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Level of Electric Shock in the Water Causing
the Stiffness of Hind legs to Rabbits

Eiki YAMANO, Tatsuo MOTOYAMA, Yasuyuki TABATA

Workings in the waters are increasing today and the applications of electric power to these workings
are also increasing. These situations may preparé the chance of electric shock for the workers. This
paper reports on an investigation of the electric shock hazard in the water. '

The experiment was conducted in the rabbit to find the level of electric shock which causes the
stiffness of hind legs in the water. The 3.5% saline water was filled in rectangular  plexiglas tank
which had parallel plate electrodes, and the rabbit was placed at the center of the water surface.
The applied electric shock was 50 Hz sinusoidal wave and 10 s in duration.

The results of the investigation are as follows.

1) A useful parameter of underwater electric shock is the intensity of electric field in the water,
which is found at the position that may be occupied by a living body, however the living body is not
there yet.

2) The field intensity of about 8.5 V/m on the average gave rise to the stiffness of hind legs to
- rabbits in the water having a conductivity of about 5 S/m. ‘

3) The current density of about 44 A/vf on the average gave rise to the stiffness of hind‘ legs to
rabbits in the water having a conductivity of about § S/m. (The current density affecting to the rab-
bit highly depends on the water conductivity.) »

4) If the field intensity in the water is not greater than 2.5 V/m and the conductivityis not greater
than § S/m, it will be able to neglect the probability that the stiffness of hind legs will occur.

The field intensity of 2.5 V/m (rms) may be considered as the limit under which no stiffness occurs,
within the limits of conditions as follows, similar to the experimental conditions.

a) There is a large bypass of water for the current, greater than 10 times in cross-section area,
in comparison with a living body.

b) A living body is apart from the energized part (casing, line, ete.).

¢) Shock duration is less than about 10 s.

d) The domain where the field intensity may exceed the limit is not so small.

e) Shocks by the commercial AC power, or the sinusoidal field having a frequency within the range
from 20 Hz to 100 Hz. ' ‘
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3.1.1

Results of experiment tried on electric shocks in the water. Values in the table show the averages of

minimum values causing a reaction counted as stiffness of hindlegs in the rabbit.

ThigE 4 EZ TEROERER ()

Position of steel net z (cm) [} D 47.5 27.5 10.5
Conductivity of water x (S/m) 5.16(0.16) 5.13 4.67 5.17
Depth of water (cm) 49.3(0.3 ) 49.7 49.4 49.8
Temperature of water () 30.3(1.3 ) 31.2 30.3 31.0
Weight of rabbit (kg) 2.13(0.28) 2.07 2.17 2.54
Applied voltage Vs(V) 17.5(2.0) 19.1 25.9 30.7
Current Is(A) 24.0(3.1) 32.5 45.8 55.9
Potential difference in animal Vb(V) 2.29(0.23) 2.41 2.81 1.81
Field intensity Vs/l 10.2(1.2) 11.0 14.9 17.7
(V/m) Ep 8.49(1.5) 9.64 10.3 8.78
Vb/d 8.61(1.1) 9.07 11.3 6.60
Current density Is/Sp 52.1(6.0) 70.1 98.9 121
(A/nt) x- Ep 43.6(7.6) 49.7 47.3 455
Frequency of measurement N 232 10 10 10

1) Value shown in (

) is standard deviation of each parameter at x=o0,

2) Some parameters have 26 measured values. The parameters Vb and Vb/d have

only 5 values.

! =1.72m (distance between electrodes), d =distance between detecting electrodes,

S =0. 463t {cross-section area)
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Fig.6 Cumulative distribution of the field intensity
under the rabbit giving rise to the stiffness.
The intensity was obtained by a probe which
was composed of four electrodes to detect the
three components of the potential gradient.
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Level of Electric Shock in the Water Causing the Stiffness of Hind legs to
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An experiment was conducted in the rabbit to find the level of electric shock
which causes the stiffness of hind legs in the water, and the allowable limit was
determined.

The 3.5% saline water was filled in rectangular plexiglas water tank which
had parallel plate electrodes, and the rabbit was placed at the center of the water

surface. The applied electric shock was 50 Hz sinusoidal wave and 10 s in dur-

ation.
The electric field intensity of 8.5 V/m on the average gave rise to the stiff-
ness of hind legs to rabbits in the water having a conductivity of 5 S/m. The

field intensity of 2.5 V/m may be considered as the allowable limit.
(6 Figures, 1 Table, 11 References)



