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A STUDY OF THE HEALTH EFFECTS AND
ELECTRIC MAGNETIC FIELDS

Kazunari AsaNUMA!, Toshihiko AGATA!, Yoshiyuki NAKAMURA?Z,
Shoji NARUSE®, Yuji Suzuki!, and Hidesuke SHIMIZU*

'Department of Public Health and Environmental Medicine,
The Jikei University School of Medicine
2Tokyo Institute of Technology
3Kyoto Prefectural University, School of Medicine

Background : Electromagnetic fields (EMF) are ubiquitous, and concerns about their
possible adverse effects have been raised.

Objectives : To clarify the relationship between health and exposure of workers exposed
to EMFs.

Method : We sent questionnaires to 3,111 members of Japanese Society for Magnetic
Resonance Medicine asking about strength of EMFs, the patterns of EMF exposure during
work, and the presence of physical and mental symptoms, such as shoulder stiffness, thirst,
nausea, appetite, senses of taste and smell, urination, skin changes, headache, attention,
sleepiness, optical and auditory disturbances, and other changes.

Results : Completed questionnaires were received from 864 members (response rate : 289,
705 males and 97 females). The mean age of male and female respondents were 42.0+7.9
years and 38.3+8.2 years respectively. Their specialities included medicine (85.9%) and
physics (3.8%). Most respondents were exposed through equipment that produced EMFs
(95%). The frequency of only “other physical or mental change” was influenced by pattern of
exposure to EMFs. No other symptoms were influenced by the pattern or strength of EMF
exposure. No associations between symptoms and EMFs were founded after adjusting for
other factors.

Conclusion : The subjective health of workers is not influenced by EMFs.

(Tokyo Jikeikai Medical Journal 2006 ; 121: 119-32)

Key words : electric magnetic field, health, symptom, leukemia, Magnetic Resonance Medicine
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FHEICB T B AFKEFIT OV T 1985 FE0 5
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iz, WHE b 3EULOEHE, ERNPHEERY
WEI D HE 5 N B4 13 Kruskal-Wallis ¥ € %,
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Friedman #5%E % 556 L 7z,
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1. EBHEGFREBEDRREFRFSE

Table 1 1ZFEHIGIERE OFLBEFNEHE D53
MR,

Table 1. Characteristics of the the subjects

Variables Categories Numbers Percents
Sex Male 705 87.91
Female 97 12.09
Marital status  Single 117 13.76
Married 705 82.94
Divorce 25 2.94
Widow 3 0.35
Child Not have 200 23.61
Have 647 76.39
Driving a car Never 78 9.09
Current 780 90.91
Having handyphone/PHS
Never 162 18.79
Current 700 81.21
Kinds of handyphone/PHS
Handy phone 494 81.38
PHS 77 12.69
Others 1 0.16
Both 35 5.77
Frequency (Hz) of handyphone
800 MHz 343 75.88
1.5 GHz 101 22.35
Others 8 1.77

PHS : personal handyphone system
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PERITIE, 570544 (87.9%), % 97 4 (12.1%)
T, VFEERIZE 420179 5%, %« 38.3+82T
botz, FEIBE, THOEE, HEHEOER, #
H#/PHS OFERY, FrEHE O /PHS OfEME
WOWTIE, Tablel /R T T EL ThS, i,
TFHOMRNLE 660 £, Zr 650 HLENR S
inoiz.,

Table 2 IZHHRE DR, FEREZHICOWVWT
AT, BHEOB L RHEMTIE WHER 24
(3.8%), EE2% 7184 (85.9%) Th -7z,

SETIMEA LB b R BEERE IR A
#iE (& NMR, MRI) 798 % (95.0%) »3#xb %
mo iz,

Table 2. Working environmental characteristics
of the subjects

Variables Categories Numbers Percents
Speciality Physics 32 3.83
Chemicals 13 1.56
Biology 11 1.32
Medicine 718 85.89
Others 62 7.42
Main mechanism systems ever used
Electron impact mass 13 1.55
spectrometry
Electronic measuring 16 1.90
assembly
Magnetic field occurring 798 95.00
mechanism
Accelerator 3 0.36
Others 10 1.19
Main machine ever used
NMR 36 12.03
MRI 601 84.06
ESR 16 2.24
Accelerator 5 0.70
Electron impact mass 1 0.14
spectrometry
Others 6 0.84
Frequency of main work
Daily 563 71.54
Not daily 224 28.46
Levels of magnetic field in working environment (Tesla)
0-0.49 91 21.72
0.5-1.49 127 30.31
1.5- 201 47.97
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Table 3. Working term and magnetic field level of
the subjects

Number Mean S.D.
Total working terms 864 100.86 87.90
(Month)
Total time & working 566 6,305.83 8,542.15

terms (Hour-month)

Total magnetic field 419 136.95  228.76

level & working terms
(Tesla-month)

SECHEALE S LE, B LlFEEOHEE
X Table 2 IZRT T &L ThH D, EERE TOMW
s, 0-0.49 7 A7 (T,1T=10,000 &~ X)
91 % (21.7%), 0.5-1.49T 127 %4 (30.3%), 1.5T-
201 % (48.0%) TH -7,

Table 3 I EBHESHIEREH O I ZEEHIARM
GRPEZERCEIAM (H), i * fEZERCEHAR
(H) (Hour-month), #—B558% * (ESEHE S
Rl (H) (T-month)) %R,
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Table 4 12tt5d, 1EEFOFFHOZEN ] 2R
7.

[BEZV DB E»ID, FERN L EERTOZE
bl iconTiE, BEO 3w 140 4 (16.3%), #
Dz 164 (1.9%) Th-olz, [DEDIGE ]
WZOWTIE, BERTLI6L(11.2%), Bx12L
w6 (0.7%) ThH-ol,

EEKNTOWTI, 2772 940.0%) Th-
7z  [ARRNCDWTIE, 272 174(2.0%), -
72104 (12%) ThH-or:.

[HREJIZDWTIE, b ->7254(06%) TH-
Joo THRE ] IZOWTIE, Eb-o>754 (06%) T
Hoiz.

[HEFRSERE | \2DWwW T, HA72 474 (5.5%),
Wo72104% (1.2%) Thoiz, [HEOFN] 1K
DWTIE, ¥z 72424 (49%) Th-oi-.

[BEJE iz DWW TiX, #2772 824 (95%), k-
7214 (01%) Th-otz, [EEH] >0 TiE,
EHhTE22608 B1%), EHFTELRWVWIH
(5.4%)ThH o7z,

Table 5 1ztt5d, 1EEFOFFHOZEAM 2 2R
7.

[HEIRAE & BfR e <, NSRS o 7 2 el

[ESN

Table 4. Physical and mental changes of the sub-
jects in working time compared with in

other time
Variables Categories Numbers Percents
Shoulder Unchanged 703 81.84
stiffness Sensitive 140 16.30
Not sensitive 16 1.86
Thirst Unchanged 757 88.13
Sensitive 96 11.18
Not sensitive 6 0.70
Nausea Unchanged 850 98.95
Increased 9 1.05
Appetite Unchanged 832 96.86
Increased 17 1.98
Decreased 10 1.16
Sense of taste Unchanged 852 99.42
Changed 5 0.58
Sense of smell  Unchanged 855 99.42
Changed 5 0.58
Fr.equt.ency of Unchanged 802 93.36
urination Increased 47 5.47
Decreased 10 1.16
Getting Unchanged 814 95.09
roughened Increased 42 491
Headache Unchanged 777 90.35
Increased 82 9.53
Decreased 1 0.12
Attention Unchanged 781 91.56
Possible 26 3.05
Impossible 46 5.39

HEWNTONTIE, BB 238 4((279%) ThH-
72, [ZO#EE | 12>wTix, Table 512K,

[ EFER IR D 20 ] 12D Ti,
HBHM1384 (16.0%) Thotz. [ZDHEE]
DWW, Table 5ITRT T EL TH 5.

[BER, PRI Y 2R U7 RS D 5
OWTIE, 2031314 (153%) Tho7z. [+
OMOEFDOZEA] DWW TIE, H2»514%4
(6.2%) TH o7z,
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Table 6 2 EHIIC R72EFHIC DO WTRT.

ME] 122w T, B <L Zok 21004
(11.7%), &L o787 (0.8%) Th-o'-.
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Table 5. Physical and mental changes of the sub-
jects in working time compared with in
other time-2

Variables Categories Numbers Percents

Sudden sleepiness unrelated to want of sleep

No 615 72.10
Yes 238 27.90
Frequency of sleepiness
Often 35 14.96
Rare 176 75.21
Very rare 23 9.83
Optical disorder
No 722 83.95
Yes 138 16.05
Frequency of optical disorder
Often 37 30.58
Rare 61 50.41
Very rare 23 19.01
Auditory or equilibrium disorder
No 727 84.73
Yes 131 15.27
Frequency of auditory or equilibrium disorder
Often 18 14.52
Rare 59 47.58
Very rare 47 37.90
Concrete instances of auditory or equilibrium disorder
Buzzing in the ear 27 21.43
Acouasm 3 2.38
Giddyness 82 65.08
Others 14 11.11
Other physical or mental change
No 769 93.78
Yes 51 6.22

[BEORFEZ L) 20T, v
125 % (14.6%), WW 215894 (68.7%) =T
Hole [ NaDmIZMEZE L IzOonTIE,
FWAS 5544 (6.49%), Wz 3250 44 (29.19%) 7=
EThoTz.,

(MEEENPT L BoTEE L IkDonT
i, 1w 34014 (47.0%), Wz 3453 %
(53.0%) TH -7z, [fHEKE LT, ERIC»H» 2 &
SR EWHY E LIz liIcOonTIE, Table6 12
RTTELTHS,

HIB T 058 123

4. WEGSARE, EXRER), BESEEO B BN, 3
BEM & EEPDFRAZEL, RPNEHEZE
1t

Table 7 IZfFEREL T OWSGRE (7 A 7 HAL)

L HERER, ETOERICOWTORT.
WEGBREE & RERER 2 D W T, R 0-
0.49T T, V9 ¥R 45.6 £8.2 1%, 0.5-1.49T
T, 420867, 15.T-T, 40673 L 3BT
BEEMBR SN (p<0.001). BEEELETFD
RN DWW T, WESHE 0-0.49T T, 17.0+ 8.8
%, 0.5---1.49T T, 13.9+83 5%, 15.T-T, 11.7+
16K E SWTHEEENR SN (9p<0.001).
Table 8 12 MEH & FhpsAn (10 i) 1@ow
TRd., FWAOMCEBLENR SN (p=
0.0002). %7z, FHFEFAHRO Z &< (420
%, 383 Thoi.
Table 9 2 VE¥EBESE TORBEIEEE (5 A T Hifi])
EWRIDOWTRT,

VESEBRE T ORERE Q8 cMRl>WwTixE
BEEA AN T2,

F I VEEBRE CORYRE (3B, 2#f, Table
1 ), VESE0CELR, Ko, BEOESE O HE A,
FEHEM EEPOFRFEZEL (BZD, ODEDE
&, &R, B, WH, W, POREE, KN
O, FEFERY), REETRZ(GLE, fRE
WU, IO R YY) L TREELM
HO RSN LHEE IWSEEO HEYE, FEHEE
L2 DOMMOBHHELD AT, WBIEEZHERIC
ToHCZOMOBEFLLD Y 1 82% &, FEH
HWEEE D 2.8% L V% »n-7- (Fisher's-exact
test »=0.0085) (Table 10).

5. FRANEIL L HHISRIEICEST 2 2L/

F72, M, FERTHIEL LT, RS R
FERUL OB %, LR BT (B Y AT 4 v 7
ETN) TR LIRERETE, [BIVOB S,
D, VEZERFEIS & bR TDOZEAL I D™ T ORGSR
EoA v XHIZ 0.953 (95% {EHEX M 0.806-1.127
$=05707), [HEXEIcDOWTDA v i 1.117
(95% {ZHEX[E 0.524-2.383 p=0.7742), [HEARA
B EBRE LG TFBRRLS o7 2 085 %I
DWTDOF v X HiF 1.158 (95% (EHE X [0.939-
1.428 p=0.4238), [Z O EFADZEL]IZ DWW
TOF v i 1.312 (95% (SHEXE 0.773-2.226
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Table 6. Physical and mental changes of the subjects in long term life

Variables Categories Numbers Percents
Blood pressure Unchanged 748 87.49
Increased 100 11.70
Decreased 7 0.82
Original blood pressure Hypertension 88 10.30
Hypotension 92 10.77
Normotension 674 78.92
Increase of alcohol Yes 125 14.59
No 589 68.73
Experienced 20 2.33
Never 123 14.35
Increase of tobacco Yes 55 6.41
No 250 29.14
Experienced 121 14.10
Never 432 50.35
Becoming forgetful Yes 401 46.96
No 453 53.04
Becoming not easy to learn Yes 422 49.82
No 425 50.18
Consulting a doctor Never 656 76.91
Hospitalized 49 5.74
Long term outpatient 17 1.99
Sometimes 110 12.90
Vaguely uncomfortable 21 2.46

Table 7. Levels of magnetic field and various ages

Table 8. Number of subjects by age group and sex

Level 20--  30- 40— 50— 60- Total
(Tesla) N Mean S.D. P
Male 28 273 297 84 19 701
Age at survey  0-0.49 90 4563 822 <0.001 351 3495 376 1054 238 87.95
0.5-1.49 124 4199 8.6l 399 3894 4237 1198 271
L5 199 40.60  7.27 7179 8426 91.95 94.38 86.36
Age of eldest  0-0.49 72 17.00 8.77 <0.001 Female 11 51 % 5 3 96
child
05-1.49 83 13.90 8.35 138 640 326 063 038 12.05
L5~ 139 1170 7.58 1146 5313 27.08 521 313
2821 1574 805 562 13.64
Total 39 324 323 89 22 797
489 4065 4053 1117 276  100.00

(»=0.0002)
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Table9. Number of subjects by Levels (T) of
magnetic field in working environment

(Tesla, 3 categories) and sex
0-0.49 0.5-1.49 1.5- Total
Male 77 105 154 336
20.00 27.27 40.00 87.27

22.92 31.25 45.83

91.67 88.98 84.15
Female 7 13 29 49
1.82 3.38 7.53 12.73

14.29 26.53 59.18

8.33 11.02 15.85
Total 84 118 183 385
21.82 30.65 47.53 100.00

(p=0.1851)

Table 10. Number of subjects by frequency of
EMF work and presence of other mental
and physical symptom

Daily Not Daily Total

491 206 697

Absent 65.73 27.58 93.31
70.44 29.56
91.78 97.17

44 6 50

Present 5.89 0.80 6.69
88.00 12.00
8.22 2.83

Total 535 212 747

71.62 28.38 100.00

(Fisher’s-exact test p=0.0085)
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