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Effects of 
ELECTRIC SHOCK 
An engineering report discussing in detail the three major caU 8C8 of accidental declro· 
eulion. Considerations of voltage, current, frequency and duration a re taken up. Chan cel 

for 8urvival under various comlitions are all<Ilyzed. Elcclrocanliograms are shown 

K N ELJeCTlttCAL ENGINEER'S knowl· 
.t'1. edge of the response to an ap­
plied electromotive (orce should not 
be limited to networks of res istance, 
cBpacitnnce. and inductance. It 
should incl ude, a lso. the response of 
a human be ing. Un fortunately. the 
engineer usually knows little more 
than the layman about the latter 
subject, even thoua-h he is much 
more expoaed to the hazards or elec­
tricity than is the average person. 
This article is written to acquaint 
t he eng ineer with the bas ic pr lnci­
plet!J of the effect of eledric ity on 
the human organ 18m. 

The ftrat r ecorded death due to 
electricity was that of a stage car­
penter at Lyon in 1879. He touched 
a 250-volt line. Th is, however , was 
not the first use of lethal electric 
potential8. for they ..... ere u8ed a8 
early as 1849 in the first perform-

I. 

llnce or )leycrbecr·s 'II Prophe\c·', 
and in J857 in lighthouse8 in Eng­
land. As earl)' as 1800, the electr ic 
chair was introduced by the state 
of New York. Here vo l tage~ of 
1200 to 1700 \"ol18 wel'e used. In 
elect rocutions currents up to 8 am­
peres were l ent through the vic­
tim's body for 3 to 8 minutes. 

_ The death rate due to accidental 
electric shock was low at t he be· 
ginning of the century, being abou t 
200 a yea r in countries like Eng­
land. the United States, nnd Ger­
mall)·. It rose rapidly, until in 
J9J 5 the rate was 0.8 per 100,000 
ann ually. Since then it has re­
mained quite constant, and at 
presen t is 1 per 100,000 per year. 

C •••••• f D •• t •• y Shd. 

Death by electr icity is due to one 
of three fundamenta l causes : a 

_r ..... 

nG.l m.:b_dl ............ . 
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ce8sat ion of respiration due to a 
block in the part of the nervous 
system cont rolling breathin&,; & 

se r ious reduction of the c irculation 
of the blood, due to \'t"ntr icular 
fib rillation of th e heart; (l r hn over­
heating of the body. Of the three, 
the second of lhelle is the most dan­
gerous. for there is 110 practical 
way of bringing" fibrillating heart 
into a norrntll beat. Of course, 
death may be the re8ull of a com­
hination of the above causes, or due 
to compliclttion ~, MliC h l\I! a broken 
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n«k, el.c. The mechan isms of death 
will no",: be discu.ssed in more detail. 

V.rl.ti ••• i, .... y a •• I.t",c. 

In the layman's mind , (aa well 
as in that of the en&,ineer ) a &,reat 
dMl of conf usion exist. .. to 
whether lhe current or the volta ... 
ot the circuit is the deterrnLoLo .. 
factor in death. Th1a fs quite 1D­
excusable, tor u early .. 1915' It 
,.... dearly llOderalood that the 
current pauinl' throurh a penon', 
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(ratber than the voltage apo­
wu the determining f&Ct.or~ 

reuon tor the wide varlaUon 
ftIItq. ~lnd to tend a lethal 

...,-.t dlroup a human body ie ,..t the reai.tanee of the body 
wane. from 1000 ohms when wet 
"100,000 ohma when dry. 

The resistance of the body is 
.-eM up of the akin resistance and 
.. internal realalance. The former 
II 1arre when the skin is dry (70.­
eGO to 100.000 ohms per SQ. em.). 
llut falb to IHI than a hundredth of 
lIIi. value when wet. The internal 
.... i.lance is low because the ten­
dona, muscles, and blood a re reJa­ta.....,. I'ood conductor!!. 

In high-voltage shocks se riou!I 
burn. are often produced because 
the hlJ'h voltage punctures the 
outer akin . The body resistance 
theft auddenly fall s from a h igh 
'hiM to the low value of the in­
tenLaJ rui.tanee. 

It I. understandable that the ef­
f.ct • Jiven current will have de­
p.td. on the current path through 
the body. It is found thAt the heart, 
the brain . and the spina l column 
are the three mo~t nitkal region!!. 

-...ct .. C.rI ... t ""0,01 .... _ 

Let UI consider the (' /Teets pro­
dueed when the magnit ude of a 60-
cycle eu rrent ia slowly inc reased.. 
Numerou!! studies' have shown that 
the thre!!hold of pe rception is I rna. 
In other words, cur rents lcss than 
1 ma are not even felt, provided. 
abnormally large current denllitie!!, 
aa reault from pin-poin t contacts. 
are not prod uced. 

Current. from I to 8 rna nre per­
ceptible, but not yet pa in ful . When 
th_ eurrents reach a va lue of 8 to 
11 rna they are pa inful, and cause 
an Involuntary eontraetlon of the 
lIIuac1ea affected, Muscular control, 
however, can atill be exerci.!led. Cur. 
ftDU of 16 to 20 ma are painful, 
_ ... lnvoluntary contraction, and 
JIlucular control is 1000L Currents 
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of 20 to 50 rna, passed between 
arms, or an arm and a leg, involve 
the chest muscles and breath· 
ing becomes difficult. Cu rrenta 
of 100 to 200 rna, when Pllssed 
through the body in a p:lth that in­
volves the heart region , produce 
\'entricular fibrillation (an uncoor· 
dina led beating of the \'a rious heart 
muscles). 

Cu r rents in excess of 200 rna 
produce bu rns ; if they tnke a path 
involving th e hea rt region, the 
heart action is suspended for the 
durat.i0n of the current passage, 
but generally is reaumed at the end 
of this period. 

IC the path involves the part of 
the . nervous oystem controlling 
rcspirution (such as hand to hand , 
hand to foot. hcad to hand, etc.) a 
block in the respirRt.ory ~ystem is 
producE'd.· If a rtificial respiration 
is applied, the body may resume 
its own breathing a~fter as long as 
8 hours; if the damage to the 
resp.i ratory • cont roll ing nc rvou!! 
"ystem is severe, however. breath­
ing may be ~uspended indefinitely. 

V •• trlulor fI"rlllotlo. 

The phenomena of ventricular 

0.1 , 10 
11,,1 '0 of 0.,.. ... 101 .. of 
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nbrUlation and relPlntof'J' block 
deserve closer attention. Ventricu­
lar fib rillation I. an uncoordinated 
contraction of tbe varioua heart 
mU8Clee, which makell the beart 
practically useless &II a pump. Tbe 
phenomenon can better be under­
stood by reference to the electro­
cardiogram and diagram ot a nor­
mal heart in Fig. 1. The stimulus 
A corresponds to the contraction 
ot the auricles, wh ich contract to­
Ilelher. The stimulus B correspond!! 
to the contraction of the ventr iclell, 
which also contract togethe r. 

The electrocardiogram t or ven­
tricular fibrillation can eMi ly be 
recognized, for it haft the irregula r 
pattern ahown in Fig. 2.' Experi­
mental work on human hearts in 
rega rd to fibrillation ia of eoune 
impossible. But guinea pigs, rab­
bits, and aheep also are subject to 
fibrillation. ao con!!idcrable work 
hrul been done with them. 

The vnriation of the percentage 
of shocks caul'ling fib r illation with 
the magnitude of the current pMsed 
through the body of a sheep Is 
shown in Fig. 3.' Each point repre­
sents about 75 trial!'!. Note that the 
susceptibility increases with cur-

UNDERSTANDING PROMOTES SAFETY 
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TABLE I. , 
IlESUL TS OF A BRIEF EXPOSUlIE TO A~ POTENTIALS 

Bod,. Nlittaaoe ............. 1 .. wlw 

v,,)' klw . with rood Coritu. d«JIiI: 
oxmLQo;t ...up, burnA 

(Aboull,OOO oblDe) 

'~ PtUnlul shod: 
(A , 10,000 oblNJ 110 injury 

IIi4Jh ..-ith bilod 5can:f.1 v felt 
contact.. 

(About 100,000 ohm.) 

rent up to a maximum, and then de­
creases as the cu rrent is increased 
further. This is in agreement with 
observed data on man, for it has 
been observed that as the voltage 
increases on high-voltage shocks, 
the percent that can be resu sc itated 
incre.aaes. 

For shock!! ahort in du ration 
compa red to a heart cycle. the prob. 
abilit y of producing fibrillation 
vllrie~ with th e part of the heart 
cycle in wh ich t he s hock occu rs. 
This is ~hown by the dash-dash 
cu rve superimposed on the elect ro. 
cnrdiogram in F ig. 4. Th is sensiti ve 
phase represents the dt!CrE'3si ng 
con traction or the heart muscles. 
At any other time, the heart is 
quite insensitive to shock. 

Finally, the etrect of shock leni'lh 
was studied. The reeult8 are plotted 
in Fig. 5. Note the sudden inc rease 
in susceptibility to fibrillation as 
the shock len~ approaches the 
length of the heart cycle. What 
happens to this curve M the shock 
length is decreaaed to much smalle r 
"alues, say one microsecond, is an 
interesting question, but no au­
thentic data is available on this 
s ubject. .. 

•••• lClttttt •• 'rtltCl,~ 

Numerous methods have been 
tried to briD" a ftbrillating heart 
baclr: to a eoordiDated beal Of tbeae 
the method ot eoullter abock th,.t 
used by AbiJpanl ill 1776 to arreat 
ftbrillation ID eocb teem. the mo.t 
promiainK. It h... been uled with 
.uceeu on JUltau pJp and doea. 
Ii eoulata of an applic.a.t1oD of • 
Ihod:: of hl.h iDtea.ltt.Y and shori 
~ura~ ~ud! Ule heart. The. 

t, '''', ' 

. 

1000 vol ... I 10,000 vol", 

I 
Probttble deflll.h : I Sur" ival; burna alld 

mllJ'ked burna otber lIOquf'tae: 
vet'! !Ie"~re 

Crr14in dMIh,' P'f'OhabHJ deal!.; 

"""" pro-t ... W, etiA;ht 
","ere burn! 

Ptlinl,,1 ~ .. . C,,/ain Jta1h; burn' 
I,u l II() >It'vere .Jillhl it re-i~l -
injuf l' IIfHJe re""li ll~ 

hiMh 

obstacles en countered in trying to 
apply this to human s a re: ( 1) dif­
ficult)" in de te rm inin l{ whethe r a 
heart i8 actually fi brillat ing; (2) 
the n\tailability of prope r facilit ies 
for applyi ng Ute !'hock: (3) the 
counter IIhock. if i mproperl~' ap· 
plied. may actually bN-ome the 
cause or the death. As a re!'lult. the 
recommended procedu re in all t'nses 
o f electric shock is to apply re­
suscitation immedi:'ltely , and not 
attempt to nppl)' cou nter shod(. 

In many t'n .~e~ of electric shoc k 
the victim becomt'~ unconsc ious and 
s tops breathing. but his heart keeps 
on bf'ating. Th is is due to a lm.·/l.k 
in the n('rvou~ !lYlIlem controlling 
respiration. The nervell a re para· 
Iyzed by the currents and no looger 
transmit st imuli to the lungs. Here 
one d it'l'erence between the opera­
tion or the heart and lungs bC('ome!l 
e"ident; the nervous center wh ich 
controls th e lungll is located in lIll­

other organ. the brain . 
The brain and heart must alwa~' s 

be supplied with oxygen . Ir the 
oxygen s upply cease8, the pe rson 
first becomes unconsciou8. If t he 
s upply or oxygen to the brain is cut 
off for more than 5 to 8 minutes. 
damage ill done to the Bel! cells in 
the cortex of the brain. This dam­
age is permanent. and cannot be re­
paired by the body. If the person 
IIhould be brought back to lite his 
mental capacity will be impaired. 
SeriOUII damare of thill kind resulu 
in Idiocy. 

If the damage to the nu"ou. ays­
tern ia not too seve". the block .... ill 
pass away (0 to 8 boun) and the 
peraon wiD reaume breathina ot hi, 
own accord. provided the penoD 

baa beeD kept alin by .upplyinK 
the vital cells of the body with 

L I()S 

oxyren in the meanti me throurb 
artiftcial rellpiration . This expla in. 
the prescribed procedure in al.J 
caul of eledric shock : apply 
arti4cial res uscitation immediately 
and continue until rigor mortis seta 
in. 

I n cases or severe damage to the 
cells of the nervous system con­
trolling rt'slliration (dislocation of 
the nuclei , swell ing of the nucleoli. 
and cytoplMmic loss of granule) 
t he natural breathing of th e body 
is nel'er resumed: 

The third cause of death ill exces· 
:-I ll e heating of the body. The rea­
son for death here is not 'ObKu re. 
The detDil ed mechani!lm of death is 
fl medical matter and its discuuioD 
would lead us too far astray. It i. 
~ufficient to remark thst death il 
due to the destruction by heat of 
I'.ome vital organ, or to bemor­
rhages. or to third-degree burns. 

(.oct of Ft-oq ••• cy 

A f urther characteristic or cur· 
ren t that determines its !'!fec t on In 
organi sm is its rrequency. A ready 
exampl e is that of direc t cu rrent 
li nd 60-cycle Dlternating current. 
The beArable direct cu rrent is 

(C(! Ntin'l(d on }»tIllt 250) 

... 
L.,--t-' l_lL __ " 
1 v~ .--• ...... 
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about three t.tm. 
cycle current. 'I'hJ. 
been studied from two 
the mu:imum cu rreat 
!Ion could Alan d before 
('a use<! lind second, the 
,'utrent requi red to kill 
llllimal!l. 

The former method of 
laken by A. E. KenDellt 
,\Iexandenon," Their cia .. 
ma riz(>d in Fig. 6. In 
lur rcnt WIlS II lowly i •• ,....; 
it WMl Celt that. further 
would cause distreu.. Not. 
,'u rnmt that can be 
,'u t dist resII rises rapidly 
'plt' ncy. 

Above 100,000 cps the on17 
product·d lJy the curnot .,.. 
IIr h,·;tl. The explanation 
!.l't'll a(l\"anc~d for thil bObattO 
Ihlot thl' lIlte rnation' or the 
'I"" t" .... rapid to have any 
Ih ,· Ilernl cells. 

Tht' heatin g effect or the 
'H~PJt'n('r cu r ren Ul i. used 
\.llIl a).:O:' in d ill.thermy 
"IWfl' fn'tlul'ncies of 
1,0110,000 CJ)!I wit h currents 
,,, :, ampt'rt'li lire used . A 
" pph,'allon i:< cll.:i:t ro8u rgery. 
0' platinllm moed le lind 8 Jari. 
'""Ill- art' u~pd. The need le p .... i .. 
~l lI"h a hi~h cu rrent density 
Ih.· 1'~"Ul'~ IIrc completely 
~ 11'Il\"ed l"y heat. 

Tltl' t'l'I'U!1I1 line of attack ,.,.. 
IlIk ... n by A. G. Conrad and H . W. 
lI a){l{lIn!', T hey II tudied the cur­
I'.'nt.~ nt'('c!'lJar), to cause death fa. 
~h,It' k .~ of difrerent duration. at 
,.I,'inu:4 fr e,!uenciell, Their ruuM. 
un rallS 8re su mmar ized in Fig. 7. 
"lite ' ha t the a mount o f c ur rent. ,. 
'Iu ,rl'tl to kill increa.ses with t.M 
fr"'\IUency, 

ThelJe r~lIult~ M well .. thOM of 
\ \. Kouwenhoven , D. Hooker aDd 
r.:. Lotz' ~how that the f requencf. 
that 3 re the most dangeroua &ft 

thOlJe in the neighborhood of 60 
lp!l. 

Let UII turn our attention to u.. 
number o f electrical acddent. that 
actually occur, and the percatap 
uf them that turn ou t to be f.taL 
An analYlil by E. Krohne' of ... 
electrical accidenta In ~ 
from 1980 to 1985 abowed Uta, 11. 
involved volta&M und ... 100 .., 

hIr rHf-lLIC1_ I I I 

with a av.nce fabl!t:r" 
percent. The 
celved volta.-. 0ftI' 500 
a fataJit7 rate hen of sa 

W. Mct.ehlan° 1'1"" 
t a iled lafonnatlon bued 
o f 476 CUM where oJ.ebidl>' 
waa the eau.ae of death. Dot 
resuscitation. broken 
de, ( Data b7 Krohne lacla.<" 
the.e .eueI.. bence thll 
musi be kept in mind w~ 
ing the fl.u..... The d'~ ... Mi 
particw-rly noticeable _t 
voltages, where dYth ftom 
etc., is more probable.) 
la n 's fig u res are based 011 U, 8-
Canadian industrial accid.t.. 
d ivide the acc iden Ll! accordlD.. 
th e potential of the ci rcuit i."01;~~ 

Ru:ORD 01' ACClD~'n BY PO'TSMftM 
0 1' C n,curr INVOL'fID 

Volts 
0-149 

750-4999 
MlOO-39,999 

40.000 and over 

rOllll 
c.-

65 
2 1:! 
167 ,. 

• 
Note that the danger dOlI .. 

necessarily increase with the .... 
age. This is due to two reaaaa.f 
first. the muscular reaction la more 
p ronounced at high voltages, my.. 
ing it mor e likely that the per_ 
will be th rown clear of the ci rcuit; 
secondly, 8.8 d ata on animal. _ 
IJhown, the heart is not thrown in .. 
fi b rillation by very large curren. 
( greater than 250 rna) . 

Segregation of these cases ... 
cording lo the method of clead .. 
revealed that of 282 who fell cia.. 
70 percent were succes8fully ,..:. 
\'ived of 179 who were pulled clear 
f rom the ci rcuit, 63 percent we ... 
revived. Thi s may appear puzzlin. 
at "rat, for one wou ld expect tJM 
difference t o be more pronounced. 
Remembe r , howe ve r , that it tak. 
only a shock o f • fraction of a m i. · 
ute to th row the heart Into a fat.aJ 
fib rillation or to cause a respiratory 
block. After that, the effect i. a 
heating of the body. It is true that 
if the heatinr is very severe, it may 
cauae damage to t he cella o f the 
nervous sy.tern or severe burDI, but 
often it II not. 

The data by McLa.chlan .bow. 
that if nsuacitatlon i. iD.tltuted 
lOOn after the auid.nl. the fataU17 
can be reduced to 88 percent. Th~ 
I. 1110 a.reement with the ~ur. of 
23 pereent obtained by x."ar-ao--

L /06 
ura in a study in Japan; the n.u­
of 23 percent obtained by Bar .... 
in a IItudy in France ; and the -""",­
age fa tali ty rate for 193()""19S6 '" 
Germany of ~ perceat q~ 
earlier. 

J ex-Blake' summarizes in a p"" 
tical form in Table I much of .... 
data presented in this paper . 

We will close with a f ew p ractical 
JI"inler!l : 

1. 1)0ll 't entl!rtain :\ false feelinf 
fl f ~ecu rity by belie\'illg that reau .. 
,·italion can always brin g a penlDn 

b;,t'k to life ufter all electric s hock. 
If thl! heart is t hrown into fibr illa­
lion (lind this ilJ quite pt'llSlSible) for 
;.11 practiclII purpose3 death i3 in­
"talltaneIlU:4. 

2. In ca"t! of electric IIhock, appl, 
artiftcial rC!'II"citlltion im med iauly. 
110 not drllty tu t'limmon a doctor 
IJllt try In Itel hdp whilt· r('im~t'ita l -
1111{ til(> \"ktim. 

3. :\'c\"cr handle ri(>(: lrir circui ta 
Wilh W('t hand:4 or when feet are 
wet. 

4. I r there is no other mean~ or 
fI':4,·It •.. u,..' yoo " fllot ratht'r than 
plllr h:u,d lu fret· Ihe virtim from 
Iht> Ii\'(· t"i rcuit. 

5. \\,h"n \,·orkin!/: lin hil{h \·olt· 
:tJ,:"c, 11(> ,.ure tht> Iiour i,. nol ;t good 
,·"II. llIct .. ,. \a$ far a~ ell,,(·tri!' "hock 
j .. ('Uncerlled, a ('onerl'lI' floor ilJ a 
}fund ~'oTld uctllr ) . 

6. When handling hiJ.:h-volta gt" 4 
"in'lIits, i t iii II J[ O<'II rull.' io keep 
'""UI' irft hano in y"ur l)(}t'kl'l . 

7. J)oll 'l w\H"k in a po"ition when' 
~,,"r h.':HI ill likt'ly til IWI'Ilnll' a ('on· 
,Iudor in an l'icrtrlt- !Oho.:k. 

hit ,..... _ElECTlONiCI 
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