J. Toxicol. Pub. Health
Vol. 17, No. 4, pp. 279-286, 2001

SD SHEof dlf - EHXPRI-MO CHEF 60 Hz BXIA| Qe

BETH - AFE - FAZ AR 0B Y
FRYFATY PLAITFAE, VWA, FAH Y

Effects of 60 Hz Horizontally Polarized Magnetic Fields on Embryo-fetal
Development in SD Rats

Moon-Koo Chung*, Jong-Choon Kim, Sung-Ho Myung', Sang-Bum Kim® and Dong-11 Lee?

Reproductive Toxicology Division, Toxicology Research Center, Korea Research
Institute of Chemical Technology, Daejeon 305-600, Korea
'Power Systems Research Division, Electrical Environment Teamn, Korea
Electrotechnology Research Institute, Changwon 641-600, Korea
*Power System Laboratory, Korea Electric Power Research Institute, Korea
Electric Power Corporation, Daejeon 305-380, Korea
(Received)
(Accepted)

ABSTRACT : Recently, there is an increasing nationwide concern in Korea that exposure to electric and
magnetic fields in the home environment may not be safe in humans. To identify possible effects of horizon-
tally polarized magnetic fields (MF) exposure on embryo-fetal development, timed-mated female Sprague-
Dauwley rats (24/group) received continuous exposure to 60 Hz MF at field strengths of 0 Gauss (sham con-
trol), 50 mG, 833 mG, or 5000 mG. Dams received MF or sham exposures _for 22 hr/day on gestation days 6
through 20. Experimentally generated MF were monitored continuously throughout the study. There was no
evidence of maternal toxicity or developmental toxicity in any MF-exposed groups. Mean maternal body
weight, organ weights, and gross_findings in groups exposed to MF did not differ from those in sham control.
No significant differences in fetal deaths, fetal body weight, and placental weight were observed between
MF-exposed groups and sham control. External, visceral, and skeletal examination of fetuses dermonstrated
no significant differences in the incidence of fetal malformations between MF-exposed and sham control
groups. In conclusion, exposure of pregnant Sprague-Dawley rats to 60 Hz at MF strengths up to 5000 mG
during gestation day 6-20 did not produce any biologically significant effect in either dams or fetuses.
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Fig. 1. Design and picture of magnetic exposure facility.

Table 1. Optimal current ratio and position of inner coil (position of
outer coil H =0.9 m, Jouter =1 A)

Reference component

Magnetic field (B)
Current ratio (I e/ Touer) 04273
Based on Position of inner coil (h) 02331 m
B component Average 10.1 mG
Value
STD 0.0266 mG

< 1000 mGE AR5} Z} YA E 2 22 slglv}. Table 2
9 AFE By XE w¥ke 2 160 cm~-60 c7FAl 3%
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Table 2. Measurement value of magnetic field uniformity at 1 G

Distance Direction of axis
[cm] X Error[%] Y  Ermror[%] Z

70 966 34 995 0.5 - -
60 - 980 20 1001 0.1 1001 0.0
50 989 1.1 1001 0.1 1004 0.3
40 995 0.5 1001 0.1 1008 0.7
30 1001 . 0.1 1000 0.0 1004 0.3
20 1001 0.1 1004 0.4 1004 0.3
10 1001 0.1 1001 0.1 1004 0.3
0 1000 0.0 1000 0.0 1001 0.0
-10 1001 0.1 1001 0.1 - -
-20 1001 0.1 1001 0.1
-30 995 0.5 1004 0.4
-40 992 0.8 1001 0.1
-50 982 1.8 1001 0.1
-60 973 2.7 1001 0.1
-70 950 5.0 985 15

Error [%]
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Fig. 2. Mean body weight of dams.
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Table 3. Effect of MF exposure on absolute and relative organ weights of dams

DOSE: (mg) Control 50 833 5000
No. of animals 19 23 23 23
Body weight (g) 417.6+30.19 411.1+30.80 418.7+22.02 411.4+£22.10
Brain (g) 1.894+0.0791 1.857+0.0829 1.839+0.0730 1.906+0.0723
per B.W. (%) 0.456+0.0354 0.454+0.0350 0.440+0.0308 0.465+0.0299
Adrenal gland-left (g) 0.038+0.0081 0.035+0.0057 0.037+0.0059 0.040+0.0055
per B.W. (%) 0.009+0.0020 0.009+0.0015 0.009+0.0013 0.010+0.0014
Adrenal gland-right (g) 0.037+0.0065 0.033+0.0043 0.034+0.0055 0.036+0.0049
per BW. (%) 0.009+0.0015 0.008+0.0011 0.008+0.0012 0.009+0.0014
Liver (g) 17.216x1.4566 16.592+1.4772 16.770+1.0594 16.896+1.2461
per B.W. (%) 4.121+0.1289 4.035+0.1491 4.007+0.1831 4.108+0.2247
Spleen (g) 0.714+0.1409 0.747+0.2172 0.724+0.0842 0.750+0.0729
per B.W. (%) 0.170+0.0259 0.181+0.0469 0.173+0.0197 0.182+0.0174
Kidney-left (g) 1.014+0.0920 0.982+0.0962 0.979+0.0552 1.025+0.0971
per B.W. (%) 0.244+0.0235 0.239+0.0196 0.234+0.0159 0.249+0.0207
Kidney-right (g) 1.017+0.0945 1.000+0.0869 0.978+0.0695 1.021+0.0885
per B.W. (%) 0.244+0.0250 0.244+0.0199 0.234+0.0171 0.248+0.0187
Heart (g) 1.120+0.1774 1.068+0.0982 1.056+0.0766 1.107+0.0800
per B.W. (%) 0.269+0.0494 0.260+0.0204 0.252+0.0173 0.269+0.0194
Ovary-left (g) 0.065+0.0153 0.059+0.0086 0.061+0.0135 0.061+0.0158
per B.W. (%) 0.016+0.0037 0.014+0.0025 0.015+0.0031 0.015+0.0035
Ovary-right (g) 0.059+0.0096 0.061+0.0131 0.062+0.0129 0.068+0.0140
per BW. (%) 0.014+0.0024 0.015+0.0034 0.015+0.0031 0.017+0.0038
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Table 4. Effect of MF on caesarean section data of dams
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oA} w)AE) (enlargement of spleeny’} 13 HAEFUE
¥ 39k x=EFeME Selave] WAHA] Wt
A AP Fe: 2F5E Al 2084 A &
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2. EfXF1)0l CHEE HE

AFANEA: APENA] ZAH BA, A, I

DOSE : (mg) Control 50 833 5000
No. of pregnant animals 19 23 23 23
Corpora lutea (Mean+S.D.) 16.6£3.1 15.7£2.6 17.0£2.4 16.7+2.3
Implantations (Mean+S.D.) 144134 13.4+3.1 15.4+1.9 15.1£2.9
% to corpora lutea (Mean+S.D.) 86.0+£13.6 84.1+12.6 90.9+5.2 90.2+13.2

Fetal deaths 9 11 17 20

(resorptions+dead fetuses)

Resorptions 8 11 7 20
Early 7 11 5 19
Late 1 0 2 1

Dead fetuses 1 0 0 0

Live fetuses
Male/Female 148/116 144/153 163/175 161/167
Litter size (Mean+S.D.) 13.9+3.7 129433 14.7+1.9 14329
% to implantation (Mean+S.D.) 95.8+8.1 96.0+6.1 95.3+6.1 94.4+7.2

Sex Ratio (Male/Female) 1.26 0.94 0.93 0.96

Body weight of live fetuses
Male (Mean+S.D.) 3.7£0.2 3.6+0.2 3.6+0.2 3.6+0.2
Female (Mean+S.D.) 3.6+0.2 3.420.2* 3.4+0.2* 3.4+0.2%

Placental weight (Mean+S.D.) 0.5+0.1 0.5+0.1 0.5+0.1 0.5+0.1

No. of fetuses with
external anomalies (%) 1(0.41)° 0 0 1(0.3)”

“Short tail, PFused placenta.* indicates significant difference at p < 0.05 level when compared with the control group.

Table 5. Effect of magnetic field exposure on visceral findings in fetuses

DOSE : (mg) Control 50 8335000
No. of pregnant animals 19 23 23 23
Fetuses examined 128 144 162 157
Fetuses with malformations (%) 0 0 0 0
Litters affected (%) 0 0 0 0
Fetuses with variations (%) 22(17.2) 13( 9.0)* 14( 8.6)* 6( 3.8)**
Litters affected (%) 12(63.2) 11(47.8) 10(43.5) 5(21.7)
Dilated renal pelvis 3 1 0 0
Dilated ureter 18 10 12 Sk*
Thymic remnant in the neck 5 3 2 1

* and ** indicate significant difference at p < 0.05 and p <0.01 levels, respectively, when compared with the control group.
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wod i, I3 E Fol| obebA] 7)3 (malformation), o]

Table 6. Effect of magnetic field exposure on skeletal findings in fetuses

(variation) ¥ F3HX|d (retardation) e 2 TEETh 4l
204 Aol 23 efAte] FAZAMA] sham controlol| A
= W5k (short 13th rib)[Z13 PF 18(0.7%), ©8&=
(short supernumerary rib)e]]e] 58] (1.9%), L2]al o] &
§55A (bipartite ossification of thoracic centrum), °o}¥
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AAPt 2781(23.4%) FEAFUT. 50 mG kST
SIS PE 130.7%), D250 0] 48](2.5%),
a3 o] RFFFA, YT, HASAEFERA
(hemicentric thoracic centrum) ¥ *|F2] E-<H4-F3}(in-
complete ossification of pubis)[FEA AP} 213 (25.8%)
el 833 mG xEFolMe 28s ¥ JE5E
(wavy rib)[o]Je] 58](6.0%), 12]al o) B-FF3A), o}
HEFFA, FRE, AFFT © X3 BgAI T
APt 2631 (25.9%) FEHNS. E3F 5000 mG =F
TolMe BEEHEPIEPL 1#(0.6%), L5 Hel 0]
78 (4.2%), 2B T o) BFFFA, o}HPFFFA, T4
=, AFFE 2 A EAEsH IR Y 289
(33.6%) LA,

DOSE : (mg) Control 50 833 5000
No. of dams 19 23 23 23
Fetuses (litters) examined 136 153 176 172
Fetuses with malformations (%) 1(0.7) 1(0.7) 0 1(0.6)
Litters affected (%) 1(5.3) 1(4.3) 0 1(4.3)
Short 13th rib 1 1 0 1
Fetuses with variations (%) 5(1.9) 4(25) 5(6.0) 7(42)
Litters affected (%) 3(15.8) 4(17.4) 4(174) 4(17.4)
Short supernumerary rib 5 4 4 7
Wavy rib 0 0 1 0
Fetuses with retardations (%) 27(23.4) 21(25.8) 26 (25.9) 28(33.6)
Litters affected (%) 11 (57.9) 13 (56.5) 15(65.2) 12 (52.2)
Bipartite ossification of thoracic centrum 5 8 6 3
Dumbbell ossification of lumbar centrum 0 0 0 0
Dumbbell ossification of thoracic centrum 21 12 15 21
Hemicentric thoracic centrum 0 1 0 0
Incomplete ossification of pubis 2 1 3 4
Incomplete ossification of supraoccipital 0 0 1 1
Incomplete ossification of interparietal 0 0 1 1
No. of ossification centers (mean+SD)
Sternebrae 4.7x0.78 4.4£0.47 4.5+0.32 4.6+0.45
Metacarpals in both forelimbs 6.5+0.69 6.5+0.70 6.2+0.47 6.2+0.30
First phalanges in both forelimbs 0.0+0.02 0.0+0.21 0.0+0.00 0.0+0.02
Metatarsals in both hindlimbs 8.0+£0.09 8.00.10 7.8+0.83 8.0+0.00
First phalanges in both hindlimbs 0.0 0.0 0.0 0.6+1.54
Cervical vertebrae 0.0+0.04 0.0+0.12 0.0+0.06 0.0
Sacral and caudal vertebrae 7.6+0.48 7.5£0.50 7.5+0.39 7.5+£0.43
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