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On the Biological Effects of Earth's Environment
—Biological Effects of Magnetic Fields including Geomagnetic Field—

LHBERFEFE BHEE
Nagoya University Shuji Fukui
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ERE

[t is reasonably noticed that all organism are in activity reacting actively or pas-
sively upon every physical and chemical environment on the earth. The experimen-
tal results of the biological effects of the magnetic fields are presented as an
example of a studying method to find the reaction of the organism against each

physical or chemical environment.
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1. I

AR A GRAE DRI F 0 RGEEAE S LTHTRE LS 250 Bk olpmas .
LFEFEREDOL ETIEL T 5, EREOZNFWOBEDREESBEDE S O
Iz & o TRBEBTH DL PIIGD L2 VS, BERTRELDE . HEH 2
Hormesis& LTEAL T2 b ne, BEEZEZ THoTIETLLIVLDE, kA
EER A, .

720 THOORBIIMI L CEKREBEERLZ LTWA3 0, MMM additive, 3 725
B8 superimposing 12, & A VI TN synergistic ICEEE 52 T2 LD HREL T&
Ho MNIZLTH, BRIHEOHBREOSTOBBEOHEKED L L TINL LHTL
TWAHEEZLRETHA,

IIT, MEE - LFERRLARLOBRIIOVTEHL, BICHB S OME(EH 2R
NIEBEr D, HEBEOERANOEEEMET LI LTREEEEDNL FEYBET S,



2. HEEREEEE OMBR—EEHEKEOEINT B EEKO R E—

ERCHEREORBERELZLOMD NI, FEZLTHEFKIIFLTESEL TV 2L 0
EF D, FDMbNIZIE, AROMEHCERIIC positive b2 4D &, BRI
ZEDER &L LT negative 128 2 BSEKIZZOBIBEZICIENT S = & TIEME 2
L BRELTEKRIILELRVDW S Hormesis" & LTIEALTW A LD ENS L L%
2, BREOBEZRV TN ENMIICERICBEL S 2 Thah, HNEs, HEY).
EETLOBL TRV, 22 TREFRFNAMIICEEL 52 240D E4 2,

HLEROBEDHBKE R, Db & TEKIEZDMEKE B TR L TEKRTHE
EEELTVLD, 20T EOREEHEERE LTWALELILNE, TOWELERE
BIIHMEEEOKRE X %2F, 95, E, &F IZEERRTESIREIZS Y. 1| >0ORE
BRIZGLAERZ LW LICHELCnb &T5, 2O F, REFOBREOEMREL LT
Ly,

REVFEAT AL &, EREIHIREZMF L LS & LCAKRBEBEIC LY st 2, =
ST BRI X A A RAOERIL D . BB TR VA 2 RN TS B Z54L
by BLEIICHDES . 2F D, WEOBICLY, Lo, AR EHE S 5
ET B, Fo, ERHOMLTEIRT 25, FOEMITE bRV 21245,

2.A REBEKENEINT LS

REBEACH T 2E B0 S E TSI TIITRIEOB S, BEOKREKEL SO TE
BET->Tw0h, ZOBESEGAOEMTRE (5T, AEBESREIC LR g
LEIETB0, 5525 AEE, 2 HEMENBLLTY CFigl LORTHE L. Bk
X DEMEDE LB AEIE LR TRA LW < Hormesis AR 2RI Figl 2084 &
BEZLND,

N DGE, REMBEKEDER O BEBN LB ERELANL L VIR CIIEER
THAHY, EFENOEGILEREREIC LV BRI N TEBOFHAEBEO RS M5
ZEIIHETREVWAEEI RS,

2.8 BURSEKENES T 2 HE

HERROMISIE, ZOBE S ERITHEEEL@A-2725 5 5, BEKED D 2 #H
T linear IZRICT AL ERTIWEA ), 512, REREKESTAY 01200 B,
EARNDEALIE linear 1A L TO DEAIET B A Fig2 1, 21 E, 75 Fid
linear L D FHIRFME 0T, HAMEF, &2 ABETFig22, A B 205 F i linear X
NITIFDEDTETY }%fﬁgﬁﬁﬁiﬂ&;@%%@’f‘ﬁ%%l%giﬁﬁﬁ< 2% D EAE RS
(B0 EFiged BEZLNRD,

Fig2-4 & Fig25 iéﬁmf“@”‘flﬁa‘éZWWHBE{"E}%@’ ZALDS linear TH 5 VSR FUZIG]
“%&V%@T\Fg 4L Fig22 DHBIMELEEE SR TV AREOER Y 1 072
TTEZWEEZ LNRZ . Fig25 OBEIL Fig2 3 OBAICHIE L TWT, BEOHEEK
EPHDLRELE, TEEFELNETEZLIONS ., ZOBA, EEIEEEED D
CIDEE L Z%?—: LTWAELDEZEZARETHD ). BEOBEKENSTIELE &I

_._9._



Fb IS I

ol
|

! |
! i i
] \ (
{ | 1
' ! I
i X |
i : |
| ! i
i ! |
: = ’ = g
Eo E*“\ & Eo h

Fig.l The biological response, F, against an increasing level, E, of an environmental condition. (1) The case of 2
biological defense mechanism. (2) The case of the Hormesis.
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Fig.2 The biological response, F. against a decreasing level, E, of an environmental condition. (1) The zero-linear
response. (2) The response reaching to a constant value, F,. (3) The decreasing response from a level of E,,. (+) The no-
7ero hinear response reaching to F . (3) The no-zero response falling to zero of F at a certain level of E.
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Fig.3. Diagram illustrating magnetically shielded ova and larvae, and the control amphibia outside the
shielded room (right side of figure). Both groups were in a temperature-controlled environment.
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Fig. 4. Histogram depicting percentages of embryos with developmental abnormalities, Ist day post-
exposure, for magnetically shielded and control groups, based on developmental stage at time of expo-
sure. The star indicates a significant difference (P < .01, chi square test) between exposed and control
groups. The solid bars represent data for magretically shielded embryos, and the open bars represent data
for control embryos.
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Fig. 5. Histogram of data as shown in previous figure, but for embryos allowed to develop for 20 days
after growth in 2 magnetically shielded enclosure (solid bars). Open bars = control. Stars indicate
difference between groups significant at P < .0S.

(Figs3,4.and 5 Source: Asashima et al.”]



Fig. £. Several types of developmental abnormalities were observed only in magnetically shielded larvae

at 20 days post-exposure, including a gastroschisis-like condition (B; dorsal aspect) and bi-headed

embryos (C). Arrows indicate abnormalities. A control, normal newt larva is shown at A. X 8.8.
{Source: Asashima et al.”]

Fig.77. Tlustration of intestinal protrusion (gastroschisis-like defect) in the ventral aspect of a magnet-

ically shielded newt larva. x10.5. [Source: Asashima et al.”*"]

Fig. £ Another type of developmental abnormality observed in rpag,ncticyally shielded larvae was spinal
curvature (scoliosis-like condition). X 10.0. [Source: Asashima ot al.»




Fig9 Trradiate spicules at the late-gastrula stage observed by a polarization microscope at 46 hrs after fertilization. )
Photo A is taken from the eggs cultured in the rectangular box which was constructed with high magnetic permeability
metal. The measured intensity of the magneitc field in the box is SuT. Photo B is taken from the eggs t{ulturetjl in the
brass box {control 1) and Photo C is taken from the eggs cultured on the desk (control 2). The measured intensity of the
magnetic fields of control 1 and 2 is 30uT. [Source: Ishikawa and Fukui']
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Fig. 10 The effects of magnetic fields on the growth of triradiate spicules in Hemicentroius puleherrimus . @: In the
eggs cultured in the normal room (control). The measured inteasity of the magnetic field is 38uT. ©: In the eggs

cultured in the rectangular box which was constructed with high magnetic permeability metal. The measured intensity of
the magentic field in the box is 5uT. [Source: Numa'™)]
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