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Threshold of Convulsion for Electric Shocks due to
Underwater A.C. Uniform Electric Fields

by Eiki YaAMANO* and Tatsuo MOTOYAMA*

- Abstract; Working in the water, as a sea, river, etc. and use of electricity in such areas are being
increased in recent years. These situations may involve divers in- hazards of underwater electic
shocks. This paper reports an investigation of such hazards.

An experiment was conducted with rabbits to find the threshold of convulsion about electric
shocks due to a.c. uniform electic field under water. In the experiment, a hair-clipped rabbit was
immerged in plexiglass water tank, and exposed to underwater electric field for 20 min per test.
During the test, it was observed whether the convulsion (i.e. extension in hind legs- or
whole-length) occurred or not. The extension of short duration was also counted as a
convulsion. '

The applied electric field was 50 Hz sinusoidal wave, and the 3.5 % salt water, with a
temperature of 30 C and a conductivity of 6 S, m, was used. Water level in the tank was
adjusted before the experiment to such an extent that the rabbit was able to walk, which was
14.7 cm in depth on the average:

From the results, the cumulative distribution curves were derived for maximum
non-convulsing and minimum convulsing field intensities, and the threshould field intensity for the
"general population was estimated by the curves.

The results of investigation are summarized as follows:

(1D The average of individual minimum convulsing field intensities tested on 9 rabbits was 5.33
V,/m and the range of data was between 4.03 and 7.27 V/m.
(2) The average of maximum non-convulsing field intensities tested was 4.5 V,/m and the data
ranged from 3.03 to 6.30 V,/m.
(3) The threshold convulsing field intensity, i.e. the limit of motility, for the population will be in
the range between 1.1 and 1.9 V/m, in the uniform electric field under water. The values of
1.1 and 1.9 V/m are the 0.5 percentile ranks of the individual maximum non-convulsing and
minimum convulsmg field intensities, respectively.

Keywords: Electric Shock, Underwater Electric Shock, Threshould, Underwater Work, Industrial
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Fig. 2 Stretch of animal in method “stretch and relea-
se” for examination of motility.
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Table 1 Summary of experiments
RROBE
Parameter Average+s.d. range
Number of 9
experiments
ight of

Weight o 3.9240.60 kg | 2.96—4.87
rabbit
Depth 14.740.4 cm 14-15.5
of water
Temperature | 508421 € | 28.8-33.9
of water

tivit,
Conductivity | 6 0940.22 5/ | 5.726.38
of water
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Table 2 Results of experiments: Test field intensities and

occurrence of convulsion.

HEERLTUVUNAREDOEHE

Exper. Test field intensity (V,/m)

NO. Non—convulsing Convulsing

Max. | Min.

1 3.1, 4.3, 5.18 5.64 6.4, 7.4

2 5.6, 6.30 7.27 (8.4

3 z3 4.99 (5.2

4 2.9, 4.0, 5.0, 5.28 | 5.99

5 (2.5%3), x5 4.03

6 3.0, 3.98 | 4.99

7 3.03 4.03 5.0

8 4.07 | 5.19

9 3.8, 5.07 5.97 7.1
Average 4.70 5.33

s.d. ‘ 1.08 1.02

*1 In the experiments of No. 3 and No. 5, convulsion was
observed in the first test. -

* 2 Data with underline show the tests in which whole-
length extension was observed.

* 3 Observed in the same animal on another occasion.

Table 313, F\Vh A DRk LB/ ORBRERIC
BT LBERRY, FEREILCBELLLDTH S,
ChERT ISR, BEWOTVWhAix, BERBT
ToTTiziel, béﬁﬁﬁﬁ#kof#&@@@
%o#ﬁklof%&bfh ‘

Effects of exposure to minimum convulsing test field intensities.

FOhARE - BAORBBRCHT 2 RBRE

Exper. The 1st convulsion Effedts of exposure

Trigger of Time from Number of
No. .

occurrence start of test convulsions Test results

(min) /checkups*!

1 Fall after jump 7 2/0 2 times recovery*®
2 Starting to run 4 5/4 5 times recovery*?
3 The 3rd checkup 17 1,/3 Slight*¢
4 The 1st checkup 3 1/1 Exten. at the 1st.*?
5 | The 2nd checkup 9 3/4 Exten. at the 4th.*?
8 The 1st checkup 3 2,/3 Extension*?
7 The 1st checkup 1 1/3 Slight*4 ,
8 The 1st checkup 0.5 1/1 Exten. at the 1st.*?
9 The 2nd checkup 18 2,/3 2 times recovery*3

*1 Number of Checkups includes the examinations of occurrence of convulsion by

“stretch and release” method only.

* 2 Extension in whole-length (at the n-th checkup).

Heavy effect.

* 3 Motility was recovered after convulsions (extensions mainly in hind legs).
#4 Slight extension of short duration in hind legs. Slight effect.
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Table 4 Comparison of experimental. conditions with results.

R FORFEERBREOX
Results Factors of animal Other factors
Minimum Time from Water
Exper. convulsing | Weight, sex Cuts previous anethetic temper- conduc-
No. field on use injection ature tivity
intensity skin (d) (d)
1 1.0 0.8, ¢ — 12 Q*2 1.0 1.0
2 1.4 0.8, 3 - 10 1 1.1 —
3 0.9 1.0, ¢ + 48 0*2 0.9 1.0
4 1.2 0.9, 3 + 1 1 1.0 1.0
5 0.8 1.2, ¢ - 1 2 1.1 1.1
6 0.9 1.0, ¢ - 21 23 1.0 1.0
7 0.8 1.0, ¢ + 25 34 1.0 1.0
8 1.0 1.2, ¢ + 147 Q*?2 1.0 1.0
9 1.1 1.1, ¢ — 159 1 0.9 1.0

* 1 Values of field intensity, weight, temperature and conductivity are shown in ratio to each

average.
*2 3.3~4.8h
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Table 5 Comparison of experimental data about threshold of convuision for underwater electric shock. (Averages)

FOhADLEWCCHET 2MORREREOEE (Fi)

Thresholds Conditions
. Conduc-
Effect, mi:slxdt g:;:tnt Vo w tivity Number of
subject Y y k of water | measurement
(V/m) | (A/m?) (V/m) | (8/m)
Convulsion, rabbit 5.33 31.1 5.67 6 9
Loss of muscular
control, human *? 7.87 - - 4.5 2
Stff. convulsion, 8.49 52.1 10.2 6 23

* ] Ratio of applied voltage to distance between current electrodes.
* 2 Data of Smoot and Bentel (2.12 and 2.68 V,“foot) 1.
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Table 6 Ranking of maximum non-convulsing and -minimum convulsing field intensities and cumulative relative

frequencies.

Other rankings are also possible for the maximum non-convulsing intensities, but 4 probable rankings result in

the same distribution curve.

A EOIER T &7y FMEE

_ Cumulative Threshold feild intens.ities
Number relative Maximum non- Minimum
i frequency Exper. convulsing Exper. convulsing
(%) No. (V,/m) No. (V,/m)
1 10 5 E 5 4.03
2 20 7 3.03 7 4.03
3 30 6 3.98 6 4.99
4 40 8 4.07 3 4.99
5 50 3 z3 8 5.19
6 60 9 5.07 1 5.54
7 70 1 5.18 9 5.97
8 80 4 5.28 4 5.99
9 90 2 6.30 2 7.27
#1 Cumulative relative fréquency=i/ (N+1), N=9
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