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Fundamental study for effect of ELF electric field exposure
on human blood property I
- Detection of aggregability change in human and in vitro exposure -

AKX AET HM =R tFE ERT WT KE”
=W BFTTT OEE AR
Hisae O. SHIMIZU, Miki KANEMAKI, Masataka KITAMA, Masaji YAMASHITA

Hiroko MIURA and Shotaro WATANABE

Abstract

We have studied the human physiological change in the exposure of the extremely low frequency (ELF)
electric field. In this study, the change in the human peripheral blood flow in the field exposure has been found.
To elucidate the mechanism of this phenomenon, we investigated the possibility of the blood property change
in experiments. First, we exposed an electric field to a human subject, then examined the aggregation of the
red blood cells (RBC’s) in the blood sample under a microscope. It was found that the aggregability of the
RBC'’s increased due to the field exposure. In the analysis of the dose-response, the aggregability was found
to be strongly dependent on the magnitude of the applied electric field. To investigate this mechanism further,
we exposed an electric field directly to the blood itself on the slide glass under a microscope. The similar
change in the aggregability was observed as in the case of the human body exposure. Through these analyses,
the following possibilities were confirmed. The property change of the blood can be one of the causes of the
blood flow change in the field exposure. This change can be caused by not only the physiological change in
the human body but also the physical change of the blood itself in electric field exposure.
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Fig.1 Experimental system for electric field

exposure to human body.
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Fig.2 Time chart of measurement process for human
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Fig.3 Appearance of slide glass for blood sample

observation.
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Fig.4 Temporal change of normal and aggregated RBC'’s

ratios in sham exposure of human body.
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Fig.5 Temporal change of normal and aggregated
RBC'’s ratios in human exposure with 30 kV field-

generating voltage.
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Fig.6 Temporal change of normal and aggregated RBC’s
ratios in human exposure with 20 kV field-

generating voltage.
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Fig.7 Temporal change of normal and aggregated RBC’s
ratios in human exposure with 10 kV field-

generating voltage.
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Fig.8 Dependence of normal and aggregated RBC’s
ratios on field-generating voltage in human

exposure.
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Fig.9 Appearance of slide glass to expose electric field

to sampled blood under microscope.
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Fig.10 Time chart of measurement process for blood

sample exposure.
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Fig.11 Temporal change of normal and aggregated RBC'’s
ratios in sham exposure of blood sample.
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Fig.12 Temporal change of normal and aggregated
RBC'’s ratios in blood-sample exposure with 10

Vpp field-generating voltage.
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Fig.13 Temporal change of normal and aggregated
RBC's ratios in blood-sample exposure with 20

Vpp field-generating voltage.
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Fig.15 Dependence of normal and aggregated RBC’s

ratios on field-generating voltage in blood-

sample exposure.

5. 8HYIC

ELF BRBEDERANERKFRHAZERL, B

RIEE
1-.
L. EBRMRETZIT o=
BEICHS hRMEROEILZRHT-
LUEREBRFORE LI-EELKREICH L, ERBEEH
ZIE, HEMEREZL - TEELARBDONIZ. D
FU,
BERMEROEI S (TEML =
R5120, WOEHIEERZT, REERABEDOHZ
it &+, dose-response ZfEHT L 1-.
EMNEREICES BRALELARD I, EREBEN
FHRTHLAREELENO o T

RIZ,
It EMBMEILD XA ZFE A1
BRI, EOAARY B LT

[CHESRKEOREZILICOVTHRZED
MREFILDREE LT, MREIREILIZER
FY, AMER~DEHE
TR, #E

BREEICHEL, TRFMIROEE (TR L,

COEIEDERZEH

ZTOHRER,

CHEEDERE LTEZONHEENE

AENELDOEE
mEERIZERZE



22

BEL TOREMOELETHANT-. TOHER, AKX
BRI EEE TIEARLA, MBRDEEEIARFEIC
LT HERNEOONT-. COHERE, EREBEE
TS MEGEEMHTIEORREE LT, ARNOLER
T FTIEGE L, MEOYEMELLZOERL
LTERTELVWILEEZRETHEDOTHS. Ch
b DFERIE, ELF ERREEICHF S £ FOEEMELL
DHFRBICEELGFERZRBETIIDEEZDS
ha.

AMEICHITHEERIE, LiEEHNERZHRERS
SOERB(E 101 B)DH &, BEREICIXERIIZA >
TA—LFI Y MITREEZR/ IO, &
f=. XARICH T BHHTTRE COl BRICHDH T
EGEFBVWEZFIERET 5.

SE 3

(1) REE RERREN RREZXEFHOERYOD
BRHIFICDOULVT, 2016.

(2) ICNIRP:Guidelines for limiting exposure to

time-varying electric and magnetic fields (1 Hz

to 100 kHz), Health Physics, Vol.99, No.6,

pp-818-836, 2010.

(3) Ak ChEY) AM MhELF BRERZ|ICH S

(4)

®)

8)

ABMEEICB T S ERRRE = £ MARIC
BFH5MRELDATRENE =, EFRHREEFER,
EMCJ99-97, pp.49-53, 1999.

RHFBA HE MELF ERBZICHESE L
REZCOERMRR, EFFEREFFZEIM
MERE, EMCJI2013-135, pp.17-21, 2014.
e B0 thELF ERBEAE bOmiKMY
RIZRIFTHEICET HERHIRE, EFHER
BEFREIMARKSES, EMCJI2013-136,
pp.23-28, 2014.

A Hz MELF EFRBEFEICHES £ MR
EXEICET SERMRGA T —BER - (RERH
L& BMFEXRILDEENE —, EFFEHREREF
KEMIARIRSE, MBE2014-11, pp.111-116,
2015.

Miki Kanemaki et al.:Biological effect of ELF
electric field in blood aggregability, The 37th
Progress in Electromagnetic = Research
Symposium (PIERS), pp.1115-1118, 2016.
ffEH ZE i ANA~D ELF ERBZEEDHF
—BEMAKIZE T HREEDRIERNT &G
-, EXEHRBEEFS, EMCJII7-106, pp.47-
54, 1998.





