishwashers, washing
machines and refrigerators.

Large power surges, as with a lightning strike, can
cause instantaneous damage, "frying” clrcuits
and meiting plastic and metal parts. Fortunately,
these types of power surges are rare.

Low-level power surges won't melt parts or biow
fuses, but they can cause "electronic rust,”
gradually degrading internal circultry until it
ultimately fails.

Small surges won't leave any cutward evidence, so
You may not even be aware they're happening -
even though they may occur dozens or even
hundreds of times each day.

Dld you know?

A power surge
usually lasts less
than 1/120th of a
second.
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Energy Basics: Power

Surges
The Causes

Power surges occur when the flow of electricity is
interrupted, then started again, or when
something sends electricity flowlng back into the

. system.

Surges can range from five or ten volts when you
turn on your hair dryer to thousands of voits if
lightning strikes a transformer.

Internal power surges

More than half of household power surges are
internal. These happen dozens of times of day,
usuaily when devices with motors start up or
shut off, diverting electricity to and from other
appliances,

Refrigerators and air conditioners are the biggest
culprits, but smaller devices like hair dryers and
power tools can also cause problems.

External power surges

An external power surge, stemming from outside
your home, Is most commonly caused by a tree
limb touching a power line, lightning striking
utllity equipment or a small animal getting into a
transformer.

Surges can also occur when the power comes
back on after an outage, and can even come into
your home through telephone and cable TV lines.

Energy Basics: Power

Surges
The Consequences

Your home is filted with Items susceptible to power
surges. Anything containing a microprocessor Is
especlally vulnerable - the tiny digitai components
are so sensitive that even a 10-volt fluctuation can
disrupt proper functioning.

Microprocessors are found in hundreds of
consumer ltems, including TVs, cordless phones,
computers, microwaves, and even seemingly "low-
tech" large appliances like dishwashers, washing
machlines and refrigerators.

Large power surges, as with a lightning strike, can
cause instantaneous damage, *frying” circults
and melting plastic and metal parts. Fortunately,
these types of power surges are rare.

Low-ieve! power surges won't mett parts or biow
fuses, but they can cause "electronic rust,”
gradually degrading internal circuitry until it
ultimately fails,

Small surges won't leave any outward evidence, so
YOU may not even be aware they're happening -
even though they may occur dozens or even
hundreds of times each day.

Did you know?

A power surge
usually lasts less
than 1/120th of a
second.
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Energy Basics: Power

Surges
Preventing Power Surges

The first line of defense agalnst power surges Is

prevention. While most external surges can't be
controlied, you can eliminate some common causes Did you know?
of Internal surges.

Your home may

Unplug devices you aren't using experience dozens or
even hundreds of

low-level internal
The easiest way to avold power surge problems is power surges every

to unplug devices that aren't being used. Take a day.
look around your homa, and you'll likely find
dozens of idle items plugged in.

There's no need to leave toasters, power tools or
other small appliances plugged in; if you rarely use
the programming features on your microwave or
VCR, unplug those as well.

Inadequate wiring

If you have an older home, inadequate wirlng could
be the cause. Electrical systems in homes built
before the 1980s weren't designed to handle large-
capacity refrigerators, entertainment systems and
computer equipment.

Some visible signs of inadequate wiring are
frequent blown fuses or tripped circuit breakers, or
tights that flicker or dim when the refrigerator or
ancther large appliance kicks on.

Don't ignore these symptoms - they're a signal
that something is wrong, and the problem may
become a fire hazard,

Cverloaded circuits

If your home is newer, you may have a problem
with an overicaded circult, Look for two (or more)
large appliances drawing power from the same
circult, espectally In the kitchen.

Another troublespot might be a drcult with many
smaller davices, such as a famlly room filled with
computer and entertainment equipment.

Ask your electriclan to establish dedicated clrcults
for each large appliance, and to divide rooms with
multiple devices Into separate clrcults.
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