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Threshold for Electric Shocks under Water
| Causing Suffocation of Rabbits
——Change of Threshold due to Conductivity of Water and Body Arrangements*—

by Eiki YAMANO**and Tatsuo MOTOYAMA**

Working in water such as the sea or a river and the use of electricity in such areas are increasing in recent
years. These situations may lead to hazards of underwater electric shock for divers and other workers. This
paper reports on an investigation of such hazards.

An experiment was conducted with rabbits, using plexiglass water tank to find the threshold of suffocation
for underwater electric shock. The rabbit was submerged in water and placed between two parallel plate
electrodes arranged in the tank. Then, electric shocks were applied to the subject by passing the current through
the water between the electrodes. Shock currents were 50 Hz a.c. and 10 s in duration. The temperature of
water was at 30°C throughout the tests.

Salt water of 3.5% or tap water was used in the tests, and the body of the rabbit was so arranged that
it was parallel with or perpendicular to the direction of current. The threshold, in this study, was expressed
in 6 parameters and the changes of the threshold in different parameters due to the test conditions were
compared with each other.

The results of the investigation are summarized as follows;

(I)’ When the rabbit body was arranged in parallel with the direction of current in salt water, the mean
threshold of suffocation was‘observed to be 22.1 V/m in underwater field intensity, or 127 A/m? in current
density, or 6.0 V in potential difference on the subject.

(2) The thresholds for perpendicular body arrangement were greater than those for parallel by about twice
in the field intensity and in the current density. ,

{3) When the conductivity of water was decreased from 6.0 S/m to 27 mS/m, the threshold field intensity
increased by 3 ~ 4 times, and the threshold current density decreased to a 70th~60th.

(4) Change of threshold in potential difference on the subject, depending upon conductivity of water and
body arrangement, was observed to be less than the changes in other parameters.

(5) The lower limit of threshold of suffocation for rabbits was estimated to be 10 V/m in the field intensity
of 10 s shock duration.

The upper limit of field intensity which allows a certain degree of respiration is less than 10 V/m and
assumed to be about 5 V/m. ( Free respiration may be sustained at 2.5 V/m which will allow the subject
for voluntary movements.) _

Keywords: Industrial safety, Electric shock, Threshold, Underwater work, Diving operation, Offshore
engineering
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Fig.1 Schematic diagram of the experimental setup.
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Table 1 Experimental conditions and observed effects other than suffocation.
EEROFEE
Water -| Body Temperature Weight Number of
Kind of conductivity arrangements | of water of rabbits Samples
Water (S/m) in relation to ) (kg) N
current flow v
Salt water of . Parallel 30.5 2.16£0.25 23
6.0 .
3.5% Perpendicular 29.7 2.3340.27 20
Paratlel 29.9 2.23+0.24 20 *2
Tap water 0.027
Perpendicular 30.1 2.31+0.33 20 *3
(Average, or average * s. d.) .
% 1 Cardiac arrest concurred in 1 example.
Respiratory inhibition concurred in other 1 example.
% 2 Cardiac arrest concurred in 2 examples.
* 3 Cardiac. arrest only in 2 examples.
Respiratory inhibition concurred in other 1 example.

Table 2 Threshold of suffocation for rabbits for underwater electric shock. Threshold

is expressed in terms of 6 parameters.

and 10 s in duration.
KDY FIZBR &R TEENRS
AC 50 Hz, #5&EM 10s nH—BRIBEL-IBS

Shock currents were 50 Hz a.c.

Conditions Threshold of suffocation
Applied Potential Field Current Potential
Kind of Body voltage Current difference intensity density gradient
water arrangement on rabbit in water in rabbit
Vs (V) Is (A) Ve (V) Ew (V/m) Jw (A/m?) | Va/d(V/m)
Parallel 38.2%£4.9 60.7+8.3 6.01+0.93 22.1+2.8 12717 20.6+3.0
Salt water -
Perpendicular 68.2 =10.2 110*16 7.15%1.23 39.4+5.9 23133 70.6x11.0
Parallel 109 =13 0.821+0.139| 8.20%1.31 62.7+£7.3 1.72+0.29 27.7%4.6
Tap water -
Perpendlcglar 262 £ 30 1.78+0.20 5.25+0.70 15117 3.731+0.41 53.7+6.7

(Average =+ standard deviation)
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Table 3 Ratios of suffocation thresholds in 6 para-
meters showing changes due to body arran-
gement (A, B) or due to kind of water (C, D).
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Ratio of thresholds
Perpendicular to Tap water to
parallel salt
Parameters
—A— —B— —C— —D—
In salt |In tap In In perpen-
water water parallel | dicular
Applied
voltage Vs 1.8 2.4 2.9 3.8
Field intensit
Field intensity 1.8 2.4 2.9 3.8
in water Ew
Current Is 1.8 2.2 1/74 1/62
t densit
Current density | o 2.2 1/74 1/62
Jw
Potential diffe
rence on rabbit 1.2 1/1.6 1.4 1/1.4
Ve
Potential gradi-
ent in rabbit 3.4 1.9 1.3 1/1.3
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