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Observations on Motility of Rabbit in Exposure
to 2.5 V/m Electric Field in Water

by Eiki YAMANO* and Tatsuo MOTOYAMA*

Abstract; The electric shock accident is also possible for divers, since electricity is used in under-
water work. In the accident, if a diver is motile (able to move voluntarily), he will be able to
swim out of danger by himself.

This paper, which is supplementary to the last (1989), reports observations on the motility
of rabbits and the degree of shock effects in the exposure for 100 min to the electric field of 2.5
V/m in water. The 2.5 V/m is a limit for no stiffness which was set in a previous investigation
and we supposed that the limit might also allow voluntary motion. In this experiment, it was
intended to prove that 2.5 V/m could be used as an allowable limit for motility.

In the 1st pattern of tests, a rabbit was bound on a stand to observe respiration and ECG
(discretely). And in the 2nd pattern, a rabbit was free and able to walk on the bottom. The
electric field was uniform and the commercial a.c. of 50 Hz. Water in test tank was 3.5% salt
water, with a temperature of 30°C and a conductivity of 6 S/m.

From the observations, we found the following results.

(1) Relative frequency to be motile is considerably great in 2.5 V/m. However, convulsions
(extensions) of forelegs were observed in 1 test out of 28 tests. The rabbit recovered motility
after all convulsions in several minutes. The value of 2.5 V/m is not considered to be proper for
motile limit.

(2) Tt is cosidered that the electric field of 2.5 V/m has no lethal effect, excluding the
secondary effects of convulsion such as a drowning.

(3) Convulsion in hind legs occurs with high probability in the electric field of 5.3 V/m.
The rabbits, however, bent legs again in many cases. The rabbits were not killed in the exposure
because they were bound and protected from drowning.

(4) Low temperature water (e.g. 10°C) is harmful to not only motility but also respiration
and heart beat.

Keywords; Electric Shock, Underwater Electric Shock, Motility, Voluntary Motion, Divers’ Safety,
Underwater Work, Industrial Safety '
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Table 1 Conditions on bound rabbit exposures
EERRIET &G (VHXEENES)
BAl ~ 7 (2.5 V/m, 100 min)*!
Test No. BB1 ~ 5 (5.3 V/m, 100 min)
BN1 ~ 3 (0 V/m, 100 min)
Parameter Average Range N~*2
+ s.d.
Temperature of
+ —_—
water (°C) 289 £ 0.6 | 28.0 ~ 30.0 | 30
Conductivity
+ —~
of water (S/m) 5.90 = 0.11 | 5.60 ~ 6.10 | 30
Depth (cm) 47.1 + 1.02 | 45.7 ~ 49.0 | 15
Weight of
.16 = 0. .05 ~ 4.
rabbit, (kg) 3.16 £ 0.59 | 205 ~ 4.1 | 15
Interval between
tests on the 54.7 + 45.2 11 ~ 132 11
same rabbit (d)

*1 Duration : 100 min in general, 200 min in
the tests BA6, BA7 and BN3. 75 min in BA4
exceptionally, because of trouble.

*2 N: Number of measurements.

*3 Number of animals: 6. d: day
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Table 2 Results of bound rabbit exposures to electric field in water
BEEshAVHXOREHBROBE
Test No. presenting the reaction of
Field
intensity Struggle Tremble Convulsion Trouble
Ew (V/m) of trunk of legs in test
2.5 BA1 ~ 7 BALl ~ 7 BA5*! BA4*3
5.3 BBl ~ 5 BB1 ~ 5 BB1 ~ 5*2 —
0 BN1L ~ 3 BN1 ~ 3 — BN1, BN3*4
*1 Extensions of forelegs after struggle, recovered. A cut was on the chest
skin.
*2 Extensions of hind legs, recovered.
*3 Decrease in breething rate and heart rate, because of the water entered
airway.
*4 Temporary decrease in breething rate and heart rate, because of the
water entered airway.
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Breathing rates of bound rabbits in different electric fields
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Table 3 Conditions on free rabbit exposures
SEFRCET IR (VHXERRDOES
Test No. FAl ~ FA21 FN1 ~ FN15
(2.5 V/m, 100 min) (0 V/m, 100 min)
Parameter Averate + s.d. N Average * s.d. N
(Range) (Range)

Temperature of 30.8 + 2.3 42 304 £ 2.6 30

water (°C) (26.2 ~ 35.3) (26.9 ~ 36.4)
Conductivity 5.92 + 0.31 42 5.81 & 0.69 30

of water (S/m) (5.10 ~ 6.38) (3.58 ~ 7.40)
Depth (cm) 14.6 £ 0.5 21 14.3 + 0.4 15

Weight of 4 :
+ 0. .20 ~ 0.
rabbit (kg) 3.50 = 0.62 21 3.20 ~ 0.51 15
Observed field .
+ —_ —_—
intensity (V/m) 2.51 + 0.02 260
*1 N: Number of measurements.
*2  Number of animals: 9
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Table 4 Results of free rabbit exposures to electric field in water
HROLEVIYEORBRROBE—EHFOBRRSALRBROARE—
— ]
Relative frequency of the tests presenting the reaction of
Field A) Turn | B) Beat | C) Stand | D) Stand | E) F) G) Noise | H)
intensity around on on with Jump Tremble in Convulsion
Eyw trunk water hind legs | forelegs of body respira- of legs
surface on wall tion
2.5 V/m 100 (%) 95 95 95 29 100 81 0
(FA1 ~ 21)
0V/m 100 (%) 87 87 27 100 93 0
(FN1 ~ 15)
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