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The Statistical Technique for Dosimetric Meta-Analysis at in-vivo and
in-vitro Papers about Bioeffects of RF Electromagnetic Field
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Abstract

This paper proposed the estimating method of electromagnetic dosimetric reliability at in-vivo and in-vitro
experiments. For more accurate consequences of these researches, we have tried to find out any correlations among
output power, power density and specific absorption rate(SAR) with the results of in-vivo, in-vitro tests and SAR reports
of cellular phone and PDA. In the case of in-vivo tests, the power density has close statistical correlations with SAR
value and in the event of in-vitro tests, the output power has considerable statistical correlations with SAR containing
duty factor. We analysed the coefficient of determination to estimate the dosimetric uncertainty. If we use this method
before evaluating techniques of measurement and analysis at both in-vivo and in-vitro experiments, we will conduct more
accurate reliability test.
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Table 2. In vivo papers used for analysis.

A, E, HolA, 4, &, HolA,

A =EX A A =24

12 AA =52 Wy at 2 AR =EA WE dg
Zenon et al. Bioelectromagnetics vol. 21, no. 3, pp. 151-158, 2000 | Testylier et al. | Bioelectromagnetics vol. 23, no. 4, pp. 249-255, 2002
Bartsch et al. Radiation research vol. 157, no. 2, pp. 183-190, 2002 | Imaida et al. Jpn. J. Cancer Res. vol. 89, pp. 995-1002, 1998
Pemela et al. Radiation research vol. 156, no. 5, pp. 495-502, 2001 | Adey et al. Cancer Research vol. 60, pp. 1857-1863, 2000
Paivi et al. Radiation research vol. 156, no. 6, pp. 775-785, 2001 | Imaida et al. Carcinogenesis vol. 19, no. 2, pp. 311-314, 1998

l. 22, no. 11, pp. -1841,

Bernard et al. Radiation research vol. 155, no. 4, pp. 572-583, 2001 | Imaida et al. Carcinogenesis ZV(‘))O] e pp. 1837-1841
Baoming et al. | Bioelectromagnetics vol. 21, no. 1, pp. 52-56, 2000 Lai et al. Wireless Networks vol. 3, pp. 471-476, 1997
Michal et al. Bioelectromagnetics vol. 21, no. 8, pp. 566-574, 2000 | Kizilay et al. Auris Nasus Larynx vol. 30, no. 3, pp. 239-245, 2003
Carmela et al. | Radiat Environ Biophys | vol. 39, pp. 131-136, 2000 Dubreuil et al. i:i‘:;’r';:‘ml brain vol. 145, no. 1-2, pp. 51-61, 2003
Fritze et al. Acta Neuropathol vol. 94, pp. 465-470, 1997 Dasdag et al. Bioelectromagnetics vol. 24, no. 3, pp. 182-188, 2003
Giichiro et al. | Bioelectromagnetics vol. 21, no. 5, pp. 364-37L, 2000 | Nakamura et al. | RcProductive vol. 14, pp. 235240, 2000

Toxicology

. . . ioel hemi d
Hironori et al. Bioelectromagnetics vol. 24, no. 4, pp. 223-230, 2003 | Lin et al. B!oe ectroc. CIISTY A0S vol, 47, pp. 259-264, 1998
Bioenergetics

Anane et al. Bioelectromagnetics vol. 24, no. 3, pp. 211-213, 2003 Seaman et al. Physiology & Behavior | vol. 65, no. 2, pp. 263-270, 1998
Vijayalaxmi et al. | INT. J. RADIAT. BIOL ‘2’8:)‘]77’ no. T, pp. HO-HS, | o rachol et al. | Radiation research vol. 147, no. 5, pp. 631-640, 1997
. Bioelectrochemistry and
Mausset et al. | Brain Research vol. 912, pp. 3346, 2001 Salford et al. | DOCCCUOCREMISIY ANC o1 30, pp. 313-318, 1993
Bioenergics
Finnie et al. Pathology vol. 33, pp. 338-340, 2001 Higashikubo et al. | Radiation research vol. 152, no. 6, pp. 665-671, 1999
Cobb et al. Bioelectromagnetics vol. 21, no. 7, pp. 524-537, 2000 | Toler et al. Radiation research vol. 148, no. 3, pp. 227-234, 1997

Jauchem et al. | Bioelectromagnetics vol, 21, no. 3, pp. 159-166, 2000 | Chou et al. Bioelectromagnetics vol. 13, pp. 469-496, 1992

Microscopy Research

Lu et al Physiology & Behavior | vol. 65, pp. 753-761, 1999 Salford et al. and technique vol. 27, pp. 535-542, 1994
Dasdag et al. Urol Res vol. 27, pp. 219-223, 1999 Ward et al. Bioelectromagnetics vol. 3, pp. 371-383, 1982
Vijayalaxmi et al. | INT. J. RADIAT. BIOL| vol. 75, no. 1, pp. 115-120, 1999 | Ward et al. Bioelectromagnetics vol. 6, pp. 131-143, 1985

Frei et al. Bioelectromagnetics vol. 19, no. 1, pp. 20-31, 1998 Chagnaud et al. | INT.J.RADIAT.BIOL vol. 75, no. 1, pp. 111-113, 1999
Jauchem et al. | Bioelectromagnetics vol. 18, no. 4, pp. 335-338, 1997 | Szudzinski et al. | Dermatological research ;:;z 274, no. 34, pp. 303312,
Lai et al. Bioelectromagnetics vol. 18, no. 6, pp. 446-454, 1997 | Samigielski et al. | Bioelectromagnetics vol. 3, pp. 179-191, 1982
Nakamura et al, | Feproductive vol. 17, no. 3, pp. 321-326, 2003 | Elekes et al. | Bioelectromagnetics | vol. 17, pp. 246-248, 1996

Toxicology
Zook et al. International Congress | ) 1536 op. 137-139, 2002 Wu et al Bioelectromagneties | vol. 15, pp. 531-538, 1994

series

Mickley et al. Physiology & Behavior | vol. 63, no. 5, pp. 855-865, 1998 | Veyret et al. Bioelectromagnetics vol. 12, pp. 47-56, 1991

Fritze et al. Neuroscience vol. 81, no. 3, pp. 627-639, 1997 | Smialowicz et al. | Bioelectromagnetics vol. 3, pp. 467-470, 1982

Morrissey et al. | Neuroscience vol. 92, no. 4, pp. 1539-1546, 1999 | Jauchem et al. | Bioelectromagnetics vol. 19, no. 5, pp. 330-333, 1998

Swicord et al. Bioelectromagnetics vol. 20, no. 1, pp. 42-47, 1999 Mason et al. Bioelectromagnetics vol. 18, no. 3, pp. 277-283, 1997
Takahashi et al. | Cancer Research vol. 62, pp. 1956-1960, 2002 Vollrath et al. | Bioelectromagnetics vol. 18, no. 5, pp. 376-387, 1997
155, no. 2, pp. 369-377, 2001 | Wilson et al. Bioelectromagnetics vol. 23 no. 2, pp. 127-131, 2002

Jauchem et al. Radiation research vol.
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Table 3. In vitro papers used for analysis.
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A, &, oA,

Az Ad =83 Wy dx Az AR =84 WE an
Maes et al. Folia Biologica vol. 46, pp. 175-180, 2000 Maes et al. Mutation research vol. 393, pp. 151-156, 1997
d'Ambrosio et al. | Bioelectromagnetics vol. 23, no. 1, pp. 7-13, 2002 Maes et al. :;:z:t-mlogy vol. 14, no. 2, pp. 91-98, 1995
Tice et al. Bioelectromagnetics vol. 23, no. 2, pp. 113-126, 2002 | lvaschuk et al. | Bioelectromagnetics vol. 18, no. 3, pp. 223-229, 1997
:f‘m"(’po"l“ | Mutation research vol. 395, pp. 209214, 1997 Li et al. Radiation research vol. 151, pp. 710-716, 1999
Vijayalaxmi et al.| INT. J. RADIAT. BIOL | vol. 72, no. 6, pp. 751-757, 1997 |{Litovitz et al. | Bioelectromagnetics vol. 14, pp. 395-403, 1993
Vijayalaxmi et al. | Radiation research vol. 156, no. 4, pp. 430432, 2001 | Czerska et al. | Bioelectromagnetics vol. 13, pp. 247-259, 1992
Gajda et al. Bioelectromagnetics vol. 23, no. 8, pp. 592-598, 2002 | Elizabeth et al. | Radiation research vol. 126, pp. 65-72, 1991
Maes et al. Bioelectromagnetics vol. 22, no. 2, pp. 91-96, 2001 Elizabeth et al. | Radiation research vol. 117, pp. 531-537, 1989
Mashevich et al. | Bioelectromagnetics vol. 24, no. 2, pp. 82-90, 2003 Cleary et al. | Bioelectromagnetics vol. 11, pp. 47-56, 1990
Harvey et al. Cell Biology International | vol. 23, no. 11, pp. 739-748, 1999 | Dutta et al. Bioelectromagnetics vol. 5, pp. 71-78, 1984
Cleary e al. g:ﬁ:‘e:r:‘e’;:mim and | ool 39, pp. 167-173, 199 Wolke et al. | Bioelectromagnetics vol. 17, pp. 144-153, 1996
Peinnequin et al. | Bioelectrochemistry vol. 51, pp. 157-161, 2000 Somosy et al. | Scanning Microscopy vol. 7, no. 4, pp. 1255-1261, 1993
Linz et al. Bioelectromagnetics vol. 20, no. 8, pp. 497-511, 1999 | Maes et al. Bioelectromagnetics vol. 14, pp. 495-501, 1993
Cleary et al. Bioelectromagnetics vol. 18, no. 7, pp. 499-505, 1997 | Ciaravino et al.| Environmental Mutagenesis| vol. 9, pp. 393-399, 1987
Lai et al. Bioelectromagnetics vol. 18, no. 6, pp. 446-454, 1997 | Meltz et al. Radiation research vol. 110, pp. 255-266, 1987
Cain et al. Bioelectromagnetics vol. 18, no. 3, pp. 237-243, 1997 |Meltz et al. Bioelectromagnetics vol. 11, pp. 149-157, 1990

Bioelectrochemistry and

Velizarov et al. . . vol. 48, pp. 177-180, 1999 Brown et al. | Radiation research vol. 108, pp. 12-22, 1986
Bioenergetics

Cao et al. B,oelectroc.hemlsuy and vol. 37, pp. 131-140, 1995 Gandhi et al. | Radiation research vol. 28, pp. 223-234, 1989
Bioenergetics

Li et al. Radiation research vol. 156, no. 3, pp. 328-332, 200t | Somosy et al. | Scanning Microscopy vol. 5, no. 4, pp. 1145-1155, 1991

Malyapa et al. Radiation research vol. 148, no. 6, pp. 608-617, 1997 | Moros et al. Bioelectromagnetics vol. 20, no. 2, pp. 65-80, 1999

Malyapa et al. Radiation research vol. 148, no, 6, pp. 618-627, 1997 | Schimacher et al. | Bioelectromagnetics vol. 21, no. 5, pp. 338-345, 2000

Phillips et al. | Dioclectrochemistry and | Cpe 103110, 1998

Bioenergetics
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Table 4. SAR reports of FCC used for analysis.

FCC ID SAR &3 94 FCC ID SAR &4 94 FCC ID SAR &4 A
A3LSCHA612 Samsung Electronics co., Ltd., | OVFKWC-7135 Kyocera Wireless Corp A3LSPHI700 Pctest Engineering laboratory, Inc.
BEJPDA-PE2030A | Cetecom Inc. ABLSH-G1000 Celltech Labs Inc. Q300DM-QB04 | PSB Corporation Pte Ltd
GMLNPD4AW Test & Certification Center A3LSTHN395 Samsung Electronics co., Ltd., | A3LSPHI500 Pctest Engineering laboratory, Inc.

Compliance Certification

GKRPASZ74U-(ETC | P 8 NMSFALCON | Digital EMC co., Ltd., CI6DCEA6036A | Petest Engineering laboratory, Inc.
NMB8SN Intertek Testing Services P5I-SKCA ‘L‘t‘:’” Frequency Investigation | por, cogg) Met Laboratoryes, Inc.
LJPRH-20 Nokia Corporation O8FBW Celltech

B 5 0 47 24 32

Table 5. Items for research.
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2. Calorimetry 6. Computing & Modeling
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Fig. 1. SAR determination method of in-vivo and in-
vitro test.
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(a} In vivo test
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1. Waveguide 6. GTEM Cell
2. Dipole antenna 7. TEM Cell

3. Monopole antenna 8. Mobile phone
4, Loop anterna 9. Crawford Cell
5. Horn antenna 10. Not explaned

I8 2. 58 9 X A¥9MY A =3 B
Fig. 2. Exposure method of electromagnetic field at
in-vivo and in-vitro test.
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Table 6. Correlation analysis of variable factors.
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Fig. 3. Correlation analysis of factors irradiating elec-
tromagnetic field.
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Fig. 4. Fitted regression line for human phantom bet-

ween output power and CSAR.
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Fig. 5. Fitted regression line for in vitro experiment
between output power and CSAR.
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y =-0.0123 +0.8331x - 0.3444
R =80.9%

SAR (W/kg)

‘ |
0 5 10 15 0 25 D B 40
T2 YU (mwent)
J8 6. 58 A¥olA A W=9 SARY HAM
Fig. 6. Fltted regression line for in vivo experiment
between power density and SAR.
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