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INTERNATIONAL ELECTROTECHNICAL COMMISSION  
 

____________ 
 

EFFECTS OF CURRENT ON  HUMAN  BEINGS 
AND LIVESTOCK – 

 
Part 1 :  General  aspects  

 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC National  Commi ttees).  The  ob ject  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC publ i shes  I n ternational  Standards,  Techn ical  Speci ficati ons,  
Techn ical  Reports,  Publ i cl y  Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC 
Publ i cation (s )” ).  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-
governmental  organ i zations  l i a i s i ng  wi th  the  I EC al so  parti ci pate  i n  th i s  preparati on .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ ization  for S tandard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two organ i zati ons.  

2)  The  formal  deci s i ons  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y as  possi ble,  an  i n ternational  
consensus  of opin i on  on  the  re l evant sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  al l  
i n terested  I EC Nati onal  Comm ittees.   

3)  I EC Publ i cati ons  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Comm i ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  con ten t of I EC  
Publ i cations  i s  accurate,  I EC  cannot be  he l d  responsibl e  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Publ i cations  
transparen tl y to  the  maximum  extent  possib l e  i n  thei r national  and  reg i ona l  publ i cati ons.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  sha l l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f does  not  provide  any attestati on  of conform i ty.  I n dependent certi fi cati on  bod ies  provi de  conform i ty 
assessment services  and ,  i n  some areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es.  

6)  Al l  users  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or rel i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Attention  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cati on  of th i s  publ i cati on .  

9)  Atten ti on  i s  d rawn  to  the  possibi l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  patent  ri gh ts.  

DISCLAIMER 
This  Consol idated  version  i s  not an  official  IEC  Standard  and  has  been  prepared  for 
user conven ience.  On ly the  current versions  of the  standard  and  i ts  amendment(s)  
are  to  be  considered  the  official  documents.  

Th is  Consol idated  version  of IEC  TS  60479-1  bears  the  ed i tion  number 4. 1 .  I t  consists  of 
the  fourth  ed i tion  (2005-07)  [documents  64/1 427/DTS and  64/1 463/RVC]  and  i ts  
amendment 1  (201 6-07)  [documents  64/2095/DTS and  64/21 1 3/RVC] .  The  techn ical  
content  i s  identical  to  the  base ed i tion  and  i ts  amendment.  

In  th is  Red l ine version ,  a  vertical  l i ne  i n  the  margin  shows  where the technical  content 
i s  modified  by amendment 1 .  Add i tions  are  i n  green  text,  deletions  are  in  strikethrough  
red  text.  A separate  Final  version  wi th  al l  changes  accepted  i s  avai lable  in  th is  
publ ication .  
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The  main  task of I EC techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  commi ttee  may propose  the  publ ication  of a  techn ical  
speci fication  when  

•  the  requ i red  support cannot be  obtained  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subject i s  sti l l  under techn ical  development or where,  for any other reason ,  there  i s  the  
fu ture  bu t no  immed iate  possibi l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  are  subject to  review wi th in  th ree  years  of publ ication  to  decide  
whether they can  be  transformed  in to  I n ternational  Standards.   

I EC  60479-1 ,  wh ich  i s  a  techn ical  speci fication ,  has  been  prepared  by I EC techn ical  
commi ttee  64:  E lectrical  i nsta l lations  and  protection  against e lectric  shock.  

Th is  fourth  ed i tion  cancels  and  replaces  the  th i rd  ed i tion ,  publ ished  as  a  techn ical  report i n  
1 994,  and  consti tu tes  a  techn ical  revision .  

The  main  changes  wi th  respect to  the  previous  ed i tion  are  l i sted  below:  

– Dependence of the  tota l  body impedance  ZT  for 50
th
 percen ti le  rank of a  popu lation  of 

l i ving  human  beings  for l arge,  average  and  smal l  su rface  areas  of a  contact i n  d ry,  water-
wet and  sal twater-wet cond i tions  at touch  vol tage  UT  =  25  V to   200  V a . c.  50/60  Hz.  

– Osci l l ograms  of touch  vol tages  UT  and  touch  cu rren ts  IT  for a . c. ,  current path  hand-to-
hand ,  l arge  su rface  areas  of con tact i n  d ry cond i tion  taken  from  measurements  g iven  i n  
F igure  1 6  wi th  the  re levant explanations  i n  the  main  text.  

– F ibri l l ation  data  for dogs,  p igs  and  sheep  obtained  from  experiments  and  for persons  
calcu lated  from  statistics  of e lectrical  acciden ts  wi th  transversal  d i rection  of curren t fl ow,  
hand -to-hand  and  touch  vol tages  UT  =  220  V to  380  V a . c.wi th  body impedances  ZT  (5%)  
g iven  i n  F igure  1 9  wi th  the  re levant explanations  i n  the  main  text.  

– Change  of Curve  B  i n  F igure  20  from  1 0  mA to  5  mA:  conventional  time/curren t zones  of 
effects  of a . c.  curren t (1 5  Hz to  1 00  Hz)  on  persons  wi th  the  re levant explanations  i n  
themain   text.  

– Let-go  curren ts  for 60  Hz s inusoidal  curren t  g i ven  in  F igure  23  wi th  the  re levant 
explanations  i n  the  main  text.  

– new structure  to  the  body of the  standard .  

– Extension  of the  appl icabi l i ty of the  total  body impedance to  a  frequency range  up  to  
1 50  kHz;  

– Clari fication  of the  d i fference  i n  anod ic versus  cathod ic d . c.  pu lses;  

– Extension  of the  ventricu lar fibri l lation  threshold  of s ing le  pu lses  down  to  1  µs  pu lse  wid th ;  

– Add i tion  of i n formative  annexes:   

Annex E:  Theories  of ventricu lar fi bri l l ation ;  

Annex F :  Quanti ties  ULV and  LLV;  

Annex G :  Ci rcu i t  s imu lation  methods  i n  e lectric shock evaluation .  

Th is  techn ical  speci fication  has  the  status  of a  basic safety publ ication  i n  accordance  wi th  I EC 
Gu ide  1 04.  
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The  text of th is  techn ical  speci fication  i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

64/1 427/DTS  64/1 463/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  techn ical  speci fication  can  be  found  in  
the  report on  voting  i nd icated  i n  the  above  Table.  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  ISO/IEC  Di rectives,  Part 2 .  

I EC  60479  consists  of the  fol lowing  parts  under the  general  ti tl e  Effects of current on human 
beings and livestock 

Part 1 :   General  aspects  

Part 2 :   Specia l  aspects:  

Chapter 4 :  Effects  of a l ternating  curren t wi th  frequencies  above  1 00  Hz  

Chapter 5 :  Effects  of specia l  waveforms  of current 

Chapter 6 :  Effects  of un id i rectional  s ing le  impu lse  currents  of short du ration  

Part 3 :   Effects  of curren ts  passing  through  the  bod ies  of l i vestock 

Part 4 :  Effects  of l i gh tn ing  strokes  on  human  beings  and  l i vestock 

The  commi ttee  has  decided  that the  con ten ts  of the  base  publ ication  and  i ts  amendment wi l l  
remain  unchanged  un ti l  the  stabi l i ty date  ind icated  on  the  I EC web  s i te  under 
"h ttp: //webstore. iec.ch"  i n  the  data  re lated  to  the  speci fic publ ication .  At th is  date,  the  
publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at a  l ater date.  

The  con ten ts  of the  corrigendum  of October 2006  and  J une  201 3  have  been  i ncl uded  i n  th i s  
copy.  

 

IMPORTANT – The  'colour inside'  logo on  the  cover page of th is  publ ication  ind icates  
that  i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understanding  of i ts  contents.  Users  shou ld  therefore print  th is  document using  a  
colour printer.  
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I NTRODUCTION  

Th is  basic safety publ ication  i s  primari l y i n tended  for use  by techn ical  commi ttees  i n  the  
preparation  of standards  i n  accordance  wi th  the  principles  l a id  down  i n  I EC  Gu ide  1 04  and  
I SO/IEC Gu ide  51 .  I t  i s  not i n tended  for use  by manufacturers  or certi fication  bod ies.  

One  of the  responsibi l i ties  of a  techn ical  committee  i s ,  wherever appl icable,  to  make  use  of 
basic safety publ ications  i n  the  preparation  of i ts  publ ications.  

Th is  techn ical  speci fication  provides  basic gu idance  on  the  effects  of shock current on  human  
beings  and  l i vestock,  for use  i n  the  establ i shment of e lectrical  safety requ i rements.  

I n  order to  avoid  errors  i n  the  i n terpretation  of th is  techn ical  speci fication ,  i t  must shou ld  be  
emphasized  that the  data  g iven  herein  i s  main ly based  on  experiments  wi th  an imals  as  wel l  
as  on  i n formation  avai lable  from  cl i n ical  observations.  On ly a  few experiments  wi th  shock 
curren ts  of short duration  have  been  carried  ou t on  l i ving  human  beings.  

On  the  evidence  avai lable,  mostl y from  an imal  research ,  the  values  are  so  conservative  that 
the  standard  th is  document appl ies  to  persons  of normal  physiolog ical  cond i tions  includ ing  
ch i ld ren ,  i rrespective  of age  and  weigh t.  

There  are,  however,  other aspects  to  be  taken  i n to  account,  such  as  probabi l i ty of fau l ts,  
probabi l i ty of con tact wi th  l i ve  or fau l ty parts,  ratio  between  touch  vol tage  and  fau l t  vol tage,  
experience  gained ,  techn ical  feasib i l i ti es,  and  economics.  These  parameters  have  to  shou ld  
be  considered  carefu l l y when  fixing  safety requ i rements,  for example,  operating  
characteristics  of protective  devices  for e lectrical  i nsta l lations.  

The  form  of the  speci fication  document as  has  been  adopted  summarizes  resu l ts  so  far 
ach ieved  wh ich  are  being  used  by techn ical  commi ttee  64  as  a  basis  for fi xing  requ i rements  
for protection  against shock.  These  resu l ts  are  considered  importan t enough  to  j usti fy an  I EC  
publ ication  wh ich  may serve  as  a  gu ide  to  other I EC  commi ttees  and  coun tries  having  need  of 
such  i n formation .  

Th is  techn ical  speci fication  appl ies  to  the  threshold  of ventricu lar fibri l l ation  wh ich  i s  the  main  
cause  of deaths  by e lectric curren t.  The  analysis  of resu l ts  of recent research  work on  card iac 
physiology and  on  the  fi bri l l ation  threshold ,  taken  together,  has  made  i t  possible  to  better 
appreciate  the  i n fluence  of the  main  physical  parameters  and ,  especia l l y,  of the  duration  of 
the  curren t flow.  

I EC  TS  60479-1  con tains  i n formation  abou t body impedance  and  body curren t th resholds  for 
various  physiolog ical  effects.  Th is  i n formation  can  be  combined  to  derive  estimates  of a . c.  
and  d . c.  touch  vol tage  th resholds  for certa in  body curren t pathways,  con tact moisture  
cond i tions,  and  skin  con tact areas.  I n formation  abou t touch  vol tage  thresholds  for 
physiolog ical  effects  i s  con tained  i n  the  I EC  61 201 .  

Th is  techn ical  speci fication  refers  speci fical l y to  the  effects  of e lectric cu rrent.  When  an  
assessment of the  harmfu l  effects  of any event on  human  beings  and  l i vestock i s  being  made,  
other non-electric phenomena,  i nclud ing  fal l s ,  heat,  fi re,  or others  shou ld  be  taken  i n to  
account.  These  matters  are  beyond  the  scope  of th is  techn ical  speci fication ,  bu t may be  
extremely serious  in  thei r own  ri gh t.  

Recent research  work has  a lso  been  conducted  on  the  other physical  accident parameters,  
especia l l y the  waveform  and  frequency of the  curren t and  the  impedance  of the  human  body.  
Th is  fourth  revision  of I EC  60479-1  shou ld  be  viewed  as  the  log ical  development and  
evolu tion  of the  th i rd  ed i tion .  
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Clause  2  of I EC  60479-1  ( th i rd  ed i tion )  on  the  impedance  of the  human  body con tained  l i ttle  
i n formation  on  the  dependence  of the  impedance  on  the  surface  area  of contact and  then  on ly 
for d ry cond i tions.   

Therefore  measurements  were  carried  ou t on  1 0  persons  using  med ium  and  smal l  su rface  
areas  of contact i n  d ry,  water-wet and  sal twater-wet cond i tions,  curren t path  hand  to  hand ,  at 
a  touch  vol tage  of 25  V a . c.  50  Hz.  The  impedance  values  for a  percenti l e  rank of 5  %,  50  %  
and  95  %  have  been  calcu lated  from  these  measurements.  

Due  to  unpleasant sensations  and  the  possibi l i ty of i nherent danger,  measurements  using  
l arge  surface  areas  of con tact (order of magn i tude  1 0  000  mm2)  i n  d ry,  water-wet and  
sal twater-wet cond i tions  and  wi th  med ium  and  smal l  su rface  areas  of con tact (order of 
magn i tude  1  000  mm2  and  1 00  mm2)  i n  d ry cond i tion  at  touch  vol tages  from  25  V up  to  and  
i nclud ing  200  V a . c.  have  on ly been  carried  ou t on  one  person .  By the  use  of deviation  factors  
i t  was  nevertheless  possib le  to  derive  values  of the  tota l  body impedance  ZT  for a  percenti le  
rank of 5  %,  50  %  and  95  %  of a  popu lation  of persons.  Wi th  the  same  one  person  
measurements  were  a lso  made wi th  sti l l  smal ler surface  areas  of con tact (1 0  mm2  and  
1  mm2)  and  between  fi ngertips.  

For the  calcu lation  of tota l  body impedance  ZT  for a  percenti le  rank of 5  %,  50  %  and  95  %  of 
a  popu lation  of persons  for l arge  surface  areas  of con tact for touch  vol tages  above  200  V up  
to  700  V and  h igher up  to  the  asymptotic values  the  method  to  adapt values  of ZT  measured  
on  corpses  to  those  of persons  used  for the  second  ed i tion  of I EC  60479-1  was  improved  by 
taking  account of the  d i fferen t temperature  of the  corpses  during  measurements  and  the  
temperature  of 37  °C  for persons.  

The  present state  of knowledge  of a . c.  impedance  ZT  of the  human  body for l arge,  med ium  
and  smal l  su rface  areas  of con tact i n  d ry,  water-wet and  sal t-water-wet cond i tions  and  of the  
d . c. -resistance  RT  of the  human  body for l arge  areas  of contact i n  d ry cond i tions  are  
presented .   

I t  shou ld  be  mentioned  that the  thresholds  as  order of magn i tude  are  val id  for a l l  persons  
(men ,  women  and  ch i l d ren)  i ndependent of thei r state  of heal th .  Often  concerns  are  
expressed  in  that respect bu t i f the  background  of such  objections  i s  examined  i t  i s  found  that 
such  objections  represent j ust opin ions  wi thout experimental  evidence.  Some measurements  
i nd icate  that the  thresholds  of perception  and  l et-go  for women  are  l ower than  for men .  Th is  
may a lso  be  the  case  for ch i l d ren .  

Furthermore  i n  Clause  5  a  heart-current factor F for the  curren t path  foot to  foot has  been  
i n troduced .  Th is  i s  importan t for e lectrical  ri sks  caused  by step  vol tages.  

Further experimental  data  are  under consideration ,  such  as  recent ongoing  experimental  work 
on  "curren t i nduced  heart fi bri l lation  by exci tation  wi th  d iscrete  Fourier spectra"  wh ich  i s  
i n tended  to  con tribu te  to  frequency factor data.  
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EFFECTS OF CURRENT ON  HUMAN  BEINGS 
AND LIVESTOCK – 

 
Part 1 :  General  aspects  

 
 
 

1  Scope 

For a  g iven  cu rren t path  through  the  human  body,  the  danger to  persons  depends  main ly on  
the  magn i tude  and  duration  of the  cu rren t fl ow.  However,  the  time/current zones  speci fied  i n  
the  fol l owing  clauses  are,  i n  many cases,  not d i rectl y appl icable  i n  practice  for design ing  
measures  of protection  against e lectrical  shock.  The  necessary cri terion  i s  the  admissib le  l im i t 
of touch  vol tage  ( i . e .  the  product of the  curren t th rough  the  body cal led  touch  current and  the  
body impedance)  as  a  function  of time.  The  re lationsh ip  between  current and  vol tage  i s  not 
l i near because  the  impedance  of the  human  body varies  wi th  the  touch  vol tage,  and  data  on  
th is  relationsh ip  i s  therefore  requ i red .  The  d i fferen t parts  of the  human  body (such  as  the  skin ,  
b lood ,  muscles,  other ti ssues  and  jo in ts)  present to  the  e lectric current a  certa in  impedance  
composed  of resisti ve  and  capaci ti ve  components.  

The  values  of body impedance  depend  on  a  number of factors  and ,  i n  particu lar,  on  curren t 
path ,  on  touch  vol tage,  duration  of cu rren t fl ow,  frequency,  degree  of moisture  of the  skin ,  
surface  area  of con tact,  pressure  exerted  and  temperature.  

The  impedance  values  i nd icated  i n  th is  techn ical  speci fication  resu l t  from  a  close  examination  
of the  experimental  resu l ts  avai lable  from  measurements  carried  ou t principal l y on  corpses  
and  on  some  l i vi ng  persons.  

Knowledge  of the  effects  of a l ternating  current i s  primari l y based  on  the  find ings  re lated  to  the  
effects  of current at frequencies  of 50  Hz or 60  Hz wh ich  are  the  most common  i n  e lectrical  
i nsta l lations.  The  values  g iven  are,  however,  deemed  appl icable  over the  frequency range  
from  1 5  Hz to  1 00  Hz,  th reshold  values  at  the  l im i ts  of th is  range  being  h igher than  those  at 
50  Hz or 60  Hz.  Principal l y the  risk of ven tricu lar fibri l l ation  i s  considered  to  be  the  main  
mechan ism  of death  of fatal  e lectrical  acciden ts.  

Acciden ts  wi th  d i rect curren t are  much  l ess  frequent than  wou ld  be  expected  from  the  number 
of d . c.  appl ications,  and  fatal  e lectrical  acciden ts  occur on ly under very un favourable  
cond i tions,  for example,  i n  m ines.  Th is  i s  partl y due  to  the  fact that wi th  d i rect curren t,  the  let-
go  of parts  g ripped  i s  l ess  d i fficu l t and  that for shock durations  longer than  the  period  of the  
card iac cycle,  the  threshold  of ven tricu lar fi bri l lation  i s  considerably h igher than  for a l ternating  
curren t.  

NOTE  The  I EC  60479  seri es  con ta ins  i n formation  abou t  body impedance  and  body cu rren t  th reshol ds  for vari ous  
phys i o log ica l  effects.  Th i s  i n formati on  can  be  combined  to  deri ve  estimates  of a . c.  and  d . c.  touch  vol tage  
th resholds  for certa i n  body cu rren t  pathways,  con tact  moistu re  cond i ti ons ,  and  ski n  con tact  areas.  I n formati on  
abou t  touch  vol tage  th resholds  for phys io log ica l  effects  i s  con ta ined  i n  I EC  61 201 .  

2  Normative references  

The  fol lowing  referenced  documents  are  i nd ispensable  for the  appl ication  of th is  document.  
For dated  references,  on ly the  ed i tion  ci ted  appl ies.  For undated  references,  the  latest ed i tion  
of the  referenced  document ( i nclud ing  any amendments)  appl ies.  

I EC  61 201 : 1 992,  Extra-low voltage (ELV)  – Limit values 

Guide  1 04: 1 997 ,  The preparation of safety publications and the use of basic safety 
publications and group safety publications 
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3  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol lowing  terms  and  defin i tions  apply.  

3.1  General  defin i tions  

3. 1 . 1  
long i tudinal  current 
curren t fl owing  l eng thwise  through  the  trunk of the  human  body such  as  from  hand  to  feet 

3.1 .2  
transverse  current 
curren t fl owing  across  the  trunk of the  human  body such  as  from  hand  to  hand  

3.1 .3  
in ternal  impedance  of the  human  body  
Zi  
impedance  between  two  e lectrodes  i n  con tact wi th  two  parts  of the  human  body,  neg lecting  
skin  impedances  

3.1 .4 
impedance  of the  skin   
Zs  
impedance  between  an  e lectrode  on  the  skin  and  the  conductive  ti ssues  underneath  

3.1 .5  
total  impedance of the  human  body  
ZT  
vectoria l  sum  of the  i n ternal  impedance  and  the  impedances  of the  skin  (see  F igure  1 )  

3.1 .6  
in i tial  resistance of the  human  body  
R0  
resistance  l im i ting  the  peak value  of the  current at the  moment when  the  touch  vol tage  occurs  

3.1 .7  
dry condition  
cond i tion  of the  skin  of a  surface  area  of con tact wi th  regard  to  humid i ty of a  l i ving  person  
being  at rest under normal  i ndoor envi ronmental  cond i tions  

3.1 .8  
water-wet condi tion  
cond i tion  of the  skin  of a  surface  area  of con tact being  exposed  for 1 min  to  water of publ ic 

water suppl ies  (average  resisti vi ty ρ  =  3  500  Ωcm,  pH  =  7  to  9)  

3.1 .9  
sal twater-wet condi tion  
cond i tion  of the  skin  of a  su rface  area  of contact being  exposed  for 1  m in  to  a  3  %  solu tion  of 

NaCl  i n  water (average  resisti vi ty ρ  =  30  Ωcm,  pH  =  7  to  9)  

NOTE  I t  i s  assumed  that  sa l twater-wet cond i ti on  s imu l ates  the  cond i ti on  of the  ski n  of a  sweati ng  person  or a  
person  after immersi on  i n  seawater.  Fu rther i nvesti gati ons  are  necessary.  

3.1 .1 0  
deviation  factor  
FD  
total  body impedance  ZT  for a  g iven  percenti le  rank of a  popu lation  d ivided  by the  total  body 
impedance  ZT  for a  percenti le  rank of 50  %  of a  popu lation  at a  g i ven  touch  vol tage  
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3.2  Effects  of s inusoidal  al ternating  current in  the  range  1 5  Hz to  1 00  Hz 

3.2 .1  
threshold  of perception  
min imum  value  of touch  cu rren t wh ich  causes  any sensation  for the  person  through  wh ich  i t  i s  
fl owing  

3.2.2   
threshold  of reaction  
min imum  value  of touch  cu rren t wh ich  causes  i nvolun tary muscu lar con traction  

3.2.3   
threshold  of let-go 
maximum  value  of touch  curren t at wh ich  a  person  hold ing  e lectrodes  can  l et  go  of the  
e lectrodes  

3.2.4 
threshold  of ventricu lar fibri l lation  
min imum  value  of touch  cu rren t through  the  body wh ich  causes  ventricu lar fibri l lation  

3.2.5   
heart-current factor  
F 

relates  the  e lectric fi el d  strength  (current densi ty)  i n  the  heart for a  g i ven  cu rren t path  to  the  
e lectric fie ld  strength  (curren t densi ty)  i n  the  heart for a  touch  current of equal  magn i tude  
flowing  from  left  hand  to  feet 

NOTE  I n  the  heart,  the  cu rren t  densi ty i s  proporti onal  to  the  e l ectri c  fi e l d  s trength .  

3.2.6   
vu lnerable  period  
comparatively smal l  part  of the  card iac cycle  during  wh ich  the  heart fibres  are  i n  an  
i nhomogeneous  state  of exci tabi l i ty and  ven tricu lar fibri l l ati on  occurs  i f they are  exci ted  by an  
e lectric curren t of su fficien t magn i tude  

NOTE  The  vu l nerabl e  peri od  corresponds  to  the  fi rst  part  of the  T-wave  i n  the  e l ectrocard iogram  wh ich  i s  
approximatel y 1 0  %  of the  card i ac cycl e  (see  F i gu res  1 7  and  1 8) .  

3.3  Effects  of d i rect current 

3 .3.1  
total  body resistance  
RT  
sum  of the  in ternal  resistance  of the  human  body and  the  resistances  of the  skin  

3.3.2   
d .c. /a.c.  equ ivalence  factor  
k  

ratio  of d i rect current to  i ts  equ ivalen t r.m .s.  va lue  of a l ternating  current having  the  same  
probabi l i ty of i nducing  ventricu lar fi bri l l ation  

NOTE  As  an  example  for shock d u rati ons  l onger than  the  peri od  of one  card i ac cycle  and  50  %  probabi l i ty for 
ven tri cu l ar fi bri l l a ti on ,  the  equ ival ence  factor for 1 0  s  i s  approximate l y:  
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k =  75,3
mA80

mA300

.)s.m.(ronfibri l lati.c.a
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−
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I
 (see  F i gu res  20  and  22)  

3.3.3   
upward  current 
d i rect touch  cu rren t th rough  the  human  body for wh ich  the  feet represent the  posi ti ve  polari ty 

3.3.4   
downward  current 
d i rect touch  cu rren t th rough  the  human  body for wh ich  the  feet represent the  negative  polari ty 

4 Electrical  impedance of the  human  body 

The  values  of body impedance  depend  on  a  number of factors  and ,  i n  particu lar,  on  curren t 
path ,  on  touch  vol tage,  duration  of cu rren t fl ow,  frequency,  degree  of moisture  of the  skin ,  
surface  area  of con tact,  pressure  exerted  and  temperature.  

A schematic d iagram  for the  impedance  of the  human  body i s  shown  in  F igure  1 .  

4.1  In ternal  impedance  of the  human  body (Zi )  

The  i n ternal  impedance  of the  human  body can  be  considered  as  mostly resisti ve.  I ts  va lue  
depends  primari l y on  the  curren t path  and ,  to  a  l esser extent,  on  the  surface  area  of contact.  

NOTE  1  Measuremen ts  i nd i cate  that  a  smal l  capaci ti ve  componen t exi sts  (dashed  l i nes  i n  F i gu re  1 ) .  

Figure  2  shows  the  i n ternal  impedance  of the  human  body for i ts  d i fferent parts  expressed  as  
percentages  of that related  to  the  path  hand  to  foot.  

For curren t paths  hand  to  hand  or hand  to  feet,  the  impedances  are  main ly located  in  the  
l imbs  (arms and  l egs).  I f the  impedance  of the  trunk of the  body i s  neg lected ,  a  s impl i fied  
ci rcu i t  d iagram  can  be  establ i shed  wh ich  i s  shown  in  F igure  3 .  

NOTE  2  I n  order to  s impl i fy the  ci rcu i t  d i ag ram,  i t  i s  assumed  that  the  impedance  of arms  and  l egs  have  the  same  
val ues.  

4.2  Impedance  of the  skin  (Zs)  

The  impedance  of the  skin  can  be  considered  as  a  network of resistances  and  capaci tances.  
I ts  structure  i s  made  up  of a  semi -i nsu lating  layer and  smal l  conductive  e lements  (pores).  The  
skin  impedance fal l s  when  the  curren t i s  i ncreased .  Sometimes  curren t marks  are  observed  
(see  4 . 7).  

The  value  of the  impedance of the  skin  depends  on  vol tage,  frequency,  duration  of the  cu rren t 
fl ow,  su rface  area  of con tact,  pressure  of con tact,  the  degree  of moisture  of the  skin ,  
temperature  and  type  of the  skin .  

For l ower touch  vol tages  the  value  of the  impedance  of the  skin  varies  widely,  even  for one  
person ,  wi th  surface  area  of contact and  cond i tion  (dry,  wet,  perspi ration),  temperature,  rapid  
respi ration ,  etc.  For h igher touch  vol tages  the  skin  impedance  decreases  considerably and  
becomes  neg l ig ib le  when  the  skin  breaks  down.  

As  regards  the  i n fluence  of frequency,  the  impedance  of the  skin  decreases  when  the  
frequency i ncreases.  
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4.3  Total  impedance of the  human  body (ZT)  

The  total  impedance  of the  human  body consists  of resisti ve  and  capaci tive  components.  

For l ower touch  vol tages,  there  are  considerable  variations  i n  the  impedance  of the  skin  ZS  
and  the  tota l  impedance  of the  human  body ZT  s im i larly varies  widely.  For h igher touch  
vol tages,  the  tota l  impedance  depends  l ess  and  l ess  on  the  impedance  of the  skin  and  i ts  
va lue  approaches  that of the  i n ternal  impedance  Zi .  See  Figures  4  to  9 .  

As  regards  the  i n fluence  of frequency,  taking  in to  account the  frequency dependence  of the  
skin  impedance,  the  tota l  impedance  of the  human  body i s  h i gher for d i rect current and  
decreases  when  the  frequency increases.  

4.4 Factors  affecting  in i tial  resistance of the  human  body (R0)  

At the  moment when  the  touch  vol tage  occurs,  capaci tances  i n  the  human  body are  not 
charged .  Therefore  skin  impedances  ZS1  and  ZS2  are  neg l ig ib le  and  the  i n i tia l  resistance  R0   
i s  approximately equal  to  the  i n ternal  impedance  of the  human  body Zi  (see  F igure  1 ) .  The  
i n i ti al  resistance  R0  depends  main ly on  the  curren t path  and  to  a  l esser exten t on  the  surface  
area  of con tact.   

The  i n i tia l  resistance  R0  l im i ts  the  cu rrent peaks  of short impu lses  (e. g .  shocks  from  e lectric 
fence  con trol l ers) .  

4.5 Values  of the  total  impedance of the  human  body (ZT)  

The  dependence  of the  total  body impedance  ZT  for the  50
th  percen ti le  rank of a  popu lation  of 

l i ving  human  beings  for l arge,  med ium  and  smal l  su rface  areas  of contact (order of magn i tude  
1 0  000  mm2 ,  1  000  mm2  and  1 00  mm2  respectively)  i n  d ry,  water-wet and  sal twater-wet 
cond i tions  at touch  vol tages  UT  =  25  V a . c.  to  200  V a . c.  i s  shown  i n  F igures  7 ,  8  and  9 .  

4.5.1  Sinusoidal  al ternating  current 50/60  Hz for large  surface areas  of contact 

The  values  of the  tota l  body impedances  in  Tables  1 ,  2  and  3  are  val i d  for l i ving  human  
beings  and  a  cu rren t path  hand  to  hand  for l arge  su rface  areas  of con tact (order of magn i tude  
1 0  000  mm2)  i n  d ry (Table  1 ) ,  water-wet (Table  2)  and  sal twater-wet (Table  3)  cond i tions.  

The  range  of the  total  body impedances  for touch  vol tages  up  to  700  V for l arge  surface  areas  
of con tact i n  d ry,  water-wet and  sal twater-wet cond i tions  for a  percenti l e  rank of 50  %  of the  
popu lation  i s  presented  in  F igure  4 .  

The  values  for Tables  1 ,  2  and  3  represent the  best knowledge  on  the  total  body impedances  
ZT  for l i ving  adu l ts.  On  the  knowledge  at present avai lable  the  total  body impedance  ZT  for 
ch i l d ren  i s  expected  to  be  somewhat h igher bu t of the  same  order of magn i tude.  
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Table  1  – Total  body impedances  ZT  for a  current path  hand  to  hand  a.c.  50/60  Hz,  for 
large  surface  areas  of contact in  dry conditions  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT  (Ω)  that  are  not  exceeded  for 

 5  % of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

225  

400  

500  

700  

1  000  

1  750  

1  375  

1  1 25  

990  

900  

850  

825  

800  

775  

700  

625  

575  

575  

3  250  

2  500  

2  000  

1  725  

1  550  

1  400  

1  325  

1  275  

1  225  

950  

850  

775  

775  

6  1 00  

4  600  

3  600  

3  1 25  

2  675  

2  350  

2  1 75  

2  050  

1  900  

1  275  

1  1 50  

1  050  

1  050  

Asymptoti c  va l ue  
 =  i n ternal  impedance  

 575  775   1  050  

NOTE  1  Some  measuremen ts  i nd i cate  that the  tota l  body impedance  for the  cu rren t  path  hand  to  foot  i s  somewhat 
l ower than  for a  cu rren t  path  hand  to  hand  (1 0  %  to  30  %).  

NOTE  2  For l i vi ng  persons  the  val ues  of ZT  correspond  to  a  d u rati on  of cu rren t  fl ow of abou t  0 , 1  s .  For l onger 
du rati ons  ZT  va l ues  may decrease  (abou t 1 0  %  to  20  %)  and  after complete  ruptu re  of the  ski n  ZT  approaches  the   
i n ternal  body impedance  Zi .  

NOTE  3  For the  s tandard  val ue  of the  vol tage  230  V (network-system  3N  ∼  230/400  V)  i t  may be  assumed  that  the  
val ues  of the  tota l  body impedance  are  the  same  as  for a  touch  vol tage  of 225  V.  

NOTE  4  Val ues  of Z
T
 a re  rounded  to  25  Ω .   
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Table  2  – Total  body impedances  ZT  for a  current path  hand  to  hand  a.c.  50/60  Hz,  for 
large  surface  areas  of contact in  water-wet condi tions  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT  (Ω)  that  are  not  exceeded  for 

 5  % of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

225  

400  

500  

700  

1  000  

1 1 75  

1 1 00  

1 025  

975  

900  

850  

825  

800  

775  

700  

625  

575  

575  

2  1 75  

2  000  

1  825  

1  675  

1  550  

1  400  

1  325  

1  275  

1  225  

950  

850  

775  

775  

4  1 00  

3  675  

3  275  

2  950  

2  675  

2  350  

2  1 75  

2  050  

1  900  

1  275  

1  1 50  

1  050  

1  050  

Asymptoti c  va l ue  
 = i n ternal  impedance  

 575  775   1  050  

NOTE  1  Some  measurements  i nd i cate  that  the  tota l  body impedance  for the  cu rren t  path  hand  to  foot  i s  somewhat  
l ower than  for a  cu rren t  path  hand  to  hand  (1 0  %  to  30  %).  

NOTE  2  For l i vi ng  persons  the  va l ues  of ZT  correspond  to  a  d u rati on  of cu rren t  fl ow of abou t  0 , 1  s .  For l onger 
d u rati ons  ZT  va l ues  may decrease  (abou t  1 0  %  to  20  %)  and  after complete  ruptu re  of the  ski n  ZT  approaches  the  
i n ternal  body impedance  Zi .  

NOTE  3  For the  standard  va l ue  of the  vol tage  230  V (network-system  3N  ∼  230/400  V)  i t  may be  assumed  that  the  
val ues  of the  tota l  body impedance  are  the  same  as  for a  touch  vol tage  of 225  V.  

NOTE  4  Val ues  of ZT  a re  rounded  to  25  Ω .  
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Table  3  – Total  body impedances  ZT  for a  current path  hand  to  hand  a.c.  50/60  Hz,  for 
large  surface  areas  of contact in  sal twater-wet conditions  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT  (Ω)  that  are  not  exceeded  for 

 5  % of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

225  

400  

500  

700  

1  000  

960  

940  

920  

880  

850  

830  

81 0  

790  

770  

700  

625  

575  

575  

1  300  

1  275  

1  250  

1  225  

1  200  

1  1 80  

1  1 55  

1  1 35  

1  1 1 5  

950  

850  

775  

775  

1  755  

1  720  

1  685  

1  655  

1  620  

1  590  

1  560  

1  530  

1  505  

1  275  

1  1 50  

1  050  

1  050  

Asymptoti c va l ue  
 =  i n terna l  impedance  

 575  775   1  050  

NOTE  1  Some  measuremen ts  i nd icate  that  the  tota l  body impedance  for the  cu rren t  path  hand  to  foot  i s  somewhat  
l ower than  for a  cu rren t  path  hand  to  hand  (1 0  %  to  30  %).  

NOTE  2  Due  to  l ow ski n  impedances  i n  th i s  case  i t  may be  assumed  that ZT  d epends  l i ttl e  on  the  du rati on  of 
cu rren t fl ow;  ZT  approaches  the  i n ternal  body impedance  Zi .  

NOTE  3  For the  standard  va l ue  of the  vol tage  230  V (network-system  3N  ∼  230/400  V)  i t  may be  assumed  that  the  
va l ues  of the  tota l  body impedance  are  the  same  as  for a  touch  vol tage  of 225  V.  

NOTE  4  Val ues  of ZT  a re  rounded  to  5  Ω .  

 
The  values  i nd icated  i n  Tables  1  to  3  have  been  derived  from  measurements  carried  ou t on  
corpses  and  on  l i ving  persons  (adu l ts,  males  and  females)  as  described  i n  Annex A.  

At vol tages  h igher than  approximately 1 25  V for water-wet cond i tions  and  400  V for sa l twater-
wet cond i tions  the  values  for the  total  body impedance  are  the  same as  for d ry cond i tions  
(see  F igure  4).  

4.5.2  Sinusoidal  al ternating  current 50/60  Hz for medium  and  smal l  surface  areas  of 
contact 

The  value  of the  i n ternal  body impedances  Zi  and  of the  i n i tia l  body resistance  R0  (see  4 . 6)  
depend  on ly to  a  smal l  exten t on  the  su rface  areas  of con tact.  

However,  when  the  su rface  area  of con tact i s  very smal l ,  i n  the  order of a  few square  
m i l l imetres,  the  values  are  i ncreased .  

After the  skin  has  broken  down  (for touch  vol tages  over approx.  1 00  V and  after l onger 
durations  of cu rren t fl ow),  the  tota l  body impedance  ZT  approaches  values  of the  i n ternal  body 
impedance  Zi  and  depends  on ly to  a  smal l  exten t on  the  surface  area  of con tact and  i ts  
cond i tion  of dampness.  

The  measurements  of the  dependence  of the  total  body impedance  ZT  on  the  surface  area  of 
con tact for a. c.  50  Hz i n  d ry,  water-wet and  sal twater-wet cond i tions  wh ich  have  been  carried  
ou t on  l i vi ng  persons  at  touch  vol tages  of UT  =  25  V to  200  V are  described  i n  Annex A.  

NOTE  No  data  on  ZT  for su rface  areas  i n  water-wet and  sal twater-wet cond i ti ons  of persons  or corpses  i s  
avai l abl e  for touch  vol tages  above  200  V.  
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The  dependence  of the  tota l  body impedance  ZT  for a  current path  hand  to  hand  on  the  
su rface  area  of con tact ( from  1  mm2  up  to  approximately 8  000  mm2)  i n  d ry cond i tion  for a  
touch  vol tage  range  of 25  V to  200  V,  a . c.  50  Hz,  measured  on  one  person  i s  shown  i n  
F igure  5.  For touch  vol tages  below 1 00  V and  smal l  su rface  areas  of con tact i n  the  order of a  
few mm 2 ,  deviations  i n  the  measurements  can  easi l y reach  abou t +  50  %  of the  average,  
depend ing  on  temperature,  pressure,  l ocation  wi th in  the  palm  of the  hand ,  etc.  

The  dependence  of the  total  body impedance  ZT  between  the  ti ps  of the  righ t forefinger and  
the  l eft forefinger (surface  area  of contact approximately 250  mm2)  on  the  touch  vol tage  for 
a . c.  50/60  Hz for a  vol tage  range  from  25  V to  200  V i s  shown  in  F igure  6 .  

From  F igure  6  one  can  calcu late  that the  partia l  impedance  of one  forefinger at a  touch  

vol tage  of 200  V i s  on  the  order of 1  000  Ω .  

The  measurements  of the  total  body impedance  ZT  shown  i n  F igures  5  and  6  have  been  
carried  ou t on  one  l i ving  person  on ly.  

For a  percenti le  rank of 5  %,  50  %  and  95  %  of a  popu lation  of l i ving  human  beings  on  the  
knowledge  at present avai lable  the  fol l owing  presentation  i s  g iven  for the  tota l  body 
impedance  ZT  for l arge,  med ium  and  smal l  surface  areas  of con tact (order of magn i tude  
1 0  000  mm2 ,  1  000  mm2  and  1 00  mm2  respectively)  i n  d ry,  water-wet and  sal twater-wet 
cond i tions:  

•  for l arge  surface  areas  of con tact,  the  values  have  been  presented  i n  Tables  1 ,  2  and  
3  for d ry,  water-wet and  sal twater-wet cond i tions  for touch  vol tages  UT  =  25  V to  
1  000  V,  a . c.  50/60  Hz;  

•  for med ium  surface  areas  of contact,  the  values  are  presented  in  the  fol lowing  Tables  
4 ,  5  and  6  for d ry,  water-wet and  sal twater-wet cond i tions  for touch  vol tages  UT  =  25  V 
to  200  V a. c.  50/60  Hz;  

•  for smal l  su rface  areas  of con tact,  the  values  are  presented  in  the  fol lowing  Tables  7 ,  8  
and  9  for d ry,  water-wet and  sal twater-wet cond i tions  for touch  vol tages  UT  =  25  V to  
200  V a . c.  50/60  Hz.  

Table  4  –Total  body impedances  ZT  for a  current path  hand  to  hand  for medium  surface  
areas  of contact in  dry conditions  at touch  vol tages  UT  =  25  V to  200  V a.c.  50/60  Hz 

(values  rounded  to  25  Ω)  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT (Ω)  that  are  not exceeded  for 

 5  %  of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

1 1  1 25  

7  1 50  

4  625  

3  000  

2  350  

1  800  

1  550  

1  375  

20  600  

1 3  000  

8  200  

5  200  

4  000  

3  000  

2  500  

2  200  

38  725  

23  925  

1 4  750  

9  1 50  

6  875  

5  050  

4  1 25  

3  525  
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Table  5  – Total  body impedances  ZT  for a  current path  hand  to  hand  for medium  surface  
areas  of contact in  water-wet condi tions  at  touch  vol tages  UT  =  25  V  to  200  V  a.c.  50/60  Hz 

(values  rounded  to  25  Ω)  

Touch  vol tage  

V 

Values  for the  total  body impedances  ZT (Ω)  that are  not exceeded  

for 

 5  % of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

5  050  

4  1 00  

3  400  

2  800  

2  350  

1  800  

1  550  

1  375  

9  350  

7  450  

6  000  

4  850  

4  000  

3  000  

2  500  

2  200  

1 7  575  

1 3  700  

1 0  800  

8  525  

6  875  

5  050  

4  1 25  

3  525  

 

Table  6  – Total  body impedances  ZT  for a  current path  hand  to  hand  for medium  surface  
areas  of contact in  sal twater-wet condi tions  at  touch  vol tages  UT  =  25   V  to  200  V  a.c.  

50/60  Hz (values  rounded  to  5  Ω)  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT (Ω)  that  are  not exceeded  for 

 5  %  of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

1  795  

1  765  

1  740  

1  71 5  

1  685  

1  660  

1  525  

1  350  

2  425  

2  390  

2  350  

2  31 5  

2  280  

2  245  

2  21 0  

2  1 75  

3  275  

3  225  

3  1 75  

3  1 25  

3  075  

3  030  

2  985  

2  935  

 

Table  7  – Total  body impedances  ZT  for a  current path  hand  to  hand  for smal l  surface  
areas  of contact in  dry conditions  at touch  vol tages  UT  =  25  V to  200  V a.c.  50/60  Hz 

(values  rounded  to  25  Ω)  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT  (Ω)  that are  not  exceeded  for 

 5  % of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

91  250  

74  800  

42  550  

23  000  

1 2  875  

7  200  

4  000  

3  500  

1 69  000  

1 36  000  

74  000  

40  000  

22  000  

1 2  000  

6  500  

5  400  

31 7  725  

250  250  

1 33  200  

70  400  

37  850  

20  225  

1 0  725  

8  650  
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Table  8  – Total  body impedances  ZT  for a  current path  hand  to  hand  for smal l  surface  
areas  of contact in  water-wet condi tions  at  touch  vol tages  UT  =  25  V to  200  V a.c.  

50/60  Hz (values  rounded  to  25  Ω)  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT  (Ω)  that  are  not  exceeded  for 

 5  % of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

39  700  

29  800  

22  600  

1 7  250  

1 2  875  

7  200  

4  000  

3  500  

73  500  

54  200  

40  000  

30  000  

22  000  

1 2  000  

6  500  

5  400  

1 38  1 75  

99  725  

72  000  

52  800  

37  850  

20  225  

1 0  725  

8  650  

 

Table  9  – Total  body impedances  ZT  for a  current path  hand  to  hand  for smal l  surface  
areas  of contact in  sal twater-wet condi tions  at  touch  vol tages  UT  =  25  V to  200  V a.c.  

50/60  Hz (values  rounded  to  5  Ω)  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT  (Ω)  that  are  not  exceeded  for 

 5  % of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

5  400  

5  1 05  

4  845  

4  590  

4  330  

4  000  

3  700  

3  400  

7  300  

6  900  

6  550  

6  200  

5  850  

5  550  

5  250  

5  000  

9  855  

9  31 5  

8  840  

8  370  

7  900  

7  490  

7  085  

6  750  

 

4.5.3  Sinusoidal  al ternating  current wi th  frequencies  up  to  20  kHz 

The  values  of the  tota l  body impedance  for 50/60  Hz decrease  at  h igher frequencies  due  to  
the  i n fluence  of the  capaci tances  of the  skin  and  approach ,  for frequencies  above  5  kHz,  the  
i n ternal  body impedance  Zi .  

The  measurements  of the  total  body impedance  wi th  frequencies  up  to  20  kHz at touch  
vol tages  of 1 0  V and  25  V are  described  in  Annex B.  

F igure  1 0  shows  the  frequency dependence of the  total  body impedance  ZT  for a  curren t path  
hand  to  hand  and  large  su rface  areas  of con tact for a  touch  vol tage  of 1 0  V and  frequencies  
from  25  Hz to  20  kHz.  

F igure  1 1  shows  the  frequency dependence  of the  total  body impedance  ZT  for a  curren t path  
hand  to  hand  and  large  su rface  areas  of con tact for a  touch  vol tage  of 25  V and  frequencies  
from  25  Hz to  2  1 50  kHz.  From  the  resu l ts,  curves  have  been  derived  g iving  the  dependence  
of the  tota l  body impedance  ZT  of a  popu lation  for the  50th  percenti le  rank for touch  vol tages  
from  1 0  V to  1  000  V and  a  frequency range  from  50  Hz to  2  1 50  kHz for a  curren t path  hand  
to  hand  or hand  to  foot for l arge  su rface  areas  of con tact i n  d ry cond i tion .  The  cu rves  are  
shown  i n  F igure  1 2 .  

NOTE  No  measuremen ts  have  been  carri ed  ou t  i n  water-wet and  sa l twater-wet cond i ti ons .  
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4.5.4 Di rect current 

The  tota l  body resistance  RT  for d i rect current i s  h i gher than  the  total  body impedance  ZT  for 
a l ternating  cu rrent for touch  vol tages  up  to  approximately 200  V due  to  the  b locking  effect of 
the  capaci tances  of the  human  skin .  

The  measurements  of the  tota l  body impedance  wh ich  have  been  carried  ou t wi th  d i rect 
cu rren t for l arge  surface  areas  of con tact i n  d ry cond i tion  are  described  i n  Annex C.  

NOTE  No  measuremen ts  have  been  carri ed  ou t  i n  water-wet and  sa l twater-wet cond i ti ons .  

The  values  for the  tota l  body resistance  RT  for d i rect curren t determined  i n  the  way described  
i n  Annex C  are  presented  in  Table  1 0  (see  Figure  1 3,  continuous  l i nes).  

For l arge  surface  areas  of contact i n  water-wet and  sal twater-wet cond i tions  the  tota l  body 
resistance  RT  may be  determined  wi th  su fficien t accuracy from  Tables  2  and  3 ,  wh i l e  
neg lecting  smal l  d i fferences  of ZT  between  a . c.  and  d . c.  wh ich  may exist  i n  the  vol tage  range  
below 1 00  V.  For a l l  other cases,  the  tables  for a . c.  can  be  used  for a  conservative  estimate.  

Table  1 0  – Total  body resistances  RT  for a  current path  hand  to  hand,  d .c. ,   
for large  surface  areas  of contact in  dry conditions  

Touch  vol tage  

V 
Values  for the  total  body resistance  RT  (Ω )  that  are  not exceeded  for 

 5  % of the  popu lation  50  % of the  population  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

225  

400  

500  

700  

1  000  

2  1 00  

1  600  

1  275  

1  1 00  

975  

875  

825  

800  

775  

700  

625  

575  

575  

3  875  

2  900  

2  275  

1  900  

1  675  

1  475  

1  350  

1  275  

1  225  

950  

850  

775  

775  

7  275  

5  325  

4  1 00  

3  350  

2  875  

2  475  

2  225  

2  050  

1  900  

1  275  

1  1 50  

1  050  

1  050  

Asymptoti c  va l ue  575  775  1  050  

NOTE  1  Some  measu rements  i n d i cate  that  the  tota l  body res i stance  RT  for the  cu rren t  path  hand  to  foot  i s  
somewhat l ower than  for a  cu rren t  path  hand  to  hand  (1 0  %  to  30  %).  

NOTE  2  For l i vi ng  persons,  the  val ues  of RT  correspond  to  a  d u rati on  of cu rren t  fl ow of abou t  0 , 1  s .  For l onger 
d u rati ons  RT  va l ues  may decrease  (abou t  1 0  %  to  20  %)  and  after complete  ruptu re  of the  ski n  RT  approaches  the  
i n i ti a l  body res i stance  Ro.  

NOTE  3  Values  of RT  a re  rounded  to  25  Ω .  
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4.6  Value  of the  in i tial  resistance  of the  human  body (R0)  

The  value  of the  in i tia l  resistance  of the  human  body R0  for a  curren t path  hand  to  hand  or 

hand  to  foot and  large  surface  areas  of con tact can  be  taken  as  equal  to  500  Ω  for a  
percenti le  rank of 5  %  for a . c.  and  for d . c.  The  values  for 50  %  and  95  %  of the  popu lation  can  

be  taken  as  equal  to  750  Ω  and  1  000  Ω  respectively (sim i lar to  Table  1 ) .  The  values  depend  
on ly l i ttl e  on  the  surface  areas  of contact and  on  cond i tions  of the  skin .  

NOTE  The  val ues  for i n i ti a l  res i stance  R0  are  somewhat  l ower than  the  asymptoti c  val ues  for the  tota l  body 
impedance  ZT  for a . c.  50/60  Hz  and  the  tota l  body res i stance  RT  for d . c. ,  because  when  con tact i s  made  the  

capaci tances  of the  ski n  and  the  i n ternal  capaci tance  of the  body are  uncharged .  

5 Effects  of s inusoidal  al ternating  current in  the  range of 1 5  Hz to  1 00  1 50  Hz 

Th is  Clause  5  describes  the  effects  of s inusoidal  a l ternating  curren t passing  through  the  
human  body wi th in  the  frequency range  1 5  Hz to  1 00  1 50  Hz.  

NOTE  Un l ess  otherwi se  speci fi ed ,  the  cu rren t  val ues  defi ned  herei nafter are  r.m . s .  va l ues.  

Examples  of touch  curren ts  and  thei r effects  are  shown  in  F igure  20.  

5.1  Threshold  of perception  

The  threshold  depends  on  several  parameters,  such  as  the  area  of the  body i n  con tact wi th  an  
e lectrode  (contact area),  the  cond i tions  of contact (d ry,  wet,  pressure,  temperature),  and  a lso  
on  the  physiolog ical  characteristics  of the  i nd ividual .  

5.2  Threshold  of reaction  

The  threshold  depends  on  several  parameters,  such  as  the  area  of the  body i n  con tact wi th  an  
e lectrode  (contact area),  the  cond i tions  of contact (d ry,  wet,  pressure,  temperature),  and  a lso  
on  the  physiolog ical  characteristics  of the  i nd ividual .  

A value  of 0 , 5  mA independent of time,  i s  assumed  i n  th is  techn ical  speci fication  for the  
threshold  of reaction  when  touch ing  a  conductive  surface.  

5.3  Immobi l ization  

Immobi l i sation  i n  th is  document means  the  effect of e lectric cu rrent such  that the  body of the  
i n fluenced  human  being  (or part  of the  body)  cannot move  volun tari l y.   

The  effect on  muscles  may resu l t from  curren t fl owing  th rough  the  affected  muscles  or 
th rough  associated  nerves  or the  associated  part of the  brain .  

The  values  of curren t wh ich  cause  immobi l i sation  depend  on  the  volume  of the  muscles  
affected ,  the  type  of nerve  and  the  parts  of the  brain  affected  by the  curren t.  

5.4 Threshold  of let-go 

The  th reshold  of l et-go  depends  on  several  parameters,  such  as  the  con tact area,  the  shape  
and  s ize  of the  e lectrodes  and  a lso  on  the  physiolog ical  characteristics  of the  i nd ividual .  

A value  of abou t 1 0  mA is  assumed  for adu l t  males  in  th is  techn ical  speci fi cation .   

I n  th is  document a  va lue  of abou t 5  mA covers  the  en ti re  popu lation  (for add i tional  
i n formation ,  see  F igure  23).  
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5.5  Threshold  of ventricu lar fibri l lation  

The  threshold  of ventricu lar fibri l lation  depends  on  physiolog ical  parameters  (anatomy of the  
body,  state  of card iac function ,  etc. )  as  wel l  as  on  e lectrical  parameters  (duration  and  
pathway of cu rren t fl ow,  curren t characteristic,  etc. ) .  A description  of heart activi ty i s  g i ven  i n  
F igures  1 7  and  1 8.  

Wi th  s inusoidal  a . c.  (50  Hz or 60  Hz),  there  i s  a  considerable  decrease  i n  the  th reshold  of 
fi bri l l ation  i f the  curren t fl ow i s  prolonged  beyond  one  card iac cycle.  Th is  effect resu l ts  from  
the  increase  i n  i nhomogenei ty of the  exci tatory state  of the  heart due  to  the  cu rrent i nduced  
extra-systoles.  

For shock du rations  below 0 , 1  s ,  fi bri l l ation  may occur for curren t magn i tudes  above  500  mA,  
and  i s  l i kely to  occur for cu rren t magn i tudes  i n  the  order of several  amperes,  on ly i f the  shock 
fa l l s  wi th in  the  vu lnerable  period .  For shocks  of such  in tensi ti es  and  durations  l onger than  one  
card iac cycle  reversible  card iac arrest may be  caused .  

For duration  of curren t fl ow longer than  one  heart period  F igure  1 9  shows  a  comparison  
between  the  thresholds  of ven tricu lar fi bri l lation  from  an imal  experiments  and  for human  
beings  calcu lated  from  statistics  of e lectrical  accidents.  

I n  adapting  the  resu l ts  from  an imal  experiments  to  human  beings,  an  empirical  curve  c1  (see  
F igure  20)  was  conventional ly establ ished  for a  curren t path  l eft hand  to  both  feet,  below 
wh ich  fibri l l ation  i s  un l ikely to  occur.  The  h igh  l evel  for short durations  of exposure  between  
1 0  ms  and  1 00  ms  was  chosen  as  a  descend ing  l i ne  from  500  mA to  400  mA.  On  the  basis  of 
i n formation  on  e lectrical  accidents,  the  l ower l evel  for durations  l onger than  1  s  was  chosen  
as  a  descend ing  l i ne  from  50  mA at 1  s  to  40  mA for durations  l onger than  3  s .  Both  levels  
were  connected  by smooth  curves.  

By statistical  evaluation  of an imal  experiments,  cu rve  c2  and  curve  c3  (see  F igure  20)  have  
been  establ i shed  defin ing  a  probabi l i ty of fibri l l ation  of about 5  %  and  50  %  respectively.  
Curves  c1 ,  c2  and  c3  apply for cu rren t path  left  hand  to  both  feet.  

5.6  Other effects  related  to  electric  shocks  

Other e lectrical  effects  such  as  muscu lar con tractions,  ri se  i n  b lood  pressure,  d isturbances  of 
formation  and  conduction  of card iac impu lses  ( includ ing  atria l  fi bri l l ation  and  transient rhythm  
d istu rbances)  may occur.  Such  effects  are  not general l y l ethal .  

Wi th  curren ts  of several  amperes  l asting  more  than  seconds,  deep-seated  burns,  and  other 
i n ternal  i n ju ries,  may occur.  Surface  burns  may al so  be  seen .  

H igh  vol tage  accidents  may not resu l t  i n  ventricu lar fi bri l lation ,  i nstead  g iving  other forms  of 
card iac arrest.  Th is  i s  shown  i n  acciden t statistics  and  confi rmed  by an imal  experiments.  
However there  i s  at present i nsu fficien t data  to  d i fferen tiate  the  l i kel i hood  of these  cond i tions.   

Ven tricu lar fibri l l ation  i s  fatal  because  i t  den ies  b lood  flow wh ich  transports  requ i red  oxygen .  
E lectrical  acciden ts  that do  not i nvolve  ven tricu lar fibri l lation  can  a lso  be  fata l .  Other effects  
may affect respi ration  and  m igh t prevent the  person  from  shouting  for help.  These  related  
mechan isms  i nclude  functional  d istu rbance  of respi ratory con trol ,  paralysis  of respi ratory 
muscles,  damage  to  the  neural  activation  pathways  for these  muscles,  and  damage  to  the  
respi ratory control  mechan ism  wi th in  the  brainstem.  These  effects,  i f permanent,  l ead  
i nevi tably to  death .  I f a  person  i s  to  recover from  a  reversib le  respi ratory effect,  prompt 
arti ficia l  respi ration  i s  mandatory.  Nonetheless,  the  person  may sti l l  d ie .  I f cu rren t fl ows  
through  cri ti cal  parts  such  as  the  spinal  cord  or the  respi ratory con trol  cen tre,  death  can  
occur.  These  effects  are  under consideration  and  thresholds  are  not yet defined .  

H igh  transmembrane  e lectric fie lds  can  damage  cel l s ,  especia l l y l ong  s lender cel l s ,  such  as  
skeletal  muscle  cel l s.  Th is  i s  not a  thermal  effect.  Th is  has  been  observed  for example  wi th  
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h igh-magn i tude,  short-duration  body curren ts  (such  as  from  momentary con tact wi th  h igh-
vol tage  power d istribu tion  l i nes).  A h igh  electric fi e ld  across  cel l  membranes  can  i nduce  the  
formation  of pores  in  the  membranes.  The  effect i s  ca l led  e lectroporation .  The  pores  may be  
stable  and  u l timately seal  over,  or may en large,  become unstable,  and  subsequently cause  
rupture  of the  cel l  membranes.  Tissue  then  becomes  i rreversibly damaged .  Necrosis  of the  
ti ssue  can  occur,  often  requ i ring  amputation  of i n ju red  l imbs.  E lectroporation  i s  not l im i ted  to  
any particu lar curren t magn i tude  or to  any particu lar current pathway or duration  of flow.  

Related  non-electrical  i n j uries,  such  as  traumatic i n jury,  shou ld  be  considered .   

5.7  Effects  of current on  the  skin  

Figure  1 4  shows the  dependence  of changes  of the  human  skin  on  curren t densi ty,  iT  
(mA/mm2)  and  du ration  of curren t fl ow.  

As  a  gu idel ine  the  fol lowing  values  can  be  g iven :  

•  below 1 0  mA/mm2 ,  i n  general  no  changes  to  the  skin  are  observed .  For l onger 
durations  of current flow (several  seconds)  the  skin  below the  electrode  may be  of 
g reyish-wh i te  colour wi th  a  coarse  surface  (zone  0);  

•  between  1 0  mA/mm2  and  20  mA/mm2 ,  a  redden ing  of the  skin  occurs  wi th  a  wave  l i ke  
swel l i ng  of wh i tish  colour a long  the  edges  of the  e lectrode  (zone  1 ) ;  

•  between  20  mA/mm2  and  50  mA/mm2 ,  a  brown ish  colour develops  below the  e lectrode  
extend ing  i n to  the  skin .  For longer durations  of cu rrent fl ow (several  tens  of seconds)  
fu l l  cu rren t marks  (b l isters)  are  to  be  observed  around  the  electrode  (zone  2);  

•  above  50  mA/mm2 ,  carbon ization  of the  skin  can  occur (zone  3);  

•  wi th  l arge  con tact areas  curren t densi ties  may be  l ow enough  not to  cause  any 
a l terations  of the  skin  i n  spi te  of fata l  curren t magn i tudes.  

5.8  Description  of time/current zones  (see  Figure  20)  

Table  1 1  – Time/current zones  for a.c.  1 5  Hz to  1 00  Hz for hand  to  feet pathway –  
Summary of zones  of Figure  20  

Zones  Boundaries   Physiolog ical  effects  

AC-1  Up  to  0 , 5  mA 
cu rve  a  

Perception  poss ib l e  bu t usual l y no  ‘ s tartl ed ’  reacti on  

AC-2  0 , 5  mA up  to  
cu rve  b   

Perception  and  i nvol un tary muscu lar con tracti ons  l i ke l y bu t  usual l y no  harmfu l  
e l ectri ca l  phys io l og ical  effects  

AC-3  Cu rve  b  and  
above  

 

S trong  i nvol un tary muscu l ar con tracti ons.  D i ffi cu l ty i n  breath i ng .  Reversi b l e  
d i s tu rbances  of heart  functi on .  Immobi l i zati on  may occur.  Effects  i ncreas ing  
wi th  cu rren t  magn i tude.  U sua l l y no  organ ic  damage  to  be  expected   

AC-4  1 )  Above  cu rve  
c
1
 

Patho-physiol og ica l  effects  may occur such  as  card i ac arrest,  breath i ng  arrest,  
and  bu rns  or o ther cel l u l ar damage.  Probabi l i ty of ven tri cu l ar fi bri l l a ti on  
i ncreas i ng  wi th  cu rren t  magn i tude  and  time   

 c
1
-c

2
 AC-4 . 1  Probabi l i ty of ven tri cu lar fi bri l l a ti on  i ncreas ing  up  to  abou t  5  %  

 c
2
-c

3
 AC-4 . 2  Probabi l i ty of ven tri cu lar fi bri l l a ti on  up  to  abou t 50  %  

 Beyond  cu rve  
c
3
 

AC-4 . 3  Probabi l i ty of ven tri cu lar fi bri l l a ti on  above  50  %  

1 )   For du rati ons  of cu rren t  fl ow be l ow 200  ms,  ven tri cu l ar fi bri l l a ti on  i s  on l y i n i ti ated  wi th i n  the  vu l nerable  period  
i f the  re l evant  th reshol ds  are  su rpassed .  As  regards  ven tri cu l ar fi bri l l a ti on ,  th i s  fi g u re  re l ates  to  the  effects  of 
cu rren t  wh ich  fl ows  i n  the  path  l eft  hand  to  feet.  For o ther cu rren t  paths ,  the  heart  cu rren t  factor has  to  be  
cons idered .  
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5.9  Appl ication  of heart-current factor (F)  

The  heart-curren t factor permi ts  the  calcu lation  of curren ts  Ih  th rough  paths  other than  l eft  
hand  to  feet wh ich  represent the  same  danger of ven tricu lar fibri l l ation  as  that correspond ing  
to  Iref  l eft  hand  to  feet shown  i n  F igure  20:  

Ih  =  
F

Iref  

where  

Iref   i s  the  body cu rrent for the  path  left  hand  to  feet g iven  in  F igure  20;  

Ih  i s  the  body curren t for paths  g iven  in  Table  1 2 ;  

F i s  the  heart-current factor g i ven  in  Table  1 2 .  

NOTE  The  heart-cu rren t  factor i s  to  be  consi dered  as  on l y a  rough  estimati on  of the  re l ati ve  d anger of the  vari ous  
cu rren t paths  wi th  regard  to  ven tri cu l ar fi bri l l a ti on .  

For d i fferen t curren t paths,  the  fol lowing  heart-current factors  are  g iven  i n  Table  1 2 .  

Table  1 2  – Heart-current factor F for d i fferent current paths  

Current  path  Heart-current  factor F 

Left  hand  to  l eft  foot,  ri g h t foot  or both  feet  

Both  hands  to  both  feet 

Left  hand  to  ri gh t  hand  

Ri gh t hand  to  l eft  foot,  ri gh t  foot or to  both  feet  

Back to  ri gh t hand  

Back to  l e ft  hand  

Chest to  ri gh t  hand  

Chest to  l eft  hand  

Seat  to  l e ft  hand ,  ri gh t  hand  or to  both  hands  

Left  foot  to  ri gh t  foot 

1 , 0  

1 , 0  

0 , 4  

0 , 8  

0 , 3  

0 , 7  

1 , 3  

1 , 5  

0 , 7  

0 , 04  

 

EXAMPLE  A cu rren t  of 225  mA hand  to  hand  has  the  same  l i ke l i hood  of produci ng  ven tri cu l ar fi bri l l a ti on  as  a  
cu rren t of 90  mA l eft  hand  to  both  feet.  

6 Effects  of d i rect current 

Th is  clause  describes  the  effects  of d i rect current passing  through  the  human  body.  

NOTE  1  The  term  "d i rect  cu rren t"  means  ri pp l e-free  d i rect  cu rren t.  However,  as  regards  fi bri l l a ti on  effects ,  the  
data  g i ven  i n  th i s  cl ause  are  cons idered  to  be  conservati ve  for d i rect  cu rren ts  having  a  s i nusoi dal  ri pp l e  con ten t  of 
not  more  than  1 0  %  r.m . s .  

NOTE  2  The  i n fl uence  of ri ppl e  i s  dea l t  wi th  i n  chapter 5  of I EC  60479-2 .  

NOTE  3  For du rati ons  of cu rren t  fl ow bel ow 1 0  ms  see  chapter 6  of I EC  60479-2 .   

An  example  of a  touch  curren t and  i ts  effects  are  shown  i n  F igure  21 .  

6.1  Threshold  of perception  and  threshold  of reaction  

These  thresholds  depend  on  several  parameters,  such  as  the  con tact area,  the  cond i tions  of 
con tact (dryness,  wetness,  pressure,  temperature),  the  duration  of curren t fl ow and  on  the  
physiolog ical  characteristi cs  of the  i nd ividual .  Un l ike  a. c. ,  on ly making  and  breaking  of curren t 
i s  fe l t  and  no  other sensation  i s  noticed  during  the  curren t fl ow at the  level  of the  threshold  of 
perception .  Under cond i tions  comparable  to  those  appl ied  i n  stud ies  wi th  a. c. ,  the  threshold  of 
reaction  was  found  to  be  abou t 2  mA.  
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6.2  Threshold  of immobi l ization  and  threshold  of let-go 

Un l ike  a . c.  there  i s  no  definable  threshold  of immobi l i zation  or l et-go  for d . c.  On ly making  and  
breaking  of cu rren t l ead  to  pain fu l  and  cramp-l ike  con tractions  of the  muscles.  

6.3  Threshold  of ventricu lar fibri l lation  

As described  for a . c.  (see  5.5),  the  threshold  of ven tricu lar fibri l l ation  i nduced  by d . c.  depends  
on  physiolog ical  as  wel l  as  on  e lectrical  parameters.  

I n formation  derived  from  e lectrical  acciden ts  seems  to  i nd icate  that the  danger of ven tricu lar 
fibri l l ation  general l y exists  for l ong i tud inal  cu rrents.  For transverse  currents,  experiments  on  
an imals  have,  however,  shown  that at  h igher cu rren t i n tensi ties  ven tricu lar fibri l l ation  may 
a lso  occur.  

Experiments  on  an imals  as  wel l  as  i n formation  derived  from  electrical  acciden ts  show that the  
threshold  of fi bri l l ation  for a  downward  curren t i s  abou t twice  as  h igh  as  for an  upward  curren t.  

For shock durations  longer than  the  card iac cycle,  the  th reshold  of fibri l l ation  for d . c.  i s  
several  times  h igher than  for a . c.  For shock durations  shorter than  200  ms,  the  threshold  of 
fibri l l ation  i s  approximately the  same as  for a . c.  measured  i n  r.m. s.  va lues.  

Curves  derived  from  an imal  experiments  have  been  constructed  that apply to  l ong i tud inal ,  
upward  (feet posi tive)  curren t.  Curves  c2  and  c3  i n  F igure  22  show the  calcu lated  
combinations  of curren t magn i tude  and  du ration  at  wh ich  the  probabi l i ties  of ven tricu lar 
fibri l l ation  of the  an imals  are  about 5  %  and  50  %  respectively when  the  curren t path  i s  
l ong i tud inal  through  the  body ( i . e .  l eft  foreleg  to  both  h ind  l egs).  Curve  c1  shows  curren t and  
duration  combinations  below wh ich  the  l i kel ihood  of ventricu lar fi bri l lation  i s  estimated  to  be  
very l ow for the  same long i tud inal  pathway of curren t through  the  body based  on  the  an imal  
stud ies.  Later stud ies  show that the  ven tricu lar fibri l l ation  threshold  for humans  i s  h igher than  
the  cu rren t magn i tude  as  compared  to  the  an imals  for each  du ration .  For example,  the  l eft 
hand  to  feet th reshold  curren t for a  heal thy human  m igh t be  i n  the  order of 200  mA for l ong  
durations  of current.  However,  not a l l  human  hearts  are  heal thy,  and  some  malad ies  can  
affect the  ven tricu lar fibri l l ation  threshold .  Some  people  wi th  unheal thy heart cond i tions  have  
ven tricu lar fibri l l ation  thresholds  below normal ,  bu t the  amount of the  reduction  i s  not 
precisely known .  Therefore,  i t  i s  recommended  that the  c1  l i ne  shown  i n  the  fi gure  that i s  
based  on  an imal  stud ies,  be  used  to  describe  the  ven tricu lar fibri l l ation  threshold  for humans  
as  a  conservative  estimate.  There  are  no  known  e lectrical  accidents  that show an  
e lectrocu tion  below the  c1  cu rve.  Th is  i nd icates  that the  c1  cu rve  i s  probably conservative  for 
a l l  humans.  For l ong i tud inal  downward  current ( feet negative),  the  curves  have  to  be  sh i fted  
to  a  h igher cu rren t magn i tude  by a  factor of approximately 2 .  

6.4 Other effects  of current 

Above  approximately 1 00  mA,  a  sensation  of warmth  may be  fel t  i n  the  extremi ties  during  
cu rren t-flow.  Wi th in  the  con tact area,  pain fu l  sensations  are  fel t.  

Transverse  cu rren ts  up  to  300  mA flowing  through  the  human  body for several  m inu tes  m igh t,  
i ncreasing  wi th  time  and  current,  cause  reversible  card iac dysrhythmias,  curren t marks,  
burns,  d izziness  and  sometimes  unconsciousness.  Above  300  mA,  unconsciousness  
frequently occurs.  

Wi th  curren ts  of several  amperes  l asting  longer than  seconds,  deep-seated  burns  or other 
i n juries,  and  even  death ,  are  l i kely to  occur.  

Effects  such  as  e lectroporation  (see  5. 6)  can  resu l t  from  con tact wi th  d . c.  ci rcu i ts  as  wel l  as  
a . c.  ci rcu i ts.  

Related  non-electrical  i n ju ries,  such  as  traumatic i n jury,  shou ld  be  considered .   
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6.5  Description  of time/current zones  (see  Figure  22)  

Table  1 3  – Time/current zones  for d .c.  for hand  to  feet pathway – 
Summary of zones  of Figure  22  

Zones  Boundaries   Physiolog ical  effects  

DC-1  Up  to  2  mA 
cu rve  a  

S l i gh t pri cki ng  sensation  possib l e  when  maki ng ,  breaki ng  or rap i d l y a l teri ng  
cu rren t fl ow 

DC-2  2  mA up  to  
cu rve  b  

I nvol un tary muscu l ar con tracti ons  l i ke l y especia l l y when  making ,  breaki ng  or 
rap i d l y a l teri ng  cu rren t fl ow bu t  u sual l y no  harmfu l  e l ectrical  phys i o log ical  
effects  

DC-3  Cu rve  b  and  
above  

S trong  i nvol un tary muscu l ar reacti ons  and  reversi b l e  d i stu rbances  of 
formati on  and  conduction  of impu l ses  i n  the  heart  may occur,  i ncreasi ng  wi th  
cu rren t magn i tude  and  time.  Usual l y no  organ ic damage  to  be  expected  

DC-4  1 )  Above  cu rve  c
1
 Patho-phys iol og ica l  e ffects  may occu r such  as  card i ac arrest,  breath i ng  

arrest,  and  bu rns  or o ther cel l u l ar damage.  Probabi l i ty of ven tri cu l ar 
fi bri l l ati on  i ncreasi ng  wi th  cu rren t  magn i tude  and  time  

 c
1
-c

2
 DC-4 . 1  Probabi l i ty of ven tri cu lar fi bri l l a ti on  i ncreas ing  up  to  abou t  5  %  

 c
2
-c

3
 DC-4 . 2  Probabi l i ty of ven tri cu lar fi bri l l a ti on  up  to  abou t 50  %  

 Beyond  cu rve  c
3
 DC-4 . 3  Probabi l i ty of ven tri cu lar fi bri l l a ti on  above  50  %  

1 )  For du rati ons  of cu rren t  fl ow be l ow 200  ms,  ven tri cu l ar fi bri l l a ti on  i s  on l y  i n i ti ated  wi th i n  the  vu l nerable  peri od  i f 
the  re l evant  th reshol ds  are  su rpassed .  As  regards  ven tri cu lar fi bri l l a ti on  th i s  fi g u re  re l ates  to  the  effects  of cu rren t  
wh i ch  fl ows  i n  the  path  l e ft  hand  to  feet  and  for upward  cu rren t.  For other cu rren t  paths  the  heart  cu rren t  factor has  
to  be  consi dered .  

 

6.6  Heart factor 

The  heart factor F appl ies  to  d . c.  the  same  as  for a . c.  (see  5. 8) .  

 

Zs1  

Zi  

Zs2  

ZT  

IEC   980/05 

 

Key 

Zi  i n ternal  impedance   

Zs1 ,  Zs2  impedance  of the  ski n  

ZT tota l  impedance  

Figure  1  – Impedances  of the  human  body  
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The  numbers  i nd i cate  the  percen tage  of the  i n terna l  impedance  of the  h uman  body for the  part  of the  body 
concerned ,  i n  re l a ti on  to  the  path  hand  to  foot.  

NOTE   I n  order to  ca l cu l ate  the  tota l  body impedance  ZT  for a  g i ven  cu rren t  path ,  the  i n ternal  parti a l  impedances  
Zi p  for a l l  parts  of the  body of the  cu rren t  path  have  to  be  added  as  wel l  as  the  impedances  of the  ski n  of the  
su rface  areas  of con tact.  The  numbers  ou tsi de  the  body show i n ternal  portions  of the  impedance  to  be  added  to  the  
tota l ,  when  the  cu rren t en ters  at  that  po i n t.  

 

Figure  2  – In ternal  partial  impedances  Zi p  of the  human  body  
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Key 

Zi p  i n terna l  parti a l  impedance  of one  extremi ty (arm  or l eg )  

NOTE  The  i n ternal  impedance  from  one  hand  to  both  feet  i s  approximatel y 75  % ,  the  impedance  from  both  hands  
to  both  feet  50  %  and  the  impedance  from  both  hands  to  the  trunk of the  body 25  %  of the  impedance  hand  to  hand  
or hand  to  foot.  

Figure  3  – Simpl i fied  schematic  d iagram  for the  in ternal  impedances  of the  human  body 
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Key 

1  d ry cond i ti ons  (Tabl e  1 )  

2  water-wet  cond i ti ons  (Table  2 )  

3  sa l twater-wet cond i ti ons  (Tabl e  3)  

Figure  4  – Total  body impedances  ZT  (50  %)  for a  current path  hand  to  hand,  for large  
surface  areas  of contact in  dry,  water-wet and  sal twater-wet condi tions  for a  percenti le  

rank of 50  % of the  population  for touch  vol tages  UT  =  25  V to  700  V,  a.c.  50/60  Hz 
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Key 

(For fu rther d eta i l s ,  see  Annex D)  

1  Su rface  area  of con tact   8200  mm 2  

2  Su rface  area  of con tact   1 250  mm 2  

3  Su rface  area  of con tact   1 00  mm2  

4  Su rface  area  of con tact    1 0  mm2  

5  Su rface  area  of con tact     1  mm2  

(Breakdown  of the  ski n  at  220  V)  

Figure  5  – Dependence of the  total  impedance  ZT  of one  l iving  person  on  the  surface 
area  of contact in  dry condi tion  and  at  touch  vol tage  (50  Hz)  
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Key 

1  l arge  su rface  areas  of con tact  (approximate l y 8  000  mm 2 ) ,  cu rren t  path  hand  to  hand  

2  su rface  areas  of fi ngerti ps  (approx.  250  mm2 ) ,  cu rren t  path  from  the  ti ps  of the  ri gh t  to  l eft  forefi nger 

Figure  6  – Dependence  of the  total  body impedance  ZT  on  the  touch  vol tage  UT   
for a  current path  from  the  tips  of the  right to  the  left  forefinger compared   

with  large surface areas  of contact from  the  right to  the  left  hand  in  dry condi tions  
measured  on  one  l iving  person,  touch  vol tage range  UT  =  25  V to  200  V,  a.c.   

50  Hz,  duration  of current flow max.  25  ms  
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Key 

1  l arge  su rface  areas  of con tact,  e l ectrodes  type  A (order of magn i tude  1 0  000  mm 2 ) ,  accord i ng  to  Table  1  

2  m i dd l e  s i zed  su rface  areas  of con tact,  e l ectrodes  type  B  (order of magn i tude  1 000  mm 2 ) ,  accord i ng  to  Tabl e  5  

3  smal l  su rface  areas  of con tact,  e l ectrodes  type  C  (order of magn i tude  1 00  mm2 ) ,  accord i ng  to  Tabl e  8  

Figure  7  – Dependence  of the  total  body impedance  ZT  for the  50
th  percenti le  rank  

of a  popu lation  of l iving  human  beings  for large,  medium and  smal l  surface  areas   
of contact (order of magni tude  1 0  000  mm2 ,  1  000  mm2  and  1 00  mm2  respectively)   
i n  dry condi tions  at  touch  vol tages  UT  =  25  V to  200  V a.c.  50/60  Hz 
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Key 

1  l arge  su rface  areas  of con tact,  e l ectrodes  type  A (order of magn i tude  1 0  000  mm 2 ) ,  accord i ng  to  Table  2  

2  m i dd l e  s i zed  su rface  areas  of con tact,  e l ectrodes  type  B  (order of magn i tude  1  000  mm2 ) ,  accord i ng  to  Tab le  6  

3  smal l  su rface  areas  of con tact,  e l ectrodes  type  C  (order of magn i tude  1 00  mm2 ) ,  accord i ng  to  Tabl e  9  

 

F igure  8  – Dependence  of the  total  body impedance ZT  for the  50
th  percenti le  rank  

of a  population  of l iving  human  beings  for l arge,  medium  and  smal l  surface  areas   
of contact (order of magnitude  1 0  000  mm2  1  000  mm2  and  1 00  mm2  respectively)   

i n  water-wet condi tions  at  touch  vol tages  UT  =  25  V to  200  V,  a.c.  50/60  Hz 
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Key 

1  l arge  su rface  areas  of con tact,  e l ectrodes  type  A (order of magn i tude  1 0  000  mm 2 ) ,  accord i ng  to  Table  3  

2  m i dd l e  s i zed  su rface  areas  of con tact,  e l ectrodes  type  B  (order of magn i tude  1  000  mm2 ) ,  accord i ng  to  Tab le  7  

3  smal l  su rface  areas  of con tact,  e l ectrodes  type  C  (order of magn i tude  1 00  mm2 ) ,  accord i ng  to  Tabl e  1 0  

 

F igure  9  – Dependence  of the  total  body impedance  ZT  for the  50
th  percenti le  rank  

of a  population  of l iving  human  beings  for l arge,  medium  and  smal l  surface  areas   
of contact (order of magni tude  1 0  000  mm2 ,  1  000  mm2  and  1 00  mm2  respectively)   
i n  sal twater-wet conditions  at  touch  vol tages  UT  =  25  V to  200  V,  a.c.  50/60  Hz 
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Figure  1 0  – Values  for the  total  body impedance  ZT  measured  on  1 0  l iving  human  beings  
with  a  current path  hand  to  hand  and  large  surface areas  of contact in  dry conditions   

at  a  touch  vol tage  of 1 0  V and  frequencies  from  25 Hz to  20  kHz 
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Figure  1 1  – Values  for the  total  body impedance  ZT  measured  on  one  l iving  human  
being  with  a  current path  hand  to  hand  and  large  surface areas  of contact  

i n  dry condi tions  at  a  touch  vol tage  of 25  V and  frequencies  from  25  Hz to  2  kHz 
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F igure  1 2  – Frequency dependence  of the  total  body impedance ZT  of a  population   
for a  percenti le  rank of 50  % for touch  vol tages  from  1 0  V to  1  000  V and  a  frequency 

range  from  50  Hz to  2  1 50  kHz for a  current path  hand  to  hand  or hand  to  foot,   
l arge  surface  areas  of contact in  dry conditions  
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Key 

1  body res i stance  RT  for d . c.  

2  body impedance  ZT  for a . c.  50  Hz  

Figure  1 3  – Statistical  value  of total  body impedances  ZT  and  body resistances  RT   
for a  percenti le  rank of 50  % of a  popu lation  of l iving  human  beings  for the  current path  

hand  to  hand,  large  surface  areas  of contact,  dry condi tions,  for touch  vol tages   
up  to  700  V,  for a.c.  50/60  Hz and  d .c.  
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Key 

Zone  3  =  carbon i zati on  of ski n  

Zone  2  =  cu rren t  marks  

Zone  1  =  redden ing  of ski n  

Zone  0  =  no  effects  

Figure  1 4  – Dependence  of the  al teration  of human  skin  condi tion  on  current density  iT  
and  duration  of current flow (for detai led  description  of zones,  see  5.7)  
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Electrodes type Shape  of contact  area  

Contact  area  s i ze  
area  effective  (mm 2 )  

Order of magn i tude  (mm 2 )  

Drawings  

mm  

A Brass  cyl i nder 

Large  

8  200  

1 0  000  

 

1 00 

8
0
 

1 0 

 

B  
Form  of a  ri ng  by appropri a te  
coveri ng  wi th  i n su lati ng  tape  

Med ium  

1  250  

1  000  

C  
Square  formed  by appropri ate  
coveri ng  wi th  i n su lated  tape  

Smal l  

1 00  

1 00  

D  
Cyl i n der of i n su l ati ng  materia l  

wi th  ci rcu lar e l ectrode  
1 0  

E  
Cyl i nder of i n su l ati ng  materia l  
wi th  ci rcu lar e l ectrodes  1 ) ,  2 )  

1  

1 )  For th i s  type,  fou r fu rther ci rcu l ar e l ectrodes  of 1  mm 2  a rea  were  used  s i tuated  crosswise  at  a  d i s tance  of 
30  mm  from  the  e l ectrode  at  the  cen tre  of the  su rface  of the  cyl i nder i n  order to  measure  the  devi ati ons  for 
these  poi n ts  i ns i de  the  palm  of the  hand .  

2 )  The  resu l ts  of the  measuremen ts  wi th  th i s  type  of e l ectrodes  showed  l i tt l e  reproducib i l i ty.  

 

F igure  1 5  – E lectrodes  used  for the  measurement of the  dependence   
of the  impedance of the  human  body ZT  on  the  surface  area  of contact 
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A  

 
1  ms 

UT  =  200 V r.m.s.  

U
T
P
 =
 2
8
0
 V
 

I T
P
 =
 4
2
0
 m

A
 

UT   

IT   

IT  =  1 29 mA r.m.s.  

6,2°  
IEC   995/05 

 
UT =  200  V a . c.  ( r.m . s.  va l ue),  d u rati on  of cu rren t  fl ow 6 , 5  ms,  IT (r.m . s . )  =  1 29  mA,  peak val ue  of touch  cu rren t 

ITP  =  420  mA,  tota l  body impedance  ZT =  1  550  Ω ,  i n i ti a l  body res i stance  R0  =  666  Ω ,  s trong  and  pa in fu l  sensati on  
and  i nvol un tary muscu l ar reacti on  i n  arms,  shou l ders  and  l egs .  Though  the  cu rren t  path  was  hand  to  hand ,  the  
body was  l i fted  up,  wh ich  means  that  the  muscles  of the  l egs  have  been  acti vated .  

B 

 
1  ms 

UT  =  200 V r.m.s.  

UT   

IT   

IT  =  1 24 mA r.m.s.  

5°  
IEC   996/05 

 
UT =  200  V a . c.  ( r.m . s .  va l ue) ,  d u rati on  of cu rren t  fl ow 1 6 , 5  ms,  IT (r.m . s. )  =  1 24  mA,  no  sp ike  i n  the  cu rren t 

osci l l og ram,  tota l  body impedance  ZT =  1  61 3  Ω ,  phys i ol og ica l  effects  as  men tioned  u nder a) .  

Key 

A  con tact made  at  the  peak of touch  vol tage  

B  con tact made  at  zero  crossi ng  of touch  vol tage  

Figure  1 6  – Osci l lograms  of touch  vol tages  UT  and  touch  currents  IT  for a.c. ,   
current path  hand  to  hand,  large  surface  areas  of contact in  dry condi tions   

taken  from  measurements  
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NOTE  The  numbers  d es i gnate  the  subsequen t  stages  of propagati on  of the  exci tati on .  

Figure  1 7  – Occurrence of the  vu lnerable  period  of ventricles  during  the  card iac cycle  
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Figure  1 8  – Triggering  of ventricu lar fibri l lation  in  the  vu lnerable  period  – Effects  on  
electro-card iogram  (ECG)  and  blood  pressure 
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Key 

1  fi bri l l a ti on  data  for persons  cal cu l ated  from  stati sti cs  of  acci den ts  (UT  =  220  V,  1 , 6  % ,  UT  =  380  V,  58  %)  

2  fi bri l l ati on  data  for dogs,  d u rati on  of cu rren t  fl ow 5  s  

3  fi bri l l ati on  data  for p i gs,  d u rati on  of cu rren t  fl ow  t  >  1 , 5  ∗  h eart-period  

4  fi bri l l ati on  d ata  for sheep,  d u rati on  of cu rren t  fl ow 3  s  

ca l cu l ated  val ues  based  on  stati s ti cs  of acciden ts  (UT  =  220  V,  1 . 6  %  and  UT  =  380  V,  58  % ,  IT  =  1 1 0  mA 

and  220  mA respecti ve l y)  (1 )  

s tati sti ca l  va l ues  of measuremen ts  wi th  p i gs  ( I  (5  %)  =  1 20  mA,  I  (50  %)  =  1 80  mA)  

(1 )  va l ues  corrected  wi th  the  heart-cu rren t factor F =  0 , 4  

 

Figure  1 9  – Fibri l lation  data  for dogs,  pigs  and  sheep from  experiments  and  for persons  
calcu lated  from  statistics  of electrical  accidents  with  transversal  d i rection  of current 
flow hand  to  hand  and  touch  vol tages  UT  =  220  V and  380  V a.c.  wi th  body impedances  

ZT  (5  %)  
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Figure  20  – Conventional  time/current zones  of effects  of a.c.  currents  (1 5  Hz to  1 00  Hz)  
on  persons  for a  current path  corresponding  to  l eft  hand  to  feet   

(for explanation  see  Table  1 1 )  
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UT =  200  V d . c. ,  d u rati on  of cu rren t fl ow 20  ms,  touch  cu rren t  IT =  1 1 9  mA,  peak val ue  of touch  cu rren t  ITP  =  

301  mA,  tota l  body res i stance  RT =  1  681  Ω ,  i n i ti a l  body res i stance  R0  =  664  Ω ,  s trong ,  bu rn i ng  sensati on  and  
i nvol un tary j erk-l i ke  muscu l ar reacti on  i n  arms  and  shou l ders .  

Figure  21  – Osci l logram  of touch  vol tages  UT  and  touch  current IT  for d .c. ,  current path  
hand  to  hand,  large  surface  areas  of contact in  dry conditions  
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Figure  22  – Conventional  time/current zones  of effects  of d .c.  currents  on  persons   
for a  long itudinal  upward  current path  (for explanation  see  Table  1 3)  

 

 

99,5 
99 

96 

95 

90 

80 

70 
60 

50 
40 

30 
20 
1 0 

5 

2 
1  

0,5 

0 2 4 6 8 1 0 1 2 1 4 1 6 1 8 20 22 

P
a
rt
 o
f 
g
ro
u
p
 t
h
a
t 
c
a
n
n
o
t 
le
t-
g
o
 

p
e
rc
e
n
ta
g
e
 (
p
e
rc
e
n
ti
l 
ra
n
k
) 

Let-go current   mA r.m.s.    ½ percenti le - 6 mA   

½ percenti le - 9 mA   

Dalziel ’s estimate 
for children   28 women   

1 34 men   

IEC   1003/05 

 
 

Figure  23  – Let-go  currents  for 60  Hz s inusoidal  current 

6.7  Effects  of anodic  versus  cathodic  d .c.  currents  

An  electrode  i s  an  i n terface  to  another med ium  where  charged  particles  are  i n terchanged .  

NOTE  Charged  parti cl es  are  to  be  d i fferen tia ted ,  and  an  an i on  i s  a  negati ve l y charged  parti cl e  and  a  cati on  i s  a  
posi ti ve l y charged  parti cl e .  
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An  anode  i s  an  e lectrode  wh ich  i s  at posi tive  poten tial  wi th  respect to  a  l ower poten tia l  
reference,  such  as  the  posi ti ve  terminal  of a  source.  Anod ic cu rrent i s  curren t that fl ows  away 
from  an  anode.  

A cathode  i s  an  e lectrode  wh ich  i s  at  negative  potentia l  wi th  respect to  a  h igher poten tia l  
reference,  such  as  the  negative  terminal  of a  source.  Cathod ic cu rren t i s  cu rren t that fl ows  to  
a  cathode.  

To  understand  that cu rren t flow d i rection  plays  a  role  wi th  d . c.  pu lses,  fi rst a  s imple  
explanatory model  (F igure  24)  i s  i n troduced .  

The  curren t i n  th is  con text i s  conventional  curren t as  opposed  to  electron  fl ow.  Curren t i s  
appl ied  on  a  body part wi th  an  exci table  structure  (e. g .  a  nerve)  i ns ide  via  one  smal l  
e lectrode  1  (cal led  d i fferen t e lectrode)  and  a  l arge  area  e lectrode  2  (cal l ed  i nd i fferen t 
e lectrode).  

Current d istribu tion  i s  asymmetric wi th  a  l arge  curren t densi ty i n  area  A and  a  l ow curren t 
densi ty i n  area  B.  See  F igure  24.  

 

Figure  24 – Effects  of anodic  versus  cathodic  d .c.  currents  

Now various  d . c.  pu lses  show d i fferen t behaviour:  Responses  of the  exci table  structure  arises  
i n  the  fol l owing  order wi th  respect to  i ncreasing  exci tation  cu rrent depend ing  on  polari ty and  
on  e i ther closing  or open ing  the  curren t fl ow of the  ci rcu i t:  

•  cathodal  make  reaction  (CMR);  

•  anodal  make  reaction  (AMR);  

•  anodal  break reaction  (ABR);  

•  cathodal  break reaction  (CBR).  

Th is  i s  ca l led  the  “Law of polar exci tation” .  

IEC 

Excitable 
structure 

(e.g.  nerve)  

Area B  Area A  

Body part  

Electrode 1  Electrode 2  
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Th is  behaviour can  be  expla ined  as  fol lows.  

The  ou tside  of the  membrane  of the  exci table  structure  becomes  more  negative  in  area  A 
when  e lectrode  1  i s  the  cathode.  Th is  resu l ts  i n  that the  membrane  i s  depolarized  because  
the  in ternal  poten tia l  of the  cel l  i s  a l so  negative:  The  cel l  fi res,  i s  exci ted  from  area  A at 
closing  of the  curren t ci rcu i t,  a  CMR resu l ts.  

I f the  polari ty i s  reversed  (electrode  1  i s  now anode)  then  th is  same  response  i s  again  aris ing  
from  the  cathode,  bu t i n  th is  case  i t  has  i ts  orig in  from  area  B  wi th  a  l ower curren t densi ty,  i t  
i s  then  cal led  an  AMR because  the  reference  i s  a lways  the  smal l  d i fferen t e lectrode.  The  
threshold  i s  h igher than  for a  CMR.  Th is  sequence  can  be  reversed  (so  cal led  anodal  d ip)  for 
short pu lses  of abou t 1 80  ms  due  to  a  transien t Ca2+  i on  curren t.  

I f the  current i s  fl owing  after the  closure  and  then  opened ,  an  open ing  response  can  occur.  

The  l ower threshold  for that kind  of response  occurs  again  from  area  A i n  the  anodal  case,  the  
reason  for the  open ing  reaction  i s  that the  channels  responsible  are  depolarized  again  
because  they were  "clamped"  before,  during  the  persisted  cu rren t flow,  resu l ting  i n  an  ABR.  

The  CBR wi th  the  h ighest th reshold  of a l l  has  then  i ts  orig in  from  area  B .  

I n  princip le  th is  behaviour of exci table  cel l s  to  d . c.  pu lses  a lways  occurs  i f the  curren t 
d istribu tion  i s  asymmetric and  the  effect i s  more  or l ess  prominen t depend ing  on  the  
d i fference  in  s ize  and  curren t fl ow between  the  d i fferen t and  ind i fferen t e lectrode.  At l east for 
pu lses  del i vered  wi th in  1  cm  of the  card iac surface,  cathodal  d . c.  pu lse  trains  are  s l i gh tly 
safer as  they requ i re  25  %  more  curren t to  i nduce  ventricu lar fibri l lation  than  anodal  pu lse  
trains  [32] .  

Al so,  i n  princip le,  th is  behaviour i s  present for d i fferen t types  of cel l s ,  not on ly for nerve  cel l s  
bu t equal ly for heart cel l s .  The  effect of the  polari ty i s  val i d  as  wel l  as  for perception  and  for 
fi bri l l ation  (see  F igure  25).  

 

Figure  25  – Pu lsed  d .c.  stimu lation  of s ingle  heart  cel ls  
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The  two  types  of pu lsed  d . c.  stimu lation  appear due  to  changes  in  membrane  poten tia l  during  
cathod ic make  and  during  cathod ic break.  Action  poten tia ls  are  e l ici ted  when  the  membrane  
poten tia l  atta ins  the  threshold .  
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Annexes  

I NTRODUCTION  

Clause  2  of I EC  60479-1  ( th i rd  ed i ti on  1 994)  on  the  impedance  of the  human  body con tained  
l i ttle  i n formation  on  the  dependence  of the  impedance  on  the  su rface  area  of contact and  then  
on ly for d ry cond i tions.  

Therefore  measurements  were  carried  ou t on  1 0  l i vi ng  persons  using  med ium  and  smal l  sur-
face  areas  of con tact i n  d ry,  water-wet and  sal twater-wet cond i tions,  cu rren t path  hand  to  
hand ,  at a  touch  vol tage  of 25  V a . c.  50  Hz.  The  impedance  values  for a  percenti le  rank of 
5  %,  50  %  and  95  %  have  been  calcu lated  from  these  measurements.  

Due  to  unpleasant sensations  and  the  possib i l i ty of i nherent danger,  measurements  using  
l arge  su rface  areas  of con tact (order of magn i tude  1 0  000  mm2)  i n  d ry,  water-wet and  
sal twater-wet cond i tions  and  wi th  med ium  and  smal l  su rface  areas  of con tact (order of 
magn i tude  1  000  mm2  and  1 00  mm2)  i n  d ry cond i tion  at  touch  vol tages  from  25  V up  to  and  
i nclud ing  200  V a . c.  have  on ly been  carried  ou t on  one  adu l t.  By the  use  of deviation  factors  i t  
was  nevertheless  possible  to  derive  values  of the  tota l  body impedance  ZT  for a  percenti l e  
rank of 5  %,  50  %  and  95  %  of a  popu lation  of l i ving  human  beings.  Wi th  the  same  one  adu l t,  
measurements  were  a lso  made  wi th  sti l l  smal ler surface  areas  of con tact (1 0  mm2  and  
1  mm2)  and  between  fi ngertips.  

For the  calcu lation  of total  body impedances  ZT  for a  percenti l e  rank of 5  %,  50  %  and  95  %  of 
a  popu lation  of l i vi ng  human  beings  for l arge  surface  areas  of con tact for touch  vol tages  
above  200  V up  to  700  V and  h igher up  to  the  asymptotic values  the  adaptation  method  used  
for the  second  ed i tion  of I EC  60479-1  was  improved  by taking  account of the  d i fferen t 
temperatures  of the  corpses  during  measurements  and  the  temperature  of 37°C  for l i ving  
human  beings.  

Furthermore  i n  Clause  3  a  heart cu rren t factor F for the  cu rren t path  foot to  foot has  been  
i n troduced .  Th is  i s  importan t for e lectrical  ri sks  caused  by step  vol tages.  

Copyright International  Electrotechnical  Commission  



I EC  TS  60479-1 : 2005+AMD1 :201 6  CSV – 51  – 

  I EC  201 6  

Annex A  
(normative)  

 
Measurements  of the total  body impedances  ZT  made on  l iving  human  

beings  and  on  corpses  and  the statistical  analysis  of the resul ts  
 
 

I n  order to  obtain  real i stic values  for total  body impedances  ZT  of l i ving  human  beings,  the  
fol lowing  procedure  was  appl ied :  

1 )  The  measurements  made  on  l i ving  human  beings  used  a  cu rren t path  hand  to  hand  wi th  
e lectrodes  shown  i n  F igure  1 5.  

2 )  Measurement of the  total  body impedance  have  been  made  on  1 00  l i ving  persons  at  25  V 
a . c.  50  Hz wi th  l arge  surface  areas  of con tact (e lectrodes  type  A i n  F igure  1 5)  i n  d ry 
cond i tion .  The  measurements  were  made  0 , 1  s  after applying  the  vol tage.  The  values  for 
total  body impedances  for a  percenti l e  rank of 5  %,  50  %  and  95  %  were  determined  wi th  
the  fol lowing  resu l ts.  

Table  A.1  – Total  body impedances  ZT,  e lectrodes  type  A for dry condi tion   
and  deviation  factors  FD  (5  % and  95  %)  

Cond i tion  Total  body impedances  ZT  (Ω )  /  deviation  factors  FD  

 5  %  50  %  95  %  

Dry 1  750  /  0 , 54  3  250  6  1 00  /  1 , 88  

 
3 )  Measurement of the  tota l  body impedance  have  been  made  on  1 0  l i ving  persons  wi th  

med ium  and  smal l  surface  areas  of con tact (e lectrodes  type  B  and  C  i n  F igure  1 5)  i n  d ry,  
water-wet and  sal twater-wet cond i tions,  duration  of curren t fl ow max.  25  ms.  The  resu l ts  
are  shown  i n  Tables  A. 2  and  A.3.  

a)  E lectrodes  type  B  (order of magn i tude  1  000  mm2)  

Table  A.2  – Total  body impedances  ZT,  e lectrodes  type  B  for dry,  water-wet and  
sal twater-wet conditions  and  deviation  factors  FD  (5  % and  95  %)  

Cond i tion  Total  body impedances  ZT  (Ω )  /  deviation  factors  FD  

 5  %  50  %  95  %  

Dry  1 2  900  /  0 , 63   20  600   32  800  /  1 , 59  

Water-wet  5  500  /  0 , 59   9  350   1 5  900  /  1 , 70  

Sa l twater-wet  1  850  /  0 , 76   2  425   3  1 75  /  1 , 31  

 
b)  E lectrodes  type  C  (order of magn i tude  1 00  mm2)  

Table  A.3  – Total  body impedances  ZT  for dry,  water-wet and  sal twater-wet conditions  
and  deviation  factors  FD  (5  % and  95  %)  

Cond i tion  Total  body impedances  ZT  (Ω )  /  deviation  factors  FD  

 5  %  50  %  95  %  

Dry  80  400  /  0 , 48   1 69  000   355  500  /  2 , 1 0  

Water-wet  39  700  /  0 , 54   73  400   1 35  600  /  1 , 85  

Sa l twater-wet  5  400  /  0 , 74   7  300   9  875  /  1 , 35  
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I n  a  fi rst approximation  for the  calcu lation  of ZT  (5  %  and  95  %)  from  the  values  of ZT  (50  %)  
for d ry and  water-wet cond i tions  at  UT  =  25  V,  the  deviation  factors   

FD  (5  %)  =  0 , 54  and  FD  (95  %)  =  1 , 88  

and  for sal twater-wet cond i tion  

FD  (5  %)  =  0 , 74  and  FD  (95  %)  =  1 , 35  

were  chosen .  They are  assumed  to  be  i ndependent of the  surface  area  of contact.  

4)  The  tota l  body impedance  ZT  of one  l i ving  person  was  measured  under the  cond i tions  of 
i tem  1 ,  2  and  3  above  wi th  touch  vol tages  up  to  1 50  V and ,  i n  add i tion ,  wi th  shock 
durations  up  to  0 , 03  s  for touch  vol tages  up  to  200  V.  

 The  fol lowing  cond i tions  for the  cu rrent path  and  durations  of cu rren t flow have  been  used :  

Test series  A:  Effective  contact area  8  250  mm2 ,  e lectrodes  grasped  wi th  both  hands,  
duration  of cu rren t fl ow 0, 1  s  (F igure  1 5,  e lectrodes  type  A).  

Test series  B :  Effective  con tact area  1  250  mm2 ,  e lectrodes  grasped  wi th  both  hands,  
duration  of cu rren t fl ow several  seconds  up  to  75  V,  0 , 1  s  above  75  V 
(Figure  1 5,  e lectrodes  type  B) .  

Test series  C:  Effective  contact area  1 00  mm2 ,  e lectrodes  pressed  against the  midd le  of 
the  palms,  duration  of cu rren t flow several  seconds  up  to  75  V,  0 , 1  s  
above  75  V (F igure  1 5,  e lectrodes  type  C).  

Test series  D :  Effective  con tact area  1 0  mm2 ,  e lectrodes  pressed  against the  m idd le  of 
the  palms,  duration  of curren t fl ow several  seconds  up  to  1 00  V,  0 , 1  s  up  
to  0 , 3  s  above  1 00  V (Figure  1 5,  e lectrodes  type  D).  

Test series  E :  Effective  con tact area  1  mm2 ,  e l ectrodes  pressed  against the  m idd le  of 
the  palms,  du ration  of curren t flow several  seconds  up  to  1 50  V,  0 , 1  s  up  
to  0 , 2  s  above  1 50  V (at  220  V breakdown  of the  skin  was  observed)  
(F igure  1 5,  e lectrodes  type  E) .  

5)  The  tota l  body impedance  was  measured  for a  touch  vol tage  range  of 25  V to  200  V,  a . c.  
50  Hz between  the  tips  of the  righ t and  l eft  forefingers  (surface  area  of con tact 
approximately 250  mm2).  The  measurements  were  made  20  ms  after applying  the  vol tage.  
The  vol tage  was  appl ied  at  zero  crossing  of the  touch  vol tage.  

 The  resu l ts  are  shown  i n  F igure  6 .  

6)  Measurements  were  made  by Freiberger [1 ] 1  on  a  l arge  number of corpses  for curren t 
paths  hand  to  hand  and  hand  to  foot wi th  l arge  e lectrodes  (approximately 9  000  mm2)   for 
touch  vol tages  of 25  V to  5  000  V i n  d ry cond i tion .  The  values  for the  tota l  body 
impedances  for a  percenti l e  rank of 5  %,  50  %  and  95  %  were  determined .  

 The  measurements  were  made  3  s  after applying  the  vol tage.  

7)  The  tota l  body impedances  for l arge  surface  areas  of con tact measured  wi th  corpses  
( i tem  6)  above)  wh ich  for touch  vol tages  up  to  220  V showed  excessively h igh  skin  
impedances  were  mod i fied  by ad justing  the  cu rves  to  the  values  measured  on  l i ving  
persons.  

 For th is  ad justment,  the  change  of body impedances  caused  by the  change  of temperature  
of corpses  to  37  °C  of l i vi ng  persons  was  taken  i n to  account by a  temperature  reduction  
factor FT  =  0 , 7 .  

8)  For med ium  and  smal l  su rface  areas  of con tact the  tota l  body impedances  ZT  (50  %)  for 
50  %  percenti le  rank of a  popu lation  of l i ving  human  beings  cou ld  be  establ i shed  wi th  the  
values  found  by the  measurements  described  under i tems  1 )  to  4)  for d ry,  water-wet and  
sal twater-wet cond i tions  for touch  vol tages  UT  =  25  V to  200  V.  

——————— 

1   F i gu res  i n  square  brackets  refer to  the  b i b l i og raphy.  
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9)  For large,  med ium  and  smal l  su rface  areas  of con tact i n  d ry,  water-wet and  sal twater-wet 
cond i tions  al l  va lues  for 5  %  and  95  %  percenti l e  rank of a  popu lation  of l i ving  human  
beings  cou ld  be  calcu lated  by applying  the  deviation  factors  FD  (5  %)  and  FD  (95  %)  to  the  
values  of ZT  (50  %).  

These  deviation  factors  were  calcu lated  for touch  vol tages  up  to  400  V from  the  values  
FD  (5  %)  =  0 , 54  and  FD  (95  %)  =  1 , 88  at UT  =  25  V for d ry and  water-wet cond i tions  chang ing  
wi th  the  impedance  of the  skin  up  to  400  V to  the  values  for sal twater-wet cond i tion  FD  (5  %)  
=  0 , 74  and  FD  (95  %)  =  1 , 35  due  to  the  fact that for sa l twater-wet cond i tion  the  impedance  of 
the  skin  i s  assumed  as  neg l ig ib le.  These  values  of FD  are  shown  i n  Table  A. 4 .  

Table  A.4  – Deviation  factors  FD  (5  %)  and  FD  (95  %)  for dry and  water-wet condi tions  
in  the  touch  vol tage  range UT  =  25  V up  to  400  V for large,  medium  and  smal l   

surface  areas  of contact 

UT   

V  
25  50  75  1 00  1 25  1 50  1 75  200  300  400  

FD  (5  %)  0 , 54  0 , 55  0 , 565  0 , 575  0 , 585  0 , 6  0 , 61 5  0 , 625  0 , 68  0 , 74  

FD  (95  %)  1 , 88  1 , 84  1 , 8  1 , 76  1 , 72  1 , 685  1 , 65  1 , 6  1 , 48  1 , 35  

 

For sa l twater-wet cond i tion  the  deviation  factors  are  i ndependent of the  touch  vol tage  FD  
(5  %)  =  0 , 74  and  FD  (95  %)  =  1 , 35.  

By th is  method  the  total  body impedances  ZT  have  been  calcu lated  for d ry,  water-wet and  
sal twater-wet cond i tions  for l arge,  med ium  and  smal l  surface  areas  of contact for the  5 th ,  50 th  

and  95 th  percen ti le  rank of a  popu lation  of l i ving  human  beings  shown  in  Tables  1  to  3  and  4  
to  9 .  
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Annex B   
(normative)  

 
I nfluence of frequency on  the total  body impedance (ZT)  

 
 

I n  order to  obtain  real istic  values  for the  i n fluence  of frequency on  the  total  impedance  ZT  of 
l i ving  human  beings,  the  fol lowing  procedure  was  appl ied :  

1 )  Measurements  were  made  on  1 0  l i ving  human  beings  at a  touch  vol tage  of 1 0  V for 
frequencies  from  25  Hz to  20  kHz wi th  a  current path  hand  to  hand  wi th  l arge  cyl inder 
e lectrodes  (approximately 8  000  mm2)  i n  d ry cond i tions.  

 The  values  for the  tota l  body impedances  for a  percenti l e  rank of 5  %,  50  %  and  95  %  
were  determined  by statistical  methods.  

2 )  Due  to  strong  muscu lar effects  measurements  were  made  on ly on  one  l i ving  human  being  
at  a  touch  vol tage  of 25  V for frequencies  from  25  Hz to  2  kHz under the  cond i tions  
described  i n  i tem  1 )  above.  

 The  measurements  of i tem  1 )  and  i tem  2)  were  made  0 , 05  s  after applying  the  vol tage.  

 The  resu l ts  of these  measurements  are  shown  i n  F igures  1 0  and  1 1 .  

3)  For a  percenti le  rank of 50  %,  F igure  1 0  for a  touch  vol tage  of 1 0  V,  and  the  values  of 
Table  1  for 50  Hz and  touch  vol tages  from  25  V to  1 000  V were  used  for F igure  1 2 .  Th is  
fi gures  shows  the  dependence  of the  tota l  body impedance  on  the  frequency for a  range  
from  50  Hz to  2  kHz for a  percenti le  rank of 50  %  of a  popu lation  for touch  vol tages  from  

1 0  V to  1  000  V a. c.  wi th  a  stra igh t l i ne  between  the  asymptotic values  of 750  Ω  a t  50  Hz 

and  600  Ω  a t  2  kHz.  

4)  Values  for total  body impedance  above  2  000  Hz have  been  estimated  by extrapolation  
from  existing  data  and  are  shown  i n  F igure  1 2 .  

The  curves  for touch  vol tages  of 50  V to  1  000  V (dashed  l i nes  i n  F igure  1 2)  have  been  d rawn  
i n  analogy to  the  cu rves  for 1 0  V and  25  V wh ich  are  based  on  the  measurements  described  
under i tem  1 )  and  2) ,  above.  
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Annex C   
(normative)  

 
Total  body resistance (RT)  for d i rect current 

 
 

I n  order to  obtain  real i stic  values  for the  total  body resistance  RT  of l i ving  human  beings,  the  
fol lowing  procedure  was  appl ied :  

1 )  Measurements  were  made  on  50  l i ving  persons  at a  touch  vol tage  of 25  V pure  d . c.  wi th  a  
cu rren t path  hand  to  hand  wi th  l arge  cyl i nder e lectrodes  (approximately 8  000  mm2)  i n  d ry 
cond i tion .  

 The  values  for the  total  body resistance  RT  for a  percenti le  rank of 5  %,  50  %  and  95  %  
were  determined  by statistical  methods.  

2)  The  values  for the  tota l  body impedances  for a . c.  50  Hz,  at touch  vol tages  above  200  V 
accord ing  to  Table  1  were  used  for the  total  body resistance  RT  for d . c.  for touch  vol tages  
between  200  V and  1  000  V d . c.  and  the  asymptotic values.  

 The  values  of the  tota l  body resistance  RT  for touch  vol tages  between  25  V and  200  V 
have  been  derived  from  F igure  1 3  d rawn  s im i lar as  for a . c.  50  Hz.  

 The  values  for the  total  body resistance  RT  for d i rect curren t determined  by the  method  
described  above  are  g iven  i n  Table  1 0.  

NOTE  Above  200  V,  the  d i fferences  between  the  ski n  impedance  for a . c.  50  H z  and  the  ski n  res i stance  for d . c.  
are  assumed  to  be  neg l i g i b l e .  
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Annex D   
( informative)  

 
Examples  of calcu lations  of ZT  

 
 

Calcu lations  of touch  curren ts  IT  are  important to  evaluate  measures  of protection  against 
e lectric shock and  for i nvestigation  of e lectrical  acciden ts.  

The  touch  cu rrent IT  i s  ca lcu lated  by:  

T

T
T

Z

U
I =  

where  

UT  i s  the  touch  vol tage;  

ZT   i s  the  tota l  impedance  of the  human  body for g iven  curren t path ,  surface  area  and  
cond i tion  of con tact.  

The  fol lowing  calcu lations  are  based  on  the  relevant tables  of th is  speci fication  and  are  
carried  ou t for the  50 th  percen ti le  rank (50  %  of the  popu lation ).  The  50 th  percen ti le  rank was  
taken  because  i ts  va lues  are  statistical l y most rel iable.  

The  calcu lations  are  carried  ou t for four examples:  

1 )  touch  vol tages  1 00  V and  200  V,  d ry surface  areas  of contact,  curren t path  hands  to  feet,  
su rface  areas  of con tact for hands  med ium  (order of magn i tude  1  000  mm2 ,  Table  4),  for 
feet l arge  (Table  1 ) ;  

2 )  touch  vol tages  1 00  V and  200  V,  d ry surface  areas  of contact,  curren t path  hand-hand ,  
su rface  areas  of contact smal l  (order of magn i tude  1 00  mm2 ,  Table  7) ;  

3)  touch  vol tage  25  V,  sal twater-wet surface  areas  of contact,  cu rren t path  both  hands  to  the  
trunk of the  body,  surface  areas  of con tact:  l arge  for hands  (order of magn i tude  
1 0, 000  mm2 ,  Table  3)  and  very l arge  for the  trunk of the  body (skin  impedance  neg l i g ib le).  
Th is  curren t path  s imu lates  a  person  s i tti ng  on  the  g round  and  hold ing  a  fau l ty equ ipment 
of Class  I I I  (SELV)  wi th  both  hands.  

I n  the  calcu lations  the  values  are  rounded  to  5  Ω .  

4 )  At a  touch  vol tage  of at l east 1  000  V,  the  area  of contact,  cond i tion  of con tact and  nature  
of vol tage  make  no  materia l  d i fference  to  the  body resistance  values.  The  curren t path  
chosen  s imu lates  a  person  s i tti ng  on  the  g round  touch ing  a  h igh  vol tage  conductor wi th  
the  head .  

Example  1 :  

Touch  vol tages  1 00  V and  200  V,  a . c.  50/60  Hz,  curren t path  hands  to  feet,  d ry cond i tion ,  
su rface  areas  of contact for hands  med ium,  surface  areas  of feet l arge  

The  fol lowing  designations  are  used :  

ZTA  (H -H )  total  body impedance,  l arge  surface  areas  of con tact,  hand  to  hand  

ZTA  (H -F)  total  body impedance,  l arge  surface  areas  of con tact,  hand  to  foot 

ZTA  (H -T)  total  body impedance,  l arge  surface  areas  of con tact,  hand  to  trunk 

ZTA  (H -T)  =  ZTA  (H -H )/2  
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ZTA  (T-F)  total  body impedance,  l arge  surface  areas  of con tact,  trunk to  foot 

ZTA  (T-F)  =  ZTA  (H -F)  −  ZTA  (H -T)  

ZTB  (H -H )  total  body impedance,  m idd le  s ized  surface  areas  of con tact,  hand  to  hand  

The  ZT  va lues  ZTA  (H -H)  for l arge  surface  areas  of con tact are  g iven  i n  Table  1 ,  the  values  for 
med ium  surface  areas  of contact ZTB  (H -H )  are  g iven  i n  Table  4 .  

The  calcu lation  for the  50 th  percen ti le  rank i s  then  carried  ou t as  fol lows:  

ZTA  (H -H )  =  1  725  Ω  (1 00  V)  and  1  275  Ω  (200  V)  

For the  curren t path  hand -foot wi th  the  factor 0 , 8  

NOTE  Some  measurements  suggest  a  1 0  %  to  30  %  reducti on  of the  hand  to  hand  body impedance  i n  order to  
cal cu l ate  the  hand  to  foot  body impedance.  Taki ng  an  average  of 20  %  g i ves  the  factor 0 , 8 .   

ZTA  (H -F)  =  1  380  Ω  (1 00  V)  and  1  020  Ω  (200  V)  

ZTA  (H -T)  resu l ts  wi th  ZTA  (H -T)  =  ZTA  (H -H)/2  

ZTA  (H -T)  =  860  Ω  (1 00  V)  and  635  Ω  (200  V)  

hence  wi th  ZTA  (T-F)  =  ZTA  (H -F)  −  ZTA  (H -T)  

ZTA  (T-F)  =  520  Ω  ( 1 00  V)  and  385  Ω  (200  V)  

For med ium  surface  areas  of con tact (approx.  1  000  mm2)  fol lows  from  Table  4 :  

ZTB  (H -H )  =  5  200  Ω  (1 00  V)  and  2  200  Ω  (200  V)  

hence  wi th  ZTB  (H -T)  =  ZTB  (H -H)/2  

ZTB  (H -T)  =  2  600  Ω  (1 00  V)  and  1  1 00  Ω  (200  V)  

The  total  body impedance  ZT '  =  ZTA  (T-F)  +  ZTB  (H -T)  

ZT '  =  3  1 20  Ω  (1 00  V)  and  1  485  Ω  (200  V)  

and  wi th  hands  and  feet i n  paral le l  ZT  =  ZT ' /2  

ZT  =  1  560  Ω  (1 00  V)  and  740  Ω  (200  V)  

l ead ing  to  the  touch  curren ts  IT  

IT  =  65  mA (1 00  V)  and  270  mA (200  V)  

A summary of the  resu l ts  of the  calcu lations  i s  g iven  i n  Table  D . 1 .  
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Table  D.1  – 50 th  percenti le  values  for the  total  body impedance for a  current path  
hands-feet medium surface  area  of contact for hands,  large  for feet,  reduction  factor 

0 ,8,  dry condi tions,  touch  currents  IT  and  electrophysiolog ical  effects  

Touch  
vol tage  

 

V 

Impedance  
hand-trunk 

ZTB  (H -T)  

Ω  

Impedance  
trunk-foot 

ZTA  (T-F)  

Ω  

Impedance  
hands-feet  

ZT  

Ω  

Touch  
Current 

IT  

mA 

Electro-physiolog ical  
effects  for a  duration  of 
current  flow 

t  =  1 0  ms  to  30  ms  

1 00  2  600  520  1  560  65  Short  j erk-l i ke  sensati on  

 

200  

 

1  1 00  

 

385  

 

740  

 

270  

Heavy e l ectri c  shock,  l i fti ng  
of the  body,  cramp  i n  the  
arms  

 
Atten tion  i s  d rawn  to  the  fact that at UT  =  200  V the  touch  curren t  IT  i s  four times  as  h igh  as  
for 1 00  V.  I f the  duration  of curren t flow is  l onger than  approximately 0 , 2  s ,  ven tricu lar 
fibri l l ation  wou ld  occur wi th  a  h i gh  probabi l i ty.  

Example  2 :  

Touch  vol tages  1 00  V and  200  V,  a . c.  50/60  Hz,  cu rren t path  hand  to  hand ,  d ry cond i tion ,  
su rface  areas  of con tact smal l  (e lectrodes  type  C,  Table  7)  

The  calcu lation  i s  s imple.  The  tota l  body impedance  for smal l  su rface  areas  of con tact i n  d ry 

cond i tion  accord ing  to  Table  7  i s  shown  wi th  ZTC  (H -H)  =  40  kΩ  for UT  =  1 00  V and  5, 4  kΩ  for 
UT  =  200  V.  

Th is  resu l ts  i n  touch  currents  of IT  =  2 , 5  mA for UT  =  1 00  V and  IT  =  37  mA for UT  =  200  V the  
l atter value  sti l l  being  under the  th reshold  of ventricu lar fibri l l ation .  For l onger du rations  of 
cu rren t fl ow (some  seconds)  after the  breakdown  of skin  impedances  (ZT  approximately 

1  000  Ω) ,  IT  wou ld  certain ly su rpass  0 , 1  A causing  a  fata l  e lectrical  acciden t.  

Example  3 :  

Touch  vol tage  25  V,  a . c.  50/60  Hz,  curren t path  both  hands  i n  paral le l  to  the  trunk of the  
body,  sal twater-wet cond i tion ,  surface  areas  of con tact l arge  (electrodes  type  A,  Table  3)  for 
very l arge  hand  and  surface  areas  of trunk of the  body (skin  impedance  neg l ig ib le)  

Here  a lso  the  calcu lation  i s  s imple.  The  tota l  body impedance  ZT  (H -H)  i s  g iven  in  Table  3  for 

the  50 th  percen ti le  rank as  1  300  Ω .  

Hence  wi th  ZTA  (H -T)  =  ZTA  (H -H )/2  =  650  Ω .  

For hands  in  paral le l  to  the  trunk of the  body 

ZT  =  ZTA  (H -T)/2  =  325  Ω   

resu l ting  i n  a  touch  curren t IT  =  77  mA.  

I n  spi te  of the  use  of safety extra  l ow vol tage  (SELV)  a  shock wi th  strong  i nvolun tary muscu lar 
reactions  far above  the  th reshold  of l et-go  occurs.  

Example  4 :  

The  asymptotic impedance  values  associated  wi th  a  hand  to  hand  path  for vol tages  of 1  000  V 

and  above  at  the  5  %,  50  %  and  95  %  popu lation  levels  are  respectively 575  Ω ,  775  Ω  and  

Copyright International  Electrotechnical  Commission  



I EC  TS  60479-1 : 2005+AMD1 :201 6  CSV – 59  – 

  I EC  201 6  

1  050  Ω .  At th is  vol tage,  the  skin  impedance  i s  neg l ig ible.  I n  order to  use  F igure  2  to  calcu late  
the  value  of ZT,  the  hand  to  hand  resu l ts  requ i res  a  1 0  %  to  30  %  reduction  as  shown  by the  
Note  1  i n  the  tables.  Taking  an  average  value  of 20  %,  th is  g i ves  a  hand  to  foot value  of 

460  Ω ,  620  Ω ,  840  Ω ,  respectively.  

Applying  the  factors  g iven  i n  F igure  2 ,  the  calcu lation  of the  total  body impedance ZT  of a  
person  s i tting  on  the  g round  touch ing  a  h igh  vol tage  conductor wi th  the  head  i s  
stra igh tforward :  

At the  5  %  value  ZT  =  460  Ω  ×  (0 , 1 0  +  0 , 01 3)  =  52  Ω  

At the  50  %  value  ZT  =  70  Ω   

At the  95  %  value  ZT  =  95  Ω  

I n  th is  example,  the  resu l tan t touch  curren t i s  of the  order of tens  of amperes  and  wi l l  
i ncrease  at  h igher vol tages.   
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Annex E  
( informative)  

 
Theories  of ventricu lar fibri l lation  

Ventricu lar fi bri l l ation  (VF)  i s  a  phenomenon  wh ich  has  been  better known  s ince  the  detection  
of e lectrical  acti vi ty of the  heart (ECG)  [35] .  The  main  mechan ism  of th is  abnormal  normal ly 
l ethal  activi ty of the  heart ven tricles  was  found  when  i t  was  d iscovered  that smal l  volumed  
ci rcu lating  exci ting  waves  are  responsible  for m in imal  i nefficien t and  on ly l ocal  b lood  pumping  
properties,  i n  con trast to  the  straigh t strong  and  efficien t normal  exci tation  and  pumping  
process.  

The  reason  for the  unexpected  possib i l i ty for the  transi tion  from  normal  operation  to  the  
i n i ti ation  of VF  l ies  i n  the  natural  i nheren t i nhomogenei ty wi th in  the  e lectrical  repolarization  
phase  of the  ven tricles.  Th is  phase  i s  cal l ed  the  "vu lnerable"  phase  because  of the  fact that 
an  e lectrical  impu lse  or d . c.  or a . c.  cu rren t from  the  ou tside  can  e l ici t  VF  during  th is  period .  
VF  can  a lso  be  i nduced  by rapid  card iac capture.  

Experimental  and  theoretical  research  showed  that the  processes  seem  to  be  more  complex 
than  for ci rcu lar exci tation  waves  on ly.  Also  more  soph isticated  waveforms  led  to  the  
conclusion  that the  in i tiation  process  of VF,  as  wel l  as  i ts  persistence,  has  add i tional  
components  compared  to  that of a  s imple  re-en try of exci tation  [36] .  These  find ings  l ed  to  
spi ral  waves  breakup  and  to  s ing le  and  mu l tip le  wavelet hypothesis  [37] [38] .  

Moreover,  the  in i tiation  of VF  i s  i ncreased  by preced ing  ventricu lar extrasystole  (VE)  and  the  
more  frequently they arise  the  more  dangerous  they can  be  (see  I EC  TS  60479-2 :  2007,   9 . 2).  
The  reason  for th is  phenomenon  i s  that every add i tional  VE  i ncreases  the  inhomogenei ty 
during  the  ven tricu lar repolarization  [40] [42] .  The  i nner l ayers  of the  ven tricu lar wal l  have  per 
se  a  l onger repolarization  time  than  the  ou ter l ayers  and  th is  d i fference  i s  i ncreased  by more  
frequent VE  wh ich  forms  the  substrate  for fibri l l ation  i n i ti ation .  Th is  i s  a lso  true  for d i rect 
curren t and  explains  why fi bri l l ation  due  to  d i rect curren t can  take  p lace  [43] .  

Termination  of VF  i s  cal led  ven tricu lar defibri l lation .  Defibri l lation  i s  presently performed  wi th  
a  b iphasic shock.  There  are  three  major theories  of defibri l l ation :  

•  progressive  depolarization  [44] ;  

•  u pper l im i t  of vu lnerabi l i ty [45] ;  

•  vi rtual  e lectrode  i nduced  re-exci tation  [46] [47] .  

The  role  of the  fi rst phase  i s  to  charge  the  vast majori ty of the  card iac cel l  membranes  wi th  a  
l arge  charge  of 3  ms  to  1 0  ms  duration .  The  role  of the  second  phase  i s  to  return  the  cel l  
membrane  vol tage  to  zero  [48] .  
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Annex F  
( informative)  

 
Quanti ties  ULV and  LLV 

The  heart’s  th reshold  of fi bri l lation  for a  g iven  waveform  i s  the  m in imum  value  of cu rrent to  
wh ich  i t  shou ld  be  subjected  to  precipi tate  ven tricu lar fibri l lation .  The  I EC  60479  series  of 
standards  devotes  i tsel f to  determin ing  th is  th reshold  for d i fferen t waveforms.  

I t  i s  noted  however that “defibri l l ation”  i s  a  therapeu tic modal i ty used  to  treat a  heart i n  
fi bri l l ation .  Th is  process  i nvolves  passing  a  l arge  impu ls ive  current th rough  the  fibri l l ating  
heart wi th  the  i n ten tion  of hal ting  fi bri l l ation .  

The  design  of a  defibri l lator i s  beyond  the  present scope  however the  terms  ULV and  LLV are  
very common ly met i n  th is  con text.  

There  i s  a  band  of currents  wh ich  produce  fibri l l ation  i n  the  myocard ium  i f de l ivered  in  the  
vu lnerable  period  (portions  of the  T-wave).  Present l i terature  suggests  that strong  short 
pu lses  del ivered  ou tside  of the  vu lnerable  period  do  not i nduce  VF  bu t on ly cause  an  extra  
card iac con traction .  Above  th is  band  of curren ts,  the  heart i s  re l iably defibri l l ated  by short 
(3  ms  to1 0  ms)  impu lse  shocks  del ivered  in  the  same location  in  the  card iac cycle.  Th is  l evel  
i s  the  upper l im i t  of vu lnerabi l i ty (ULV)  of the  myocard ium.  I t  has  been  shown  i n  mu l tip le  
stud ies  to  be  a  good  pred ictor of the  defibri l l ation  threshold  for the  myocard ium,  th is  
parameter being  importan t,  for example,  i n  determin ing  the  setting  for an  implan table  card iac 
defibri l lator ( ICD)  [49] .  

The  lower l im i t  of vu lnerabi l i ty (LLV)  i s  the  fibri l l ation  th reshold  as  determined  i n  the  
I EC  60479  series.  
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Annex G  
( informative)  

 
C i rcuit simulation  methods  in  electric shock evaluation  

The  use  of model l i ng  i n  evaluation  of any s i tuation  i s  va luable  s ince  the  model l ing  i s  
substi tu ted  for d i rect measurement of the  appl ication  of forces  wh ich  may be  harmfu l  or 
deleterious  to  the  body [50] .  D i rect e lectric shock experimentation ,  whether on  humans  or 
an imals,  has  been  severely restricted  over the  l ast few decades  forcing  consideration  of 
model l ing  as  a  substi tu te.  Such  model l i ng  has  been  used  for years,  most recently i n  the  
evaluation  of touch  curren ts  accord ing  to  the  frequency fi l tered  effect as  are  evaluated  i n  
many product standards.  

An  important con tribu tion  to  experimental  data  i s  ongoing  in  governmental  funded  
experiments  wi th  an imals.  

Based  on  d i rect measurements  on  the  heart (and  necessary translation  to  the  human)  new 
s imu lation  boundaries  wi l l  provide  inpu t cond i tions  to  the  whole  body s i tuation  (e. g .  touch  
models  hand  to  hand ,  hand  to  foot) .  New s imu lation  models  based  on  con trol  ci rcu i ts  l evels  
up  the  vol tage  wh ich  con tacts  the  human  un ti l  the  g iven  current densi ty (or other appropriate  
parameters)  i s  reached .  Th is  ongoing  and  recent experimental  work i s  under consideration .  

The  process  of determination  of a  dangerous  curren t i nvolves  determination  of the  cu rrent i n  
the  body,  i nclud ing  at  the  myocard ium.  Th is  i s  hard  to  perform  experimental l y,  however i t  can  
be  model led  using  ci rcu i t  analysis  methods  wh ich  requ i re  describ ing  the  body and  i ts  
operation  as  an  equ ivalen t e lectrical  ci rcu i t.  Th is  d iscussion  i s  to  i n form  readers  of the  
existence  of these  models  and  to  provide  a  reference  to  further d iscussions  on ,  and  usages  
of,  them.  

The  body model  wh ich  i s  common ly used  i s  shown  in  I EC  TS  60479-1 ,  consisti ng  of 
resistance  and  capaci tance  representing  the  combined  impedances  of the  skin .  I n  series  wi th  
these  i s  a  s imple  resistance  representing  the  body in ternal  resistance.  

A vol tage  i s  appl ied  between  the  terminals  of the  model  and  the  resu l ti ng  curren t i n  the  
i n ternal  body resistance  can  be  considered  to  approximate  the  myocard ial  cu rrent.  

So,  as  a  fi rst  approximation ,  measuring  th is  curren t for an  appl ied  vol tage  wi l l  model  the  body 
curren t.  Further analysis  can  be  accommodated  by add ing  a  ci rcu i t that m imics  the  body 
response  fu rther.  For i nstance,  several  fi l ter networks  have  been  developed  that provides  
correction  for the  frequency fi l ter effects  noted  in  I EC  TS  60479-2 .  

Hart [33]  proposes  the  fol lowing  model l ing  network as  a  usefu l  one  for model l ing  the  startle-
reaction  frequency effect from  the  ‘a ’  cu rve  i n  F igure  20  (see  F igure  G . 1 ) .  
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Figure  G. 1  – Electric  shock in  electrical  model  by Hart [33]  
i nclud ing  startle  reaction  effect  

The  parameters  were  determined  empirical l y,  wi th  R1  and  C1  representing  the  combined  skin  
impedance  and  R2  being  the  i n ternal  body resistance.  The  vol tage  V1  i s  used  to  derive  the  
actual  body cu rren t (=  V1 /R2).  A second  network,  R3  and  C2  i s  added  and  i s  re lated  to  the  
startle-reaction  frequency factor,  whose  i npu t i s  the  body curren t,  and  whose  ou tpu t i s  used  to  
derive  the  body response  corrected  for frequency for th is  s i tuation .  

NOTE  I n  some  I EC standards  R1  i s  a l so  Rs  and  C1  i s  a l so  Cs  and  R2  i s  a l so  Rb.  

Some values  for the  components  that m ight be  usefu l  i n  other cases  are  tabu lated  as  shown  
i n  Table  G . 1  ( the  values  of R3  and  C2  may be  chosen  to  g ive  a  3  ms  time  constan t of a  
card iac cel l  s imu lati ng  the  current at  the  heart,  wh ich  may typical l y be  taken  as  5  %  to1 0  %  of 
the  total  i n ternal  current i n  magn i tude).  

Table  G .1  – Body impedance examples  (uncompensated)  

Comments  Cond i tion  R1   

kΩ  

C1  

nF  

R2   

Ω  

Large  area  con tact (~1 0  000  mm 2 )  

Hand  to  hand  (or foot)  Worst  case  test va l ue  1 , 5  220  500  

Med ium  area  con tact  (~1  000  mm 2 )  

Hand  to  hand  (or foot)  F l at  hand  –  DRY 77  24  500  

Hand  to  hand  (or foot)  Gri pping  hand  –  DRY 25  50  400  

Hand  to  opposi te  shou l der Gri pping  hand  –  DRY 9 , 5  200  250  

Hand  to  opposi te  shou l der Gri pping  hand  –  WET 1 , 5  220  250  

Hand  to  arm ,  h i gh  pressu re  g ri p  Gri pping  hand  –  WET 1 , 5  500  200  

Smal l  a rea  con tact (~  1 00  mm2 )  

F i nger to  arm  F i nger con tact  –  DRY 60  7  800  

F i nger to  arm ,  h i gh  pressu re  F i nger con tact  –  WET 1 2  20  250  

Near worse  case  smal l  area  1 00  mm 2  p robe  con tact 1 5  20  250  

I EC  60601 -1  med ica l  s tandard  S tandard  test va l ue  0  0  1  000  

 

IEC 

Body impedance 
equivalent circuit  

Transform 
network  

R1  
C1  

R2  

V1  

R3  

C2  

V2  

Transformed current =  V2/R2  

Body current =  V1 /R2  

Model l ing  circuit,  al lowing  transformation  of an  observed  
current to give an estimate of body current.  Value chosen  
for specific observed  currents.  
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I EC  60990  provides  two  frequency factor correction  ci rcu i ts;  the  perception  threshold  2  
e lement frequency factor correction  ci rcu i t  shown  above  pl us  a  3  e lement l etgo  immobi l ization  
frequency factor correction  ci rcu i t.  These  ci rcu i ts  have  been  extensively d iscussed  by 
Perkins[34] [35] [51 ] .  Note  that these  ci rcu i ts  m im ic the  inverse  of the  frequency factor curve,  
as  expla ined  i n  I EC  60990,  wh ich  a l lows  evaluation  to  the  l ow frequency l im i t  g iven  i n  a  
product standard  i rrespective  of the  frequency of the  curren t being  measured .  

Model l ing  of any e lectric shock cond i tion ,  whether perception  threshold ,  l etgo  threshold ,  or 
myocard ial  cu rren t l ead ing  to  ven tricu lar fibri l l ation ,  requ i res  that the  correct e lements  shou ld  
be  chosen  for the  model  analysed .  Assuming  that the  curren t i s  i n troduced  th rough  the  skin ,  
the  correct skin  model  shou ld  be  selected  for the  cond i tion  experienced .  When  su i table,  
non l i near models  of the  skin  shou ld  be  used  [52] .  Product standards  usual l y seek the  worst 
case  cond i tion  to  maxim ize  the  cu rren t and  m in imize  the  risk of e lectric shock.  The  
appropriate  body resistance  shou ld  be  used  and ,  fi nal l y,  any correction  for frequency or other 
importan t parameter shou ld  be  added .  Normal  ci rcu i t  analysis  techniques can then be used to 
provide an estimate of the current in  the body under those cond i tions.  

Other model l i ng  techn iques  can  a lso  be  used :  some  researchers  are  using  a  whole  body 
model  wh ich  assigns  properties,  usual ly e lectrical  properties  for e lectric shock s i tuations,  to  
each  granu lar body e lement as  determined  from  a  whole  body CAT scan  or MRI  scan .  
Granu lari ty to  abou t 1  mm  seems to  be  the  cu rren t l evel  avai l able.  Th is  i s  adequate  for some  
larger scale  stud ies  bu t not adequate  to  d i fferentiate  current d i fferences  i n  th in  l ayers,  such  
as  nerve  sheaths.  Th is  type  of analysis  deals  wi th  l arge  sets  of data  and  i s  best run  on  large,  
fast computer systems.  

The  explosive  g rowth  of computer model l ing  avai lable  on  personal  computers  a l l ows  the  
development of e lectric shock model l i ng  i n  s i gn i fican tl y more  detai l  than  has  been  considered  
up  ti l l  now.  

Together wi th  ongoing  experimental  work on  an imals  i n  governmental  funded  projects  and  
s imu lated  transfer of the  data  to  the  human  body,  new insigh t i s  expected  to  be  d rawn  wh ich  
has  the  poten tia l  to  j usti fy knowledge  abou t effects  of h i gher frequency curren ts.  
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INTERNATIONAL ELECTROTECHNICAL COMMISSION  
 

____________ 
 

EFFECTS OF CURRENT ON  HUMAN  BEINGS 
AND LIVESTOCK – 

 
Part 1 :  General  aspects  

 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC National  Commi ttees).  The  ob ject  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC publ i shes  I n ternational  Standards,  Techn ical  Speci ficati ons,  
Techn ical  Reports,  Publ i cl y  Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC 
Publ i cation (s )” ).  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-
governmental  organ i zations  l i a i s i ng  wi th  the  I EC al so  parti ci pate  i n  th i s  preparati on .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ ization  for S tandard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two organ i zati ons.  

2)  The  formal  deci s i ons  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y as  possi ble,  an  i n ternational  
consensus  of opin i on  on  the  re l evant sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  al l  
i n terested  I EC Nati onal  Comm ittees.   

3)  I EC Publ i cati ons  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Comm i ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  con ten t of I EC  
Publ i cations  i s  accurate,  I EC  cannot be  he l d  responsibl e  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Publ i cations  
transparen tl y to  the  maximum  extent  possib l e  i n  thei r national  and  reg i ona l  publ i cati ons.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  sha l l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f does  not  provide  any attestati on  of conform i ty.  I n dependent certi fi cati on  bod ies  provi de  conform i ty 
assessment services  and ,  i n  some areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es.  

6)  Al l  users  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or rel i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Attention  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cati on  of th i s  publ i cati on .  

9)  Atten ti on  i s  d rawn  to  the  possibi l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  patent  ri gh ts.  

DISCLAIMER 
This  Consol idated  version  i s  not an  official  IEC  Standard  and  has  been  prepared  for 
user conven ience.  On ly the  current versions  of the  standard  and  i ts  amendment(s)  
are  to  be  considered  the  official  documents.  

Th is  Consol idated  version  of IEC  TS  60479-1  bears  the  ed i tion  number 4. 1 .  I t  consists  of 
the  fourth  ed i tion  (2005-07)  [documents  64/1 427/DTS and  64/1 463/RVC]  and  i ts  
amendment 1  (201 6-07)  [documents  64/2095/DTS and  64/21 1 3/RVC] .  The  techn ical  
content  i s  identical  to  the  base ed i tion  and  i ts  amendment.  

Th is  F inal  version  does  not show where  the technical  content i s  mod ified  by 
amendment 1 .  A separate  Red l ine  version  wi th  al l  changes  h igh l ighted  is  avai lable  in  
th is  publ ication .  
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The  main  task of I EC techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  commi ttee  may propose  the  publ ication  of a  techn ical  
speci fication  when  

•  the  requ i red  support cannot be  obtained  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subject i s  sti l l  under techn ical  development or where,  for any other reason ,  there  i s  the  
fu ture  bu t no  immed iate  possibi l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  are  subject to  review wi th in  th ree  years  of publ ication  to  decide  
whether they can  be  transformed  in to  I n ternational  Standards.   

I EC  60479-1 ,  wh ich  i s  a  techn ical  speci fication ,  has  been  prepared  by I EC techn ical  
commi ttee  64:  E lectrical  i nsta l lations  and  protection  against e lectric  shock.  

Th is  fourth  ed i tion  cancels  and  replaces  the  th i rd  ed i tion ,  publ ished  as  a  techn ical  report i n  
1 994,  and  consti tu tes  a  techn ical  revision .  

The  main  changes  wi th  respect to  the  previous  ed i tion  are  l i sted  below:  

– Dependence of the  tota l  body impedance  ZT  for 50
th
 percen ti le  rank of a  popu lation  of 

l i ving  human  beings  for l arge,  average  and  smal l  su rface  areas  of a  contact i n  d ry,  water-
wet and  sal twater-wet cond i tions  at touch  vol tage  UT  =  25  V to   200  V a . c.  50/60  Hz.  

– Osci l l ograms  of touch  vol tages  UT  and  touch  cu rren ts  IT  for a . c. ,  current path  hand-to-
hand ,  l arge  su rface  areas  of con tact i n  d ry cond i tion  taken  from  measurements  g iven  i n  
F igure  1 6  wi th  the  relevant explanations  i n  the  main  text.  

– F ibri l lation  data  for dogs,  p igs  and  sheep  obtained  from  experiments  and  for persons  
calcu lated  from  statistics  of e lectrical  acciden ts  wi th  transversal  d i rection  of curren t fl ow,  
hand-to-hand  and  touch  vol tages  UT  =  220  V to  380  V a . c.wi th  body impedances  ZT  (5%)  
g iven  i n  F igure  1 9  wi th  the  re levant explanations  i n  the  main  text.  

– Change  of Curve  B  i n  F igure  20  from  1 0  mA to  5  mA:  conventional  time/curren t zones  of 
effects  of a . c.  curren t (1 5  Hz to  1 00  Hz)  on  persons  wi th  the  re levant explanations  i n  
themain   text.  

– Let-go  curren ts  for 60  Hz s inusoidal  curren t  g i ven  i n  F igure  23  wi th  the  re levant 
explanations  i n  the  main  text.  

– new structu re  to  the  body of the  standard .  

– Extension  of the  appl icabi l i ty of the  tota l  body impedance  to  a  frequency range  up  to  
1 50  kHz;  

– Clari fication  of the  d i fference  i n  anod ic versus  cathod ic d . c.  pu lses;  

– Extension  of the  ventricu lar fibri l lation  threshold  of s ing le  pu lses  down  to  1  µs  pu lse  wid th ;  

– Add i tion  of i n formative  annexes:   

Annex E:  Theories  of ventricu lar fi bri l l ation ;  

Annex F :  Quanti ties  ULV and  LLV;  

Annex G :  Ci rcu i t  s imu lation  methods  i n  e lectric shock evaluation .  

Th is  techn ical  speci fication  has  the  status  of a  basic safety publ ication  i n  accordance  wi th  I EC 
Gu ide  1 04.  
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The  text of th is  techn ical  speci fication  i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

64/1 427/DTS  64/1 463/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  techn ical  speci fication  can  be  found  in  
the  report on  voting  i nd icated  i n  the  above  Table.  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  ISO/IEC  Di rectives,  Part 2 .  

I EC  60479  consists  of the  fol lowing  parts  under the  general  ti tl e  Effects of current on human 
beings and livestock 

Part 1 :   General  aspects  

Part 2 :   Specia l  aspects:  

Chapter 4 :  Effects  of a l ternating  curren t wi th  frequencies  above  1 00  Hz  

Chapter 5 :  Effects  of specia l  waveforms  of current 

Chapter 6 :  Effects  of un id i rectional  s ing le  impu lse  currents  of short du ration  

Part 3 :   Effects  of curren ts  passing  through  the  bod ies  of l i vestock 

Part 4 :  Effects  of l i gh tn ing  strokes  on  human  beings  and  l i vestock 

The  commi ttee  has  decided  that the  con ten ts  of the  base  publ ication  and  i ts  amendment wi l l  
remain  unchanged  un ti l  the  stabi l i ty date  ind icated  on  the  I EC web  s i te  under 
"h ttp: //webstore. iec.ch"  i n  the  data  re lated  to  the  speci fic publ ication .  At th is  date,  the  
publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at a  l ater date.  

The  con ten ts  of the  corrigendum  of October 2006  and  J une  201 3  have  been  i ncl uded  i n  th i s  
copy.  
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I NTRODUCTION  

Th is  basic safety publ ication  i s  primari l y i n tended  for use  by techn ical  commi ttees  i n  the  
preparation  of standards  i n  accordance  wi th  the  principles  l a id  down  i n  I EC  Gu ide  1 04  and  
I SO/IEC Gu ide  51 .  I t  i s  not i n tended  for use  by manufacturers  or certi fication  bod ies.  

One  of the  responsibi l i ties  of a  techn ical  commi ttee  i s ,  wherever appl icable,  to  make  use  of 
basic safety publ ications  i n  the  preparation  of i ts  publ ications.  

Th is  techn ical  speci fication  provides  basic gu idance  on  the  effects  of shock curren t on  human  
beings  and  l i vestock,  for use  i n  the  establ i shment of e lectrical  safety requ i rements.  

I n  order to  avoid  errors  i n  the  in terpretation  of th is  techn ical  speci fication ,  i t  shou ld  be  
emphasized  that the  data  g iven  herein  i s  main ly based  on  experiments  wi th  an imals  as  wel l  
as  on  i n formation  avai lable  from  cl i n ical  observations.  On ly a  few experiments  wi th  shock 
currents  of short duration  have  been  carried  ou t on  l i ving  human  beings.  

On  the  evidence  avai lable,  mostl y from  an imal  research ,  the  values  are  so  conservative  that  
th is  document appl ies  to  persons  of normal  physiolog ical  cond i tions  includ ing  ch i l d ren ,  
i rrespective  of age  and  weigh t.  

There  are,  however,  other aspects  to  be  taken  i n to  account,  such  as  probabi l i ty of fau l ts,  
probabi l i ty of con tact wi th  l i ve  or fau l ty parts,  ratio  between  touch  vol tage  and  fau l t  vol tage,  
experience  gained ,  techn ical  feasib i l i ties,  and  economics.  These  parameters  shou ld  be  
considered  carefu l l y when  fixing  safety requ i rements,  for example,  operating  characteristics  of 
protective  devices  for e lectrical  i nstal lations.  

The  form  of the  document as  has  been  adopted  summarizes  resu l ts  so  far ach ieved  wh ich  are  
being  used  by techn ical  commi ttee  64  as  a  basis  for fi xing  requ i rements  for protection  against 
shock.  These  resu l ts  are  considered  importan t enough  to  j usti fy an  I EC publ ication  wh ich  may 
serve  as  a  gu ide  to  other I EC  commi ttees  and  coun tries  having  need  of such  i n formation .  

Th is  techn ical  speci fication  appl ies  to  the  threshold  of ventricu lar fibri l l ation  wh ich  i s  the  main  
cause  of deaths  by e lectric curren t.  The  analysis  of resu l ts  of recent research  work on  card iac 
physiology and  on  the  fi bri l l ation  threshold ,  taken  together,  has  made  i t  possib le  to  better 
appreciate  the  i n fl uence  of the  main  physical  parameters  and ,  especia l l y,  of the  duration  of 
the  current flow.  

I EC  TS  60479-1  con tains  i n formation  abou t body impedance  and  body current th resholds  for 
various  physiolog ical  effects.  Th is  i n formation  can  be  combined  to  derive  estimates  of a . c.  
and  d . c.  touch  vol tage  th resholds  for certa in  body curren t pathways,  con tact moisture  
cond i tions,  and  skin  con tact areas.  

Th is  techn ical  speci fication  refers  speci fical l y to  the  effects  of e lectric curren t.  When  an  
assessment of the  harmfu l  effects  of any event on  human  beings  and  l i vestock i s  being  made,  
other non-electric phenomena,  i nclud ing  fa l l s ,  heat,  fi re,  or others  shou ld  be  taken  i n to  
account.  These  matters  are  beyond  the  scope  of th is  techn ical  speci fication ,  bu t may be  
extremely serious  in  thei r own  ri gh t.  

Further experimental  data  are  under consideration ,  such  as  recent ongoing  experimental  work 
on  "curren t i nduced  heart fibri l l ation  by exci tation  wi th  d iscrete  Fourier spectra"  wh ich  i s  
i n tended  to  con tribu te  to  frequency factor data.  
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EFFECTS OF CURRENT ON  HUMAN  BEINGS 
AND LIVESTOCK – 

 
Part 1 :  General  aspects  

 
 
 

1  Scope 

For a  g iven  cu rren t path  through  the  human  body,  the  danger to  persons  depends  main ly on  
the  magn i tude  and  duration  of the  cu rren t fl ow.  However,  the  time/current zones  speci fied  i n  
the  fol l owing  clauses  are,  i n  many cases,  not d i rectl y appl icable  i n  practice  for design ing  
measures  of protection  against e lectrical  shock.  The  necessary cri terion  i s  the  admissib le  l im i t 
of touch  vol tage  ( i . e .  the  product of the  curren t th rough  the  body cal led  touch  current and  the  
body impedance)  as  a  function  of time.  The  re lationsh ip  between  current and  vol tage  i s  not 
l i near because  the  impedance  of the  human  body varies  wi th  the  touch  vol tage,  and  data  on  
th is  relationsh ip  i s  therefore  requ i red .  The  d i fferen t parts  of the  human  body (such  as  the  skin ,  
b lood ,  muscles,  other ti ssues  and  jo in ts)  present to  the  e lectric current a  certa in  impedance  
composed  of resisti ve  and  capaci ti ve  components.  

The  values  of body impedance  depend  on  a  number of factors  and ,  i n  particu lar,  on  curren t 
path ,  on  touch  vol tage,  duration  of cu rren t fl ow,  frequency,  degree  of moisture  of the  skin ,  
surface  area  of con tact,  pressure  exerted  and  temperature.  

The  impedance  values  i nd icated  i n  th is  techn ical  speci fication  resu l t  from  a  close  examination  
of the  experimental  resu l ts  avai lable  from  measurements  carried  ou t principal l y on  corpses  
and  on  some  l i vi ng  persons.  

Knowledge  of the  effects  of a l ternating  current i s  primari l y based  on  the  find ings  re lated  to  the  
effects  of current at frequencies  of 50  Hz or 60  Hz wh ich  are  the  most common  i n  e lectrical  
i nsta l lations.  The  values  g iven  are,  however,  deemed  appl icable  over the  frequency range  
from  1 5  Hz to  1 00  Hz,  th reshold  values  at  the  l im i ts  of th is  range  being  h igher than  those  at 
50  Hz  or 60  Hz.  Principal l y the  risk of ven tricu lar fibri l l ation  i s  considered  to  be  the  main  
mechan ism  of death  of fatal  e lectrical  acciden ts.  

Acciden ts  wi th  d i rect curren t are  much  l ess  frequent than  wou ld  be  expected  from  the  number 
of d . c.  appl ications,  and  fatal  e lectrical  acciden ts  occur on ly under very un favourable  
cond i tions,  for example,  i n  m ines.  Th is  i s  partl y due  to  the  fact that wi th  d i rect curren t,  the  let-
go  of parts  g ripped  i s  l ess  d i fficu l t and  that for shock durations  longer than  the  period  of the  
card iac cycle,  the  threshold  of ven tricu lar fi bri l lation  i s  considerably h igher than  for a l ternating  
cu rrent.  

NOTE  The  I EC  60479  seri es  con ta ins  i n formation  abou t  body impedance  and  body cu rren t  th reshol ds  for vari ous  
phys i o log ica l  effects.  Th i s  i n formati on  can  be  combined  to  deri ve  estimates  of a . c.  and  d . c.  touch  vol tage  
th resholds  for certa i n  body cu rren t  pathways,  con tact  moistu re  cond i ti ons ,  and  ski n  con tact  areas.  I n formati on  
abou t  touch  vol tage  th resholds  for phys io log ica l  effects  i s  con ta ined  i n  I EC  61 201 .  

2  Normative references  

The  fol lowing  referenced  documents  are  i nd ispensable  for the  appl ication  of th is  document.  
For dated  references,  on ly the  ed i tion  ci ted  appl ies.  For undated  references,  the  latest ed i tion  
of the  referenced  document ( i nclud ing  any amendments)  appl ies.  

I EC  61 201 : 1 992,  Extra-low voltage (ELV)  – Limit values 

Guide  1 04: 1 997 ,  The preparation of safety publications and the use of basic safety 
publications and group safety publications 
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3  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol lowing  terms  and  defin i tions  apply.  

3.1  General  defin i tions  

3. 1 . 1  
long i tudinal  current 
curren t fl owing  l engthwise  through  the  trunk of the  human  body such  as  from  hand  to  feet 

3.1 .2  
transverse  current 
curren t fl owing  across  the  trunk of the  human  body such  as  from  hand  to  hand  

3.1 .3  
in ternal  impedance  of the  human  body  
Zi  
impedance  between  two  e lectrodes  i n  con tact wi th  two  parts  of the  human  body,  neg lecting  
skin  impedances  

3.1 .4 
impedance  of the  skin   
Zs  
impedance  between  an  e lectrode  on  the  skin  and  the  conductive  ti ssues  underneath  

3.1 .5  
total  impedance of the  human  body  
ZT  
vectoria l  sum  of the  in ternal  impedance  and  the  impedances  of the  skin  (see  F igure  1 )  

3.1 .6  
in i tial  resistance of the  human  body  
R0  
resistance  l im i ting  the  peak value  of the  current at the  moment when  the  touch  vol tage  occurs  

3.1 .7  
dry condition  
cond i tion  of the  skin  of a  surface  area  of con tact wi th  regard  to  humid i ty of a  l i ving  person  
being  at rest under normal  i ndoor envi ronmental  cond i tions  

3.1 .8  
water-wet condi tion  
cond i tion  of the  skin  of a  surface  area  of con tact being  exposed  for 1 min  to  water of publ ic 

water suppl ies  (average  resisti vi ty ρ  =  3  500  Ωcm,  pH  =  7  to  9)  

3.1 .9  
sal twater-wet condi tion  
cond i tion  of the  skin  of a  su rface  area  of contact being  exposed  for 1  m in  to  a  3  %  solu tion  of 

NaCl  i n  water (average  resisti vi ty ρ  =  30  Ωcm,  pH  =  7  to  9)  

NOTE  I t  i s  assumed  that  sa l twater-wet cond i ti on  s imu l ates  the  cond i ti on  of the  ski n  of a  sweati ng  person  or a  
person  after immersi on  i n  seawater.  Fu rther i nvesti gati ons  are  necessary.  

3.1 .1 0  
deviation  factor  
FD  
total  body impedance  ZT  for a  g iven  percenti le  rank of a  popu lation  d ivided  by the  total  body 
impedance  ZT  for a  percenti le  rank of 50  %  of a  popu lation  at a  g i ven  touch  vol tage  
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3.2  Effects  of s inusoidal  al ternating  current in  the  range  1 5  Hz to  1 00  Hz 

3.2 .1  
threshold  of perception  
min imum  value  of touch  cu rren t wh ich  causes  any sensation  for the  person  through  wh ich  i t  i s  
fl owing  

3.2.2   
threshold  of reaction  
min imum  value  of touch  cu rren t wh ich  causes  i nvolun tary muscu lar con traction  

3.2.3   
threshold  of let-go 
maximum  value  of touch  curren t at wh ich  a  person  hold ing  e lectrodes  can  l et  go  of the  
e lectrodes  

3.2.4 
threshold  of ventricu lar fibri l lation  
min imum  value  of touch  cu rren t through  the  body wh ich  causes  ventricu lar fibri l lation  

3.2.5   
heart-current factor  
F 

relates  the  e lectric fi el d  strength  (current densi ty)  i n  the  heart for a  g i ven  cu rren t path  to  the  
e lectric fie ld  strength  (curren t densi ty)  i n  the  heart for a  touch  current of equal  magn i tude  
flowing  from  left  hand  to  feet 

NOTE  I n  the  heart,  the  cu rren t  densi ty i s  proporti onal  to  the  e l ectri c  fi e l d  s trength .  

3.2.6   
vu lnerable  period  
comparatively smal l  part  of the  card iac cycle  during  wh ich  the  heart fibres  are  i n  an  
i nhomogeneous  state  of exci tabi l i ty and  ven tricu lar fibri l l ati on  occurs  i f they are  exci ted  by an  
e lectric curren t of su fficien t magn i tude  

NOTE  The  vu l nerabl e  peri od  corresponds  to  the  fi rst  part  of the  T-wave  i n  the  e l ectrocard iogram  wh ich  i s  
approximatel y 1 0  %  of the  card i ac cycl e  (see  F i gu res  1 7  and  1 8) .  

3.3  Effects  of d i rect current 

3 .3.1  
total  body resistance  
RT  
sum  of the  in ternal  resistance  of the  human  body and  the  resistances  of the  skin  

3.3.2   
d .c. /a.c.  equ ivalence  factor  
k  

ratio  of d i rect current to  i ts  equ ivalen t r.m .s.  va lue  of a l ternating  current having  the  same  
probabi l i ty of i nducing  ventricu lar fi bri l l ation  

NOTE  As  an  example  for shock d u rati ons  l onger than  the  peri od  of one  card i ac cycle  and  50  %  probabi l i ty for 
ven tri cu l ar fi bri l l a ti on ,  the  equ ival ence  factor for 1 0  s  i s  approximate l y:  
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k  =  75,3
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mA300
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I
 (see  F i gu res  20  and  22)  

3.3.3   
upward  current 
d i rect touch  cu rren t th rough  the  human  body for wh ich  the  feet represent the  posi ti ve  polari ty 

3.3.4   
downward  current 
d i rect touch  cu rren t th rough  the  human  body for wh ich  the  feet represent the  negative  polari ty 

4 Electrical  impedance of the  human  body 

The  values  of body impedance  depend  on  a  number of factors  and ,  i n  particu lar,  on  curren t 
path ,  on  touch  vol tage,  duration  of cu rren t fl ow,  frequency,  degree  of moisture  of the  skin ,  
surface  area  of con tact,  pressure  exerted  and  temperature.  

A schematic d iagram  for the  impedance  of the  human  body i s  shown  in  F igure  1 .  

4.1  In ternal  impedance  of the  human  body (Zi )  

The  i n ternal  impedance  of the  human  body can  be  considered  as  mostly resisti ve.  I ts  va lue  
depends  primari l y on  the  curren t path  and ,  to  a  l esser extent,  on  the  surface  area  of contact.  

NOTE  1  Measuremen ts  i nd i cate  that  a  smal l  capaci ti ve  componen t exi sts  (dashed  l i nes  i n  F i gu re  1 ) .  

Figure  2  shows  the  i n ternal  impedance  of the  human  body for i ts  d i fferent parts  expressed  as  
percentages  of that related  to  the  path  hand  to  foot.  

For curren t paths  hand  to  hand  or hand  to  feet,  the  impedances  are  main ly located  in  the  
l imbs  (arms and  l egs).  I f the  impedance  of the  trunk of the  body i s  neg lected ,  a  s impl i fied  
ci rcu i t  d iagram  can  be  establ i shed  wh ich  i s  shown  in  F igure  3 .  

NOTE  2  I n  order to  s impl i fy the  ci rcu i t  d i ag ram,  i t  i s  assumed  that  the  impedance  of arms  and  l egs  have  the  same  
val ues.  

4.2  Impedance  of the  skin  (Zs)  

The  impedance  of the  skin  can  be  considered  as  a  network of resistances  and  capaci tances.  
I ts  structure  i s  made  up  of a  semi -i nsu lating  layer and  smal l  conductive  e lements  (pores).  The  
skin  impedance fal l s  when  the  curren t i s  i ncreased .  Sometimes  curren t marks  are  observed  
(see  4 . 7).  

The  value  of the  impedance of the  skin  depends  on  vol tage,  frequency,  duration  of the  cu rren t 
fl ow,  su rface  area  of con tact,  pressure  of con tact,  the  degree  of moisture  of the  skin ,  
temperature  and  type  of the  skin .  

For l ower touch  vol tages  the  value  of the  impedance  of the  skin  varies  widely,  even  for one  
person ,  wi th  surface  area  of contact and  cond i tion  (dry,  wet,  perspi ration),  temperature,  rapid  
respi ration ,  etc.  For h igher touch  vol tages  the  skin  impedance  decreases  considerably and  
becomes  neg l ig ib le  when  the  skin  breaks  down.  

As  regards  the  i n fluence  of frequency,  the  impedance  of the  skin  decreases  when  the  
frequency i ncreases.  
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4.3  Total  impedance of the  human  body (ZT)  

The  total  impedance  of the  human  body consists  of resisti ve  and  capaci tive  components.  

For l ower touch  vol tages,  there  are  considerable  variations  i n  the  impedance  of the  skin  ZS  
and  the  tota l  impedance  of the  human  body ZT  s im i larly varies  widely.  For h igher touch  
vol tages,  the  tota l  impedance  depends  l ess  and  l ess  on  the  impedance  of the  skin  and  i ts  
va lue  approaches  that of the  i n ternal  impedance  Zi .  See  Figures  4  to  9 .  

As  regards  the  i n fluence  of frequency,  taking  in to  account the  frequency dependence  of the  
skin  impedance,  the  tota l  impedance  of the  human  body i s  h i gher for d i rect current and  
decreases  when  the  frequency increases.  

4.4 Factors  affecting  in i tial  resistance of the  human  body (R0)  

At the  moment when  the  touch  vol tage  occurs,  capaci tances  i n  the  human  body are  not 
charged .  Therefore  skin  impedances  ZS1  and  ZS2  are  neg l ig ib le  and  the  i n i tia l  resistance  R0   
i s  approximately equal  to  the  i n ternal  impedance  of the  human  body Zi  (see  F igure  1 ) .  The  
i n i ti al  resistance  R0  depends  main ly on  the  curren t path  and  to  a  l esser exten t on  the  surface  
area  of con tact.   

The  i n i tia l  resistance  R0  l im i ts  the  cu rrent peaks  of short impu lses  (e. g .  shocks  from  e lectric 
fence  con trol l ers) .  

4.5 Values  of the  total  impedance of the  human  body (ZT)  

The  dependence  of the  total  body impedance  ZT  for the  50
th  percen ti le  rank of a  popu lation  of 

l i ving  human  beings  for l arge,  med ium  and  smal l  su rface  areas  of contact (order of magn i tude  
1 0  000  mm2 ,  1  000  mm2  and  1 00  mm2  respectively)  i n  d ry,  water-wet and  sal twater-wet 
cond i tions  at touch  vol tages  UT  =  25  V a . c.  to  200  V a . c.  i s  shown  i n  F igures  7 ,  8  and  9 .  

4.5.1  Sinusoidal  al ternating  current 50/60  Hz for large  surface areas  of contact 

The  values  of the  tota l  body impedances  in  Tables  1 ,  2  and  3  are  val i d  for l i ving  human  
beings  and  a  cu rren t path  hand  to  hand  for l arge  su rface  areas  of con tact (order of magn i tude  
1 0  000  mm2)  i n  d ry (Table  1 ) ,  water-wet (Table  2)  and  sal twater-wet (Table  3)  cond i tions.  

The  range  of the  total  body impedances  for touch  vol tages  up  to  700  V for l arge  surface  areas  
of con tact i n  d ry,  water-wet and  sal twater-wet cond i tions  for a  percenti l e  rank of 50  %  of the  
popu lation  i s  presented  in  F igure  4 .  

The  values  for Tables  1 ,  2  and  3  represent the  best knowledge  on  the  total  body impedances  
ZT  for l i ving  adu l ts.  On  the  knowledge  at present avai lable  the  total  body impedance  ZT  for 
ch i l d ren  i s  expected  to  be  somewhat h igher bu t of the  same  order of magn i tude.  
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Table  1  – Total  body impedances  ZT  for a  current path  hand  to  hand  a.c.  50/60  Hz,  for 
large  surface  areas  of contact in  dry conditions  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT  (Ω)  that  are  not  exceeded  for 

 5  % of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

225  

400  

500  

700  

1  000  

1  750  

1  375  

1  1 25  

990  

900  

850  

825  

800  

775  

700  

625  

575  

575  

3  250  

2  500  

2  000  

1  725  

1  550  

1  400  

1  325  

1  275  

1  225  

950  

850  

775  

775  

6  1 00  

4  600  

3  600  

3  1 25  

2  675  

2  350  

2  1 75  

2  050  

1  900  

1  275  

1  1 50  

1  050  

1  050  

Asymptoti c  va l ue  
 =  i n ternal  impedance  

 575  775   1  050  

NOTE  1  Some  measuremen ts  i nd i cate  that the  tota l  body impedance  for the  cu rren t  path  hand  to  foot  i s  somewhat 
l ower than  for a  cu rren t  path  hand  to  hand  (1 0  %  to  30  %).  

NOTE  2  For l i vi ng  persons  the  val ues  of ZT  correspond  to  a  d u rati on  of cu rren t  fl ow of abou t  0 , 1  s .  For l onger 
du rati ons  ZT  va l ues  may decrease  (abou t 1 0  %  to  20  %)  and  after complete  ruptu re  of the  ski n  ZT  approaches  the   
i n ternal  body impedance  Zi .  

NOTE  3  For the  s tandard  val ue  of the  vol tage  230  V (network-system  3N  ∼  230/400  V)  i t  may be  assumed  that  the  
val ues  of the  tota l  body impedance  are  the  same  as  for a  touch  vol tage  of 225  V.  

NOTE  4  Val ues  of Z
T
 a re  rounded  to  25  Ω .   
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Table  2  – Total  body impedances  ZT  for a  current path  hand  to  hand  a.c.  50/60  Hz,  for 
large  surface  areas  of contact in  water-wet condi tions  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT  (Ω)  that  are  not  exceeded  for 

 5  % of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

225  

400  

500  

700  

1  000  

1 1 75  

1 1 00  

1 025  

975  

900  

850  

825  

800  

775  

700  

625  

575  

575  

2  1 75  

2  000  

1  825  

1  675  

1  550  

1  400  

1  325  

1  275  

1  225  

950  

850  

775  

775  

4  1 00  

3  675  

3  275  

2  950  

2  675  

2  350  

2  1 75  

2  050  

1  900  

1  275  

1  1 50  

1  050  

1  050  

Asymptoti c  va l ue  
 = i n ternal  impedance  

 575  775   1  050  

NOTE  1  Some  measurements  i nd i cate  that  the  tota l  body impedance  for the  cu rren t  path  hand  to  foot  i s  somewhat  
l ower than  for a  cu rren t  path  hand  to  hand  (1 0  %  to  30  %).  

NOTE  2  For l i vi ng  persons  the  va l ues  of ZT  correspond  to  a  d u rati on  of cu rren t  fl ow of abou t  0 , 1  s .  For l onger 
d u rati ons  ZT  va l ues  may decrease  (abou t  1 0  %  to  20  %)  and  after complete  ruptu re  of the  ski n  ZT  approaches  the  
i n ternal  body impedance  Zi .  

NOTE  3  For the  standard  va l ue  of the  vol tage  230  V (network-system  3N  ∼  230/400  V)  i t  may be  assumed  that  the  
val ues  of the  tota l  body impedance  are  the  same  as  for a  touch  vol tage  of 225  V.  

NOTE  4  Val ues  of ZT  a re  rounded  to  25  Ω .  
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Table  3  – Total  body impedances  ZT  for a  current path  hand  to  hand  a.c.  50/60  Hz,  for 
large  surface  areas  of contact in  sal twater-wet conditions  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT  (Ω)  that  are  not  exceeded  for 

 5  % of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

225  

400  

500  

700  

1  000  

960  

940  

920  

880  

850  

830  

81 0  

790  

770  

700  

625  

575  

575  

1  300  

1  275  

1  250  

1  225  

1  200  

1  1 80  

1  1 55  

1  1 35  

1  1 1 5  

950  

850  

775  

775  

1  755  

1  720  

1  685  

1  655  

1  620  

1  590  

1  560  

1  530  

1  505  

1  275  

1  1 50  

1  050  

1  050  

Asymptoti c va l ue  
 =  i n terna l  impedance  

 575  775   1  050  

NOTE  1  Some  measuremen ts  i nd icate  that  the  tota l  body impedance  for the  cu rren t  path  hand  to  foot  i s  somewhat  
l ower than  for a  cu rren t  path  hand  to  hand  (1 0  %  to  30  %).  

NOTE  2  Due  to  l ow ski n  impedances  i n  th i s  case  i t  may be  assumed  that ZT  d epends  l i ttl e  on  the  du rati on  of 
cu rren t fl ow;  ZT  approaches  the  i n ternal  body impedance  Zi .  

NOTE  3  For the  standard  va l ue  of the  vol tage  230  V (network-system  3N  ∼  230/400  V)  i t  may be  assumed  that  the  
va l ues  of the  tota l  body impedance  are  the  same  as  for a  touch  vol tage  of 225  V.  

NOTE  4  Val ues  of ZT  a re  rounded  to  5  Ω .  

 
The  values  i nd icated  i n  Tables  1  to  3  have  been  derived  from  measurements  carried  ou t on  
corpses  and  on  l i ving  persons  (adu l ts,  males  and  females)  as  described  i n  Annex A.  

At vol tages  h igher than  approximately 1 25  V for water-wet cond i tions  and  400  V for sa l twater-
wet cond i tions  the  values  for the  total  body impedance  are  the  same as  for d ry cond i tions  
(see  F igure  4).  

4.5.2  Sinusoidal  al ternating  current 50/60  Hz for medium  and  smal l  surface  areas  of 
contact 

The  value  of the  i n ternal  body impedances  Zi  and  of the  i n i tia l  body resistance  R0  (see  4 . 6)  
depend  on ly to  a  smal l  exten t on  the  su rface  areas  of con tact.  

However,  when  the  su rface  area  of con tact i s  very smal l ,  i n  the  order of a  few square  
m i l l imetres,  the  values  are  i ncreased .  

After the  skin  has  broken  down  (for touch  vol tages  over approx.  1 00  V and  after l onger 
durations  of cu rren t fl ow),  the  tota l  body impedance  ZT  approaches  values  of the  i n ternal  body 
impedance  Zi  and  depends  on ly to  a  smal l  exten t on  the  surface  area  of con tact and  i ts  
cond i tion  of dampness.  

The  measurements  of the  dependence  of the  total  body impedance  ZT  on  the  surface  area  of 
con tact for a. c.  50  Hz i n  d ry,  water-wet and  sal twater-wet cond i tions  wh ich  have  been  carried  
ou t on  l i vi ng  persons  at  touch  vol tages  of UT  =  25  V to  200  V are  described  i n  Annex A.  

NOTE  No  data  on  ZT  for su rface  areas  i n  water-wet and  sal twater-wet cond i ti ons  of persons  or corpses  i s  
avai l abl e  for touch  vol tages  above  200  V.  
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The  dependence  of the  tota l  body impedance  ZT  for a  current path  hand  to  hand  on  the  
su rface  area  of con tact ( from  1  mm2  up  to  approximately 8  000  mm2)  i n  d ry cond i tion  for a  
touch  vol tage  range  of 25  V to  200  V,  a . c.  50  Hz,  measured  on  one  person  i s  shown  i n  
F igure  5.  For touch  vol tages  below 1 00  V and  smal l  su rface  areas  of con tact i n  the  order of a  
few mm 2 ,  deviations  i n  the  measurements  can  easi l y reach  abou t +  50  %  of the  average,  
depend ing  on  temperature,  pressure,  l ocation  wi th in  the  palm  of the  hand ,  etc.  

The  dependence  of the  total  body impedance  ZT  between  the  ti ps  of the  righ t forefinger and  
the  l eft forefinger (surface  area  of contact approximately 250  mm2)  on  the  touch  vol tage  for 
a . c.  50/60  Hz for a  vol tage  range  from  25  V to  200  V i s  shown  in  F igure  6 .  

From  F igure  6  one  can  calcu late  that the  partia l  impedance  of one  forefinger at a  touch  

vol tage  of 200  V i s  on  the  order of 1  000  Ω .  

The  measurements  of the  total  body impedance  ZT  shown  i n  F igures  5  and  6  have  been  
carried  ou t on  one  l i ving  person  on ly.  

For a  percenti le  rank of 5  %,  50  %  and  95  %  of a  popu lation  of l i ving  human  beings  on  the  
knowledge  at present avai lable  the  fol l owing  presentation  i s  g iven  for the  tota l  body 
impedance  ZT  for l arge,  med ium  and  smal l  surface  areas  of con tact (order of magn i tude  
1 0  000  mm2 ,  1  000  mm2  and  1 00  mm2  respectively)  i n  d ry,  water-wet and  sal twater-wet 
cond i tions:  

•  for l arge  surface  areas  of con tact,  the  values  have  been  presented  i n  Tables  1 ,  2  and  
3  for d ry,  water-wet and  sal twater-wet cond i tions  for touch  vol tages  UT  =  25  V to  
1  000  V,  a . c.  50/60  Hz;  

•  for med ium  surface  areas  of contact,  the  values  are  presented  in  the  fol lowing  Tables  
4 ,  5  and  6  for d ry,  water-wet and  sal twater-wet cond i tions  for touch  vol tages  UT  =  25  V 
to  200  V a. c.  50/60  Hz;  

•  for smal l  su rface  areas  of con tact,  the  values  are  presented  in  the  fol lowing  Tables  7 ,  8  
and  9  for d ry,  water-wet and  sal twater-wet cond i tions  for touch  vol tages  UT  =  25  V to  
200  V a . c.  50/60  Hz.  

Table  4  –Total  body impedances  ZT  for a  current path  hand  to  hand  for medium  surface  
areas  of contact in  dry conditions  at touch  vol tages  UT  =  25  V to  200  V a.c.  50/60  Hz 

(values  rounded  to  25  Ω)  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT (Ω)  that  are  not exceeded  for 

 5  %  of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

1 1  1 25  

7  1 50  

4  625  

3  000  

2  350  

1  800  

1  550  

1  375  

20  600  

1 3  000  

8  200  

5  200  

4  000  

3  000  

2  500  

2  200  

38  725  

23  925  

1 4  750  

9  1 50  

6  875  

5  050  

4  1 25  

3  525  
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Table  5  – Total  body impedances  ZT  for a  current path  hand  to  hand  for medium  surface  
areas  of contact in  water-wet condi tions  at  touch  vol tages  UT  =  25  V  to  200  V  a.c.  50/60  Hz 

(values  rounded  to  25  Ω)  

Touch  vol tage  

V 

Values  for the  total  body impedances  ZT (Ω)  that are  not exceeded  

for 

 5  % of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

5  050  

4  1 00  

3  400  

2  800  

2  350  

1  800  

1  550  

1  375  

9  350  

7  450  

6  000  

4  850  

4  000  

3  000  

2  500  

2  200  

1 7  575  

1 3  700  

1 0  800  

8  525  

6  875  

5  050  

4  1 25  

3  525  

 

Table  6  – Total  body impedances  ZT  for a  current path  hand  to  hand  for medium  surface  
areas  of contact in  sal twater-wet condi tions  at  touch  vol tages  UT  =  25   V  to  200  V  a.c.  

50/60  Hz (values  rounded  to  5  Ω)  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT (Ω)  that  are  not exceeded  for 

 5  %  of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

1  795  

1  765  

1  740  

1  71 5  

1  685  

1  660  

1  525  

1  350  

2  425  

2  390  

2  350  

2  31 5  

2  280  

2  245  

2  21 0  

2  1 75  

3  275  

3  225  

3  1 75  

3  1 25  

3  075  

3  030  

2  985  

2  935  

 

Table  7  – Total  body impedances  ZT  for a  current path  hand  to  hand  for smal l  surface  
areas  of contact in  dry conditions  at touch  vol tages  UT  =  25  V to  200  V a.c.  50/60  Hz 

(values  rounded  to  25  Ω)  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT  (Ω)  that are  not  exceeded  for 

 5  % of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

91  250  

74  800  

42  550  

23  000  

1 2  875  

7  200  

4  000  

3  500  

1 69  000  

1 36  000  

74  000  

40  000  

22  000  

1 2  000  

6  500  

5  400  

31 7  725  

250  250  

1 33  200  

70  400  

37  850  

20  225  

1 0  725  

8  650  
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Table  8  – Total  body impedances  ZT  for a  current path  hand  to  hand  for smal l  surface  
areas  of contact in  water-wet condi tions  at  touch  vol tages  UT  =  25  V to  200  V a.c.  

50/60  Hz (values  rounded  to  25  Ω)  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT  (Ω)  that  are  not  exceeded  for 

 5  % of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

39  700  

29  800  

22  600  

1 7  250  

1 2  875  

7  200  

4  000  

3  500  

73  500  

54  200  

40  000  

30  000  

22  000  

1 2  000  

6  500  

5  400  

1 38  1 75  

99  725  

72  000  

52  800  

37  850  

20  225  

1 0  725  

8  650  

 

Table  9  – Total  body impedances  ZT  for a  current path  hand  to  hand  for smal l  surface  
areas  of contact in  sal twater-wet condi tions  at  touch  vol tages  UT  =  25  V to  200  V a.c.  

50/60  Hz (values  rounded  to  5  Ω)  

Touch  vol tage  

V 
Values  for the  total  body impedances  ZT  (Ω)  that  are  not  exceeded  for 

 5  % of the  popu lation  50  % of the  popu lation  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

5  400  

5  1 05  

4  845  

4  590  

4  330  

4  000  

3  700  

3  400  

7  300  

6  900  

6  550  

6  200  

5  850  

5  550  

5  250  

5  000  

9  855  

9  31 5  

8  840  

8  370  

7  900  

7  490  

7  085  

6  750  

 

4.5.3  Sinusoidal  al ternating  current wi th  frequencies  up  to  20  kHz 

The  values  of the  tota l  body impedance  for 50/60  Hz decrease  at  h igher frequencies  due  to  
the  i n fluence  of the  capaci tances  of the  skin  and  approach ,  for frequencies  above  5  kHz,  the  
i n ternal  body impedance  Zi .  

The  measurements  of the  total  body impedance  wi th  frequencies  up  to  20  kHz at touch  
vol tages  of 1 0  V and  25  V are  described  in  Annex B.  

F igure  1 0  shows  the  frequency dependence of the  total  body impedance  ZT  for a  curren t path  
hand  to  hand  and  large  su rface  areas  of con tact for a  touch  vol tage  of 1 0  V and  frequencies  
from  25  Hz to  20  kHz.  

F igure  1 1  shows  the  frequency dependence  of the  total  body impedance  ZT  for a  curren t path  
hand  to  hand  and  large  su rface  areas  of con tact for a  touch  vol tage  of 25  V and  frequencies  
from  25  Hz to  1 50  kHz.  From  the  resu l ts,  curves  have  been  derived  g iving  the  dependence  of 
the  tota l  body impedance  ZT  of a  popu lation  for the  50th  percenti le  rank for touch  vol tages  
from  1 0  V to  1  000  V and  a  frequency range  from  50  Hz to  1 50  kHz for a  curren t path  hand  to  
hand  or hand  to  foot for l arge  surface  areas  of con tact i n  d ry cond i tion .  The  curves  are  shown  
i n  F igure  1 2 .  

NOTE  No  measuremen ts  have  been  carri ed  ou t  i n  water-wet and  sa l twater-wet cond i ti ons .  

Copyright International  Electrotechnical  Commission  



I EC  TS  60479-1 : 2005+AMD1 :201 6  CSV – 21  – 

  I EC  201 6  

4.5.4 Direct current 

The  tota l  body resistance  RT  for d i rect current i s  h i gher than  the  total  body impedance  ZT  for 
a l ternating  cu rrent for touch  vol tages  up  to  approximately 200  V due  to  the  b locking  effect of 
the  capaci tances  of the  human  skin .  

The  measurements  of the  tota l  body impedance  wh ich  have  been  carried  ou t wi th  d i rect 
cu rren t for l arge  surface  areas  of con tact i n  d ry cond i tion  are  described  i n  Annex C.  

NOTE  No  measuremen ts  have  been  carri ed  ou t  i n  water-wet and  sa l twater-wet cond i ti ons .  

The  values  for the  tota l  body resistance  RT  for d i rect curren t determined  i n  the  way described  
i n  Annex C  are  presented  in  Table  1 0  (see  Figure  1 3,  continuous  l i nes).  

For l arge  surface  areas  of contact i n  water-wet and  sal twater-wet cond i tions  the  tota l  body 
resistance  RT  may be  determined  wi th  su fficien t accuracy from  Tables  2  and  3 ,  wh i l e  
neg lecting  smal l  d i fferences  of ZT  between  a . c.  and  d . c.  wh ich  may exist  i n  the  vol tage  range  
below 1 00  V.  For a l l  other cases,  the  tables  for a . c.  can  be  used  for a  conservative  estimate.  

Table  1 0  – Total  body resistances  RT  for a  current path  hand  to  hand,  d .c. ,   
for large  surface  areas  of contact in  dry conditions  

Touch  vol tage  

V 
Values  for the  total  body resistance  RT  (Ω )  that  are  not exceeded  for 

 5  % of the  popu lation  50  % of the  population  95  % of the  popu lation  

25  

50  

75  

1 00  

1 25  

1 50  

1 75  

200  

225  

400  

500  

700  

1  000  

2  1 00  

1  600  

1  275  

1  1 00  

975  

875  

825  

800  

775  

700  

625  

575  

575  

3  875  

2  900  

2  275  

1  900  

1  675  

1  475  

1  350  

1  275  

1  225  

950  

850  

775  

775  

7  275  

5  325  

4  1 00  

3  350  

2  875  

2  475  

2  225  

2  050  

1  900  

1  275  

1  1 50  

1  050  

1  050  

Asymptoti c  va l ue  575  775  1  050  

NOTE  1  Some  measu rements  i n d i cate  that  the  tota l  body res i stance  RT  for the  cu rren t  path  hand  to  foot  i s  
somewhat l ower than  for a  cu rren t  path  hand  to  hand  (1 0  %  to  30  %).  

NOTE  2  For l i vi ng  persons,  the  val ues  of RT  correspond  to  a  d u rati on  of cu rren t  fl ow of abou t  0 , 1  s .  For l onger 
d u rati ons  RT  va l ues  may decrease  (abou t  1 0  %  to  20  %)  and  after complete  ruptu re  of the  ski n  RT  approaches  the  
i n i ti a l  body res i stance  Ro.  

NOTE  3  Values  of RT  a re  rounded  to  25  Ω .  
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4.6  Value  of the  in i tial  resistance  of the  human  body (R0)  

The  value  of the  in i tia l  resistance  of the  human  body R0  for a  curren t path  hand  to  hand  or 

hand  to  foot and  large  surface  areas  of con tact can  be  taken  as  equal  to  500  Ω  for a  
percenti le  rank of 5  %  for a . c.  and  for d . c.  The  values  for 50  %  and  95  %  of the  popu lation  can  

be  taken  as  equal  to  750  Ω  and  1  000  Ω  respectively (sim i lar to  Table  1 ) .  The  values  depend  
on ly l i ttl e  on  the  surface  areas  of contact and  on  cond i tions  of the  skin .  

NOTE  The  val ues  for i n i ti a l  res i stance  R0  are  somewhat  l ower than  the  asymptoti c  val ues  for the  tota l  body 
impedance  ZT  for a . c.  50/60  Hz  and  the  tota l  body res i stance  RT  for d . c. ,  because  when  con tact i s  made  the  

capaci tances  of the  ski n  and  the  i n ternal  capaci tance  of the  body are  uncharged .  

5 Effects  of s inusoidal  al ternating  current in  the  range of 1 5  Hz to  1 50  Hz 

Clause  5  describes  the  effects  of s inusoidal  a l ternating  curren t passing  through  the  human  
body wi th in  the  frequency range  1 5  Hz to  1 50  Hz.  

NOTE  Un l ess  otherwi se  speci fi ed ,  the  cu rren t  val ues  defi ned  herei nafter are  r.m . s .  va l ues.  

Examples  of touch  curren ts  and  thei r effects  are  shown  in  F igure  20.  

5.1  Threshold  of perception  

The  threshold  depends  on  several  parameters,  such  as  the  area  of the  body i n  con tact wi th  an  
e lectrode  (contact area),  the  cond i tions  of contact (d ry,  wet,  pressure,  temperature),  and  a lso  
on  the  physiolog ical  characteristics  of the  i nd ividual .  

5.2  Threshold  of reaction  

The  threshold  depends  on  several  parameters,  such  as  the  area  of the  body i n  con tact wi th  an  
e lectrode  (con tact area),  the  cond i tions  of con tact (d ry,  wet,  pressure,  temperature),  and  a lso  
on  the  physiolog ical  characteristics  of the  i nd ividual .  

A value  of 0 , 5  mA independent of time,  i s  assumed  i n  th is  techn ical  speci fication  for the  
threshold  of reaction  when  touch ing  a  conductive  surface.  

5.3  Immobi l ization  

Immobi l i sation  i n  th is  document means  the  effect of e lectric cu rrent such  that the  body of the  
i n fluenced  human  being  (or part  of the  body)  cannot move  volun tari l y.   

The  effect on  muscles  may resu l t from  curren t fl owing  th rough  the  affected  muscles  or 
th rough  associated  nerves  or the  associated  part of the  brain .  

The  values  of curren t wh ich  cause  immobi l i sation  depend  on  the  volume  of the  muscles  
affected ,  the  type  of nerve  and  the  parts  of the  brain  affected  by the  curren t.  

5.4 Threshold  of let-go 

The  th reshold  of l et-go  depends  on  several  parameters,  such  as  the  con tact area,  the  shape  
and  s ize  of the  e lectrodes  and  a lso  on  the  physiolog ical  characteristics  of the  i nd ividual .  

A value  of abou t 1 0  mA is  assumed  for adu l t  males  in  th is  techn ical  speci fi cation .   

I n  th is  document a  va lue  of abou t 5  mA covers  the  en ti re  popu lation  (for add i tional  
i n formation ,  see  F igure  23).  
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5.5 Threshold  of ventricu lar fibri l lation  

The  threshold  of ven tricu lar fibri l l ation  depends  on  physiolog ical  parameters  (anatomy of the  
body,  state  of card iac function ,  etc. )  as  wel l  as  on  e lectrical  parameters  (duration  and  
pathway of curren t fl ow,  curren t characteristic,  etc. ) .  A description  of heart acti vi ty i s  g iven  in  
F igures  1 7  and  1 8.  

Wi th  s i nusoidal  a . c.  (50  Hz or 60  Hz),  there  i s  a  considerable  decrease  i n  the  th reshold  of 
fibri l l ation  i f the  current fl ow is  prolonged  beyond  one  card iac cycle.  Th is  effect resu l ts  from  
the  increase  i n  i nhomogenei ty of the  exci tatory state  of the  heart due  to  the  cu rrent i nduced  
extra-systoles.  

For shock du rations  below 0 , 1  s ,  fibri l l ation  may occur for cu rren t magn i tudes  above  500  mA,  
and  i s  l i kely to  occur for cu rrent magn i tudes  i n  the  order of several  amperes,  on ly i f the  shock 
fal l s  wi th in  the  vu lnerable  period .  For shocks  of such  i n tensi ti es  and  durations  l onger than  one  
card iac cycle  reversib le  card iac arrest may be  caused .  

For duration  of curren t fl ow longer than  one  heart period  F igure  1 9  shows  a  comparison  
between  the  thresholds  of ven tricu lar fibri l l ation  from  an imal  experiments  and  for human  
beings  calcu lated  from  statistics  of e lectrical  acciden ts.  

I n  adapting  the  resu l ts  from  an imal  experiments  to  human  beings,  an  empi rical  curve  c1  (see  
F igure  20)  was  conventional ly establ ished  for a  curren t path  l eft hand  to  both  feet,  below 
wh ich  fibri l l ation  i s  un l ikely to  occur.  The  h igh  l evel  for short durations  of exposure  between  
1 0  ms  and  1 00  ms  was  chosen  as  a  descend ing  l i ne  from  500  mA to  400  mA.  On  the  basis  of 
i n formation  on  e lectrical  accidents,  the  l ower l evel  for durations  l onger than  1  s  was  chosen  
as  a  descend ing  l i ne  from  50  mA at 1  s  to  40  mA for durations  l onger than  3  s .  Both  levels  
were  connected  by smooth  curves.  

By statistical  evaluation  of an imal  experiments,  curve  c2  and  curve  c3  (see  F igure  20)  have  
been  establ i shed  defin ing  a  probabi l i ty of fibri l l ation  of about 5  %  and  50  %  respectively.  
Curves  c1 ,  c2  and  c3  apply for cu rren t path  left  hand  to  both  feet.  

5.6  Other effects  related  to  electric  shocks  

Other e lectrical  effects  such  as  muscu lar con tractions,  ri se  i n  b lood  pressure,  d i sturbances  of 
formation  and  conduction  of card iac impu lses  ( includ ing  atria l  fi bri l l ation  and  transient rhythm  
d istu rbances)  may occur.  Such  effects  are  not general l y l ethal .  

Wi th  curren ts  of several  amperes  l asting  more  than  seconds,  deep-seated  burns,  and  other 
i n ternal  i n ju ries,  may occur.  Surface  burns  may al so  be  seen .  

H igh  vol tage  accidents  may not resu l t  i n  ventricu lar fi bri l lation ,  i nstead  g iving  other forms  of 
card iac arrest.  Th is  i s  shown  i n  acciden t statistics  and  confi rmed  by an imal  experiments.  
However there  i s  at present i nsu fficien t data  to  d i fferen tiate  the  l i kel i hood  of these  cond i tions.   

Ven tricu lar fibri l l ation  i s  fatal  because  i t  den ies  b lood  flow wh ich  transports  requ i red  oxygen .  
E lectrical  acciden ts  that do  not i nvolve  ven tricu lar fibri l lation  can  a lso  be  fata l .  Other effects  
may affect respi ration  and  m igh t prevent the  person  from  shouting  for help.  These  related  
mechan isms  i nclude  functional  d isturbance  of respi ratory con trol ,  paralysis  of respi ratory 
muscles,  damage  to  the  neural  activation  pathways  for these  muscles,  and  damage  to  the  
respi ratory control  mechan ism  wi th in  the  brainstem.  These  effects,  i f permanent,  l ead  
i nevi tably to  death .  I f a  person  i s  to  recover from  a  reversib le  respi ratory effect,  prompt 
arti ficia l  respi ration  i s  mandatory.  Nonetheless,  the  person  may sti l l  d ie .  I f cu rren t fl ows  
through  cri ti cal  parts  such  as  the  spinal  cord  or the  respi ratory con trol  cen tre,  death  can  
occur.  These  effects  are  under consideration  and  thresholds  are  not yet defined .  

H igh  transmembrane  e lectric fie lds  can  damage  cel l s ,  especia l l y l ong  s lender cel l s ,  such  as  
skeletal  muscle  cel l s.  Th is  i s  not a  thermal  effect.  Th is  has  been  observed  for example  wi th  
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h igh-magn i tude,  short-duration  body currents  (such  as  from  momentary con tact wi th  h i gh-
vol tage  power d istribu tion  l i nes).  A h igh  e lectric fie ld  across  cel l  membranes  can  i nduce  the  
formation  of pores  i n  the  membranes.  The  effect i s  ca l l ed  e lectroporation .  The  pores  may be  
stable  and  u l timately seal  over,  or may en large,  become unstable,  and  subsequently cause  
rupture  of the  cel l  membranes.  Tissue  then  becomes  i rreversib ly damaged .  Necrosis  of the  
ti ssue  can  occur,  often  requ i ring  amputation  of i n ju red  l imbs.  E lectroporation  i s  not l im i ted  to  
any particu lar curren t magn i tude  or to  any particu lar curren t pathway or duration  of flow.  

Related  non-electrical  i n j u ries,  such  as  traumatic i n ju ry,  shou ld  be  considered .   

5.7  Effects  of current on  the  skin  

Figure  1 4  shows the  dependence of changes  of the  human  skin  on  current densi ty,  iT  
(mA/mm2)  and  du ration  of curren t fl ow.  

As  a  gu idel ine  the  fol lowing  values  can  be  g iven :  

•  below 1 0  mA/mm2 ,  i n  general  no  changes  to  the  skin  are  observed .  For l onger 
durations  of current flow (several  seconds)  the  skin  below the  e lectrode  may be  of 
g reyish-wh i te  colour wi th  a  coarse  surface  (zone  0);  

•  between  1 0  mA/mm2  and  20  mA/mm2 ,  a  redden ing  of the  skin  occurs  wi th  a  wave  l i ke  
swel l i ng  of wh i tish  colour a long  the  edges  of the  e lectrode  (zone  1 ) ;  

•  between  20  mA/mm2  and  50  mA/mm2 ,  a  brown ish  colour develops  below the  e lectrode  
extend ing  i n to  the  skin .  For longer durations  of cu rrent fl ow (several  tens  of seconds)  
fu l l  cu rren t marks  (b l isters)  are  to  be  observed  around  the  electrode  (zone  2);  

•  above  50  mA/mm2 ,  carbon ization  of the  skin  can  occur (zone  3);  

•  wi th  l arge  con tact areas  current densi ti es  may be  l ow enough  not to  cause  any 
a l terations  of the  skin  i n  spi te  of fata l  curren t magn i tudes.  

5.8  Description  of time/current zones  (see  Figure  20)  

Table  1 1  – Time/current zones  for a.c.  1 5  Hz to  1 00  Hz for hand  to  feet pathway –  
Summary of zones  of Figure  20  

Zones  Boundaries   Physiolog ical  effects  

AC-1  Up  to  0 , 5  mA 
cu rve  a  

Perception  poss ib l e  bu t usual l y no  ‘ s tartl ed ’  reacti on  

AC-2  0 , 5  mA up  to  
cu rve  b   

Perception  and  i nvol un tary muscu lar con tracti ons  l i ke l y bu t  usual l y no  harmfu l  
e l ectri ca l  phys io l og ical  effects  

AC-3  Cu rve  b  and  
above  

 

S trong  i nvol un tary muscu l ar con tracti ons.  D i ffi cu l ty i n  breath i ng .  Reversi b l e  
d i s tu rbances  of heart  functi on .  Immobi l i zati on  may occur.  Effects  i ncreas ing  
wi th  cu rren t  magn i tude.  U sua l l y no  organ ic  d amage  to  be  expected   

AC-4  1 )  Above  cu rve  
c
1
 

Patho-physiol og ica l  effects  may occur such  as  card i ac arrest,  breath i ng  arrest,  
and  bu rns  or o ther cel l u l ar damage.  Probabi l i ty of ven tri cu l ar fi bri l l a ti on  
i ncreas i ng  wi th  cu rren t  magn i tude  and  time   

 c
1
-c

2
 AC-4 . 1  Probabi l i ty of ven tri cu lar fi bri l l a ti on  i ncreas ing  up  to  abou t  5  %  

 c
2
-c

3
 AC-4 . 2  Probabi l i ty of ven tri cu lar fi bri l l a ti on  up  to  abou t 50  %  

 Beyond  cu rve  
c
3
 

AC-4 . 3  Probabi l i ty of ven tri cu lar fi bri l l a ti on  above  50  %  

1 )   For du rati ons  of cu rren t  fl ow be l ow 200  ms,  ven tri cu l ar fi bri l l a ti on  i s  on l y i n i ti ated  wi th i n  the  vu l nerable  period  
i f the  re l evant  th reshol ds  are  su rpassed .  As  regards  ven tri cu l ar fi bri l l a ti on ,  th i s  fi g u re  re l ates  to  the  effects  of 
cu rren t  wh ich  fl ows  i n  the  path  l eft  hand  to  feet.  For o ther cu rren t  paths ,  the  heart  cu rren t  factor has  to  be  
cons idered .  
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5.9  Appl ication  of heart-current factor (F)  

The  heart-curren t factor permi ts  the  calcu lation  of curren ts  Ih  th rough  paths  other than  l eft  
hand  to  feet wh ich  represent the  same  danger of ven tricu lar fibri l lation  as  that correspond ing  
to  Iref  l eft  hand  to  feet shown  i n  F igure  20:  

Ih  =  
F

Iref  

where  

Iref   i s  the  body cu rrent for the  path  left  hand  to  feet g iven  in  F igure  20;  

Ih  i s  the  body curren t for paths  g iven  in  Table  1 2 ;  

F i s  the  heart-current factor g i ven  in  Table  1 2 .  

NOTE  The  heart-cu rren t  factor i s  to  be  consi dered  as  on l y a  rough  estimati on  of the  re l ati ve  d anger of the  vari ous  
cu rren t paths  wi th  regard  to  ven tricu l ar fi bri l l a ti on .  

For d i fferen t curren t paths,  the  fol lowing  heart-current factors  are  g iven  i n  Table  1 2 .  

Table  1 2  – Heart-current factor F for d i fferent current paths  

Current  path  Heart-current  factor F 

Left  hand  to  l eft  foot,  ri g h t foot  or both  feet  

Both  hands  to  both  feet 

Left  hand  to  ri gh t  hand  

Ri gh t hand  to  l eft  foot,  ri gh t  foot or to  both  feet  

Back to  ri gh t hand  

Back to  l e ft  hand  

Chest to  ri gh t  hand  

Chest to  l eft  hand  

Seat  to  l e ft  hand ,  ri gh t  hand  or to  both  hands  

Left  foot  to  ri gh t  foot 

1 , 0  

1 , 0  

0 , 4  

0 , 8  

0 , 3  

0 , 7  

1 , 3  

1 , 5  

0 , 7  

0 , 04  

 

EXAMPLE  A cu rren t  of 225  mA hand  to  hand  has  the  same  l i ke l i hood  of produci ng  ven tri cu l ar fi bri l l a ti on  as  a  
cu rren t of 90  mA l eft  hand  to  both  feet.  

6 Effects  of d i rect current 

Th is  clause  describes  the  effects  of d i rect current passing  through  the  human  body.  

NOTE  1  The  term  "d i rect  cu rren t"  means  ri pp l e-free  d i rect  cu rren t.  However,  as  regards  fi bri l l a ti on  effects ,  the  
data  g i ven  i n  th i s  cl ause  are  cons idered  to  be  conservati ve  for d i rect  cu rren ts  having  a  s i nusoi dal  ri pp l e  con ten t  of 
not  more  than  1 0  %  r.m . s .  

NOTE  2  The  i n fl uence  of ri ppl e  i s  dea l t  wi th  i n  chapter 5  of I EC  60479-2 .  

NOTE  3  For du rati ons  of cu rren t  fl ow bel ow 1 0  ms  see  chapter 6  of I EC  60479-2 .   

An  example  of a  touch  curren t and  i ts  effects  are  shown  i n  F igure  21 .  

6.1  Threshold  of perception  and  threshold  of reaction  

These  thresholds  depend  on  several  parameters,  such  as  the  con tact area,  the  cond i tions  of 
con tact (dryness,  wetness,  pressure,  temperature),  the  duration  of current fl ow and  on  the  
physiolog ical  characteristi cs  of the  i nd ividual .  Un l ike  a. c. ,  on ly making  and  breaking  of curren t 
i s  fe l t  and  no  other sensation  i s  noticed  during  the  curren t flow at the  l evel  of the  threshold  of 
perception .  Under cond i tions  comparable  to  those  appl ied  i n  stud ies  wi th  a . c. ,  the  threshold  of 
reaction  was  found  to  be  abou t 2  mA.  
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6.2  Threshold  of immobi l ization  and  threshold  of l et-go 

Un l ike  a . c.  there  i s  no  definable  th reshold  of immobi l i zation  or l et-go  for d . c.  On ly making  and  
breaking  of cu rren t l ead  to  pain fu l  and  cramp-l ike  contractions  of the  muscles.  

6.3  Threshold  of ventricu lar fibri l lation  

As described  for a . c.  (see  5.5),  the  threshold  of ven tricu lar fibri l lation  induced  by d . c.  depends  
on  physiolog ical  as  wel l  as  on  e lectrical  parameters.  

I n formation  derived  from  e lectrical  acciden ts  seems  to  i nd icate  that the  danger of ven tricu lar 
fi bri l l ation  general ly exists  for l ong i tud inal  cu rren ts.  For transverse  curren ts,  experiments  on  
an imals  have,  however,  shown  that at h i gher curren t i n tensi ti es  ven tricu lar fibri l l ation  may 
a lso  occur.  

Experiments  on  an imals  as  wel l  as  i n formation  derived  from  e lectrical  accidents  show that the  
threshold  of fi bri l l ation  for a  downward  curren t i s  abou t twice  as  h igh  as  for an  upward  curren t.  

For shock durations  l onger than  the  card iac cycle,  the  th reshold  of fibri l l ation  for d . c.  i s  
several  times  h igher than  for a . c.  For shock durations  shorter than  200  ms,  the  threshold  of 
fi bri l l ation  i s  approximately the  same  as  for a . c.  measured  in  r.m .s.  va lues.  

Curves  derived  from  an imal  experiments  have  been  constructed  that apply to  l ong i tud inal ,  
upward  (feet posi ti ve)  curren t.  Curves  c2  and  c3  i n  F igure  22  show the  calcu lated  
combinations  of curren t magn i tude  and  du ration  at  wh ich  the  probabi l i ties  of ven tricu lar 
fibri l l ation  of the  an imals  are  about 5  %  and  50  %  respectively when  the  curren t path  i s  
l ong i tud inal  through  the  body ( i . e .  l eft  foreleg  to  both  h ind  l egs).  Curve  c1  shows  curren t and  
duration  combinations  below wh ich  the  l i kel ihood  of ventricu lar fi bri l lation  i s  estimated  to  be  
very l ow for the  same long i tud inal  pathway of cu rren t th rough  the  body based  on  the  an imal  
stud ies.  Later stud ies  show that the  ven tricu lar fibri l l ation  threshold  for humans  i s  h igher than  
the  cu rren t magn i tude  as  compared  to  the  an imals  for each  du ration .  For example,  the  l eft 
hand  to  feet th reshold  curren t for a  heal thy human  m igh t be  i n  the  order of 200  mA for l ong  
durations  of current.  However,  not a l l  human  hearts  are  heal thy,  and  some  malad ies  can  
affect the  ven tricu lar fibri l l ation  threshold .  Some  people  wi th  unheal thy heart cond i tions  have  
ven tricu lar fi bri l l ation  thresholds  below normal ,  bu t the  amount of the  reduction  i s  not 
precisely known .  Therefore,  i t  i s  recommended  that the  c1  l i ne  shown  i n  the  fi gure  that i s  
based  on  an imal  stud ies,  be  used  to  describe  the  ven tricu lar fi bri l l ation  th reshold  for humans  
as  a  conservative  estimate.  There  are  no  known  e lectrical  accidents  that show an  
e lectrocu tion  below the  c1  cu rve.  Th is  i nd icates  that the  c1  cu rve  i s  probably conservative  for 
a l l  humans.  For l ong i tud inal  downward  current ( feet negative),  the  curves  have  to  be  sh i fted  
to  a  h igher cu rren t magn i tude  by a  factor of approximately 2 .  

6.4 Other effects  of current 

Above  approximately 1 00  mA,  a  sensation  of warmth  may be  fel t  i n  the  extremi ties  during  
cu rren t-flow.  Wi th in  the  contact area,  pain fu l  sensations  are  fel t.  

Transverse  cu rren ts  up  to  300  mA flowing  through  the  human  body for several  m inu tes  m igh t,  
i ncreasing  wi th  time  and  current,  cause  reversible  card iac dysrhythmias,  curren t marks,  
burns,  d izziness  and  sometimes  unconsciousness.  Above  300  mA,  unconsciousness  
frequently occurs.  

Wi th  curren ts  of several  amperes  l asting  longer than  seconds,  deep-seated  burns  or other 
i n juries,  and  even  death ,  are  l i kely to  occur.  

Effects  such  as  e lectroporation  (see  5. 6)  can  resu l t  from  con tact wi th  d . c.  ci rcu i ts  as  wel l  as  
a . c.  ci rcu i ts.  

Related  non-electrical  i n ju ries,  such  as  traumatic i n jury,  shou ld  be  considered .   
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6.5 Description  of time/current zones  (see  Figure  22)  

Table  1 3  – Time/current zones  for d .c.  for hand  to  feet pathway – 
Summary of zones  of Figure  22  

Zones  Boundaries   Physiolog ical  effects  

DC-1  Up  to  2  mA 
cu rve  a  

S l i gh t pri cki ng  sensation  possib l e  when  maki ng ,  breaki ng  or rap i d l y a l teri ng  
cu rren t fl ow 

DC-2  2  mA up  to  
cu rve  b  

I nvol un tary muscu l ar con tracti ons  l i ke l y especia l l y when  making ,  breaki ng  or 
rap i d l y a l teri ng  cu rren t fl ow bu t u sual l y no  harmfu l  e l ectri cal  physi o log ical  
effects  

DC-3  Cu rve  b  and  
above  

S trong  i nvol un tary muscu l ar reacti ons  and  reversi b l e  d i stu rbances  of 
formati on  and  conduction  of impu l ses  i n  the  heart  may occur,  i ncreasi ng  wi th  
cu rren t magn i tude  and  time.  U sual l y no  organ ic  damage  to  be  expected  

DC-4  1 )  Above  cu rve  c
1
 Patho-phys iol og ica l  e ffects  may occu r such  as  card i ac arrest,  breath i ng  

arrest,  and  bu rns  or o ther cel l u l ar damage.  Probabi l i ty of ven tri cu l ar 
fi bri l l ati on  i ncreasi ng  wi th  cu rren t  magn i tude  and  time  

 c
1
-c

2
 DC-4 . 1  Probabi l i ty of ven tri cu lar fi bri l l a ti on  i ncreas ing  up  to  abou t  5  %  

 c
2
-c

3
 DC-4 . 2  Probabi l i ty of ven tri cu lar fi bri l l a ti on  up  to  abou t 50  %  

 Beyond  cu rve  c
3
 DC-4 . 3  Probabi l i ty of ven tri cu lar fi bri l l a ti on  above  50  %  

1 )  For du rati ons  of cu rren t  fl ow be low 200  ms,  ven tri cu l ar fi bri l l a ti on  i s  on l y  i n i ti ated  wi th in  the  vu l nerable  peri od  i f 
the  re l evant  th reshol ds  are  su rpassed .  As  regards  ven tri cu lar fi bri l l a ti on  th i s  fi g u re  re l ates  to  the  effects  of cu rren t  
wh i ch  fl ows  i n  the  path  l eft  hand  to  feet  and  for u pward  cu rren t.  For o ther cu rren t  paths  the  heart  cu rren t  factor has  
to  be  consi dered .  

 

6.6  Heart factor 

The  heart factor F appl ies  to  d . c.  the  same  as  for a . c.  (see  5. 8) .  

 

Zs1  

Zi  

Zs2  

ZT  

IEC   980/05 

 

Key 

Zi  i n ternal  impedance   

Zs1 ,  Zs2  impedance  of the  ski n  

ZT tota l  impedance  

Figure  1  – Impedances  of the  human  body  
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The  numbers  i nd i cate  the  percen tage  of the  i n terna l  impedance  of the  h uman  body for the  part  of the  body 
concerned ,  i n  re l a ti on  to  the  path  hand  to  foot.  

NOTE   I n  order to  ca l cu l ate  the  tota l  body impedance  ZT  for a  g i ven  cu rren t  path ,  the  i n ternal  parti a l  impedances  
Zi p  for a l l  parts  of the  body of the  cu rren t  path  have  to  be  added  as  wel l  as  the  impedances  of the  ski n  of the  
su rface  areas  of con tact.  The  numbers  ou ts i de  the  body show i n ternal  porti ons  of the  impedance  to  be  added  to  the  
tota l ,  when  the  cu rren t en ters  at  that  po i n t.  

 

Figure  2  – In ternal  partial  impedances  Zi p  of the  human  body  
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Key 

Zi p  i n terna l  parti a l  impedance  of one  extremi ty (arm  or l eg )  

NOTE  The  i n ternal  impedance  from  one  hand  to  both  feet  i s  approximatel y 75  % ,  the  impedance  from  both  hands  
to  both  feet  50  %  and  the  impedance  from  both  hands  to  the  trunk of the  body 25  %  of the  impedance  hand  to  hand  
or hand  to  foot.  

Figure  3  – Simpl i fied  schematic  d iagram  for the  in ternal  impedances  of the  human  body 
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Key 

1  d ry cond i ti ons  (Tabl e  1 )  

2  water-wet  cond i ti ons  (Table  2 )  

3  sa l twater-wet cond i ti ons  (Tabl e  3)  

Figure  4  – Total  body impedances  ZT  (50  %)  for a  current path  hand  to  hand,  for large  
surface  areas  of contact in  dry,  water-wet and  sal twater-wet condi tions  for a  percenti le  

rank of 50  % of the  population  for touch  vol tages  UT  =  25  V to  700  V,  a.c.  50/60  Hz 
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Key 

(For fu rther d eta i l s ,  see  Annex D)  

1  Su rface  area  of con tact   8200  mm 2  

2  Su rface  area  of con tact   1 250  mm 2  

3  Su rface  area  of con tact   1 00  mm2  

4  Su rface  area  of con tact    1 0  mm2  

5  Su rface  area  of con tact     1  mm2  

(Breakdown  of the  ski n  at  220  V)  

Figure  5  – Dependence of the  total  impedance  ZT  of one  l iving  person  on  the  surface 
area  of contact in  dry condi tion  and  at  touch  vol tage  (50  Hz)  
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Key 

1  l arge  su rface  areas  of con tact  (approximate l y 8  000  mm 2 ) ,  cu rren t  path  hand  to  hand  

2  su rface  areas  of fi ngerti ps  (approx.  250  mm2 ) ,  cu rren t  path  from  the  ti ps  of the  ri gh t  to  l eft  forefi nger 

Figure  6  – Dependence  of the  total  body impedance  ZT  on  the  touch  vol tage  UT   
for a  current path  from  the  tips  of the  right to  the  left  forefinger compared   

with  large surface areas  of contact from  the  right to  the  left  hand  in  dry condi tions  
measured  on  one  l iving  person,  touch  vol tage range  UT  =  25  V to  200  V,  a.c.   

50  Hz,  duration  of current flow max.  25  ms  
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Key 

1  l arge  su rface  areas  of con tact,  e l ectrodes  type  A (order of magn i tude  1 0  000  mm 2 ) ,  accord i ng  to  Table  1  

2  m i dd l e  s i zed  su rface  areas  of con tact,  e l ectrodes  type  B  (order of magn i tude  1 000  mm 2 ) ,  accord i ng  to  Tabl e  5  

3  smal l  su rface  areas  of con tact,  e l ectrodes  type  C  (order of magn i tude  1 00  mm2 ) ,  accord i ng  to  Tabl e  8  

Figure  7  – Dependence  of the  total  body impedance  ZT  for the  50
th  percenti le  rank  

of a  popu lation  of l iving  human  beings  for large,  medium and  smal l  surface  areas   
of contact (order of magni tude  1 0  000  mm2 ,  1  000  mm2  and  1 00  mm2  respectively)   
i n  dry condi tions  at  touch  vol tages  UT  =  25  V to  200  V a.c.  50/60  Hz 
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Key 

1  l arge  su rface  areas  of con tact,  e l ectrodes  type  A (order of magn i tude  1 0  000  mm 2 ) ,  accord i ng  to  Table  2  

2  m i dd l e  s i zed  su rface  areas  of con tact,  e l ectrodes  type  B  (order of magn i tude  1  000  mm2 ) ,  accord i ng  to  Tab le  6  

3  smal l  su rface  areas  of con tact,  e l ectrodes  type  C  (order of magn i tude  1 00  mm2 ) ,  accord i ng  to  Tabl e  9  

 

F igure  8  – Dependence  of the  total  body impedance ZT  for the  50
th  percenti le  rank  

of a  population  of l iving  human  beings  for l arge,  medium  and  smal l  surface  areas   
of contact (order of magnitude  1 0  000  mm2  1  000  mm2  and  1 00  mm2  respectively)   

i n  water-wet condi tions  at  touch  vol tages  UT  =  25  V to  200  V,  a.c.  50/60  Hz 
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Key 

1  l arge  su rface  areas  of con tact,  e l ectrodes  type  A (order of magn i tude  1 0  000  mm 2 ) ,  accord i ng  to  Table  3  

2  m i dd l e  s i zed  su rface  areas  of con tact,  e l ectrodes  type  B  (order of magn i tude  1  000  mm2 ) ,  accord i ng  to  Tab le  7  

3  smal l  su rface  areas  of con tact,  e l ectrodes  type  C  (order of magn i tude  1 00  mm2 ) ,  accord i ng  to  Tabl e  1 0  

 

F igure  9  – Dependence  of the  total  body impedance  ZT  for the  50
th  percenti le  rank  

of a  population  of l iving  human  beings  for l arge,  medium  and  smal l  surface  areas   
of contact (order of magni tude  1 0  000  mm2 ,  1  000  mm2  and  1 00  mm2  respectively)   
i n  sal twater-wet conditions  at  touch  vol tages  UT  =  25  V to  200  V,  a.c.  50/60  Hz 
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Figure  1 0  – Values  for the  total  body impedance  ZT  measured  on  1 0  l iving  human  beings  
with  a  current path  hand  to  hand  and  large  surface areas  of contact in  dry conditions   

at  a  touch  vol tage  of 1 0  V and  frequencies  from  25 Hz to  20  kHz 
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Figure  1 1  – Values  for the  total  body impedance  ZT  measured  on  one  l iving  human  
being  with  a  current path  hand  to  hand  and  large  surface areas  of contact  

i n  dry condi tions  at  a  touch  vol tage  of 25  V and  frequencies  from  25  Hz to  2  kHz 
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F igure  1 2  – Frequency dependence  of the  total  body impedance  ZT  of a  population   
for a  percenti le  rank of 50  % for touch  vol tages  from  1 0  V to  1  000  V and  a  frequency 

range  from  50  Hz to  1 50  kHz for a  current path  hand  to  hand  or hand  to  foot,   
l arge  surface  areas  of contact in  dry conditions  
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Key 

1  body res i stance  RT  for d . c.  

2  body impedance  ZT  for a . c.  50  Hz  

Figure  1 3  – Statistical  value  of total  body impedances  ZT  and  body resistances  RT   
for a  percenti le  rank of 50  % of a  popu lation  of l iving  human  beings  for the  current path  

hand  to  hand,  large  surface  areas  of contact,  dry condi tions,  for touch  vol tages   
up  to  700  V,  for a.c.  50/60  Hz and  d .c.  
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Key 

Zone  3  =  carbon i zati on  of ski n  

Zone  2  =  cu rren t  marks  

Zone  1  =  redden ing  of ski n  

Zone  0  =  no  effects  

Figure  1 4  – Dependence  of the  al teration  of human  skin  condi tion  on  current density  iT  
and  duration  of current flow (for detai led  description  of zones,  see  5.7)  
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Electrodes type Shape  of contact  area  

Contact  area  s i ze  
area  effective  (mm 2 )  

Order of magn i tude  (mm 2 )  

Drawings  

mm  

A Brass  cyl i nder 

Large  

8  200  

1 0  000  

 

1 00 

8
0
 

1 0 

 

B  
Form  of a  ri ng  by appropri a te  
coveri ng  wi th  i n su lati ng  tape  

Med ium  

1  250  

1  000  

C  
Square  formed  by appropri ate  
coveri ng  wi th  i n su lated  tape  

Smal l  

1 00  

1 00  

D  
Cyl i n der of i n su l ati ng  materia l  

wi th  ci rcu lar e l ectrode  
1 0  

E  
Cyl i nder of i n su l ati ng  materia l  
wi th  ci rcu lar e l ectrodes  1 ) ,  2 )  

1  

1 )  For th i s  type,  fou r fu rther ci rcu l ar e l ectrodes  of 1  mm 2  a rea  were  used  s i tuated  crosswise  at  a  d i s tance  of 
30  mm  from  the  e l ectrode  at  the  cen tre  of the  su rface  of the  cyl i nder i n  order to  measure  the  devi ati ons  for 
these  poi n ts  i ns i de  the  palm  of the  hand .  

2 )  The  resu l ts  of the  measuremen ts  wi th  th i s  type  of e l ectrodes  showed  l i tt l e  reproducib i l i ty.  

 

F igure  1 5  – E lectrodes  used  for the  measurement of the  dependence   
of the  impedance of the  human  body ZT  on  the  surface  area  of contact 
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UT =  200  V a . c.  ( r.m . s.  va l ue),  d u rati on  of cu rren t  fl ow 6 , 5  ms,  IT (r.m . s . )  =  1 29  mA,  peak val ue  of touch  cu rren t 

ITP  =  420  mA,  tota l  body impedance  ZT =  1  550  Ω ,  i n i ti a l  body res i stance  R0  =  666  Ω ,  s trong  and  pa in fu l  sensati on  
and  i nvol un tary muscu l ar reacti on  i n  arms,  shou l ders  and  l egs .  Though  the  cu rren t  path  was  hand  to  hand ,  the  
body was  l i fted  up,  wh ich  means  that  the  muscles  of the  l egs  have  been  acti vated .  

B 

 
1  ms 

UT  =  200 V r.m.s.  

UT   

IT   

IT  =  1 24 mA r.m.s.  

5°  
IEC   996/05 

 
UT =  200  V a . c.  ( r.m . s .  va l ue) ,  d u rati on  of cu rren t  fl ow 1 6 , 5  ms,  IT (r.m . s. )  =  1 24  mA,  no  sp ike  i n  the  cu rren t 

osci l l og ram,  tota l  body impedance  ZT =  1  61 3  Ω ,  phys i ol og ica l  effects  as  men tioned  u nder a) .  

Key 

A  con tact made  at  the  peak of touch  vol tage  

B  con tact made  at  zero  crossi ng  of touch  vol tage  

Figure  1 6  – Osci l lograms  of touch  vol tages  UT  and  touch  currents  IT  for a.c. ,   
current path  hand  to  hand,  large  surface  areas  of contact in  dry condi tions   

taken  from  measurements  

Copyright International  Electrotechnical  Commission  



I EC  TS  60479-1 : 2005+AMD1 :201 6  CSV – 41  – 

  I EC  201 6  

 

 

 
NOTE  The  numbers  d es i gnate  the  subsequen t  stages  of propagati on  of the  exci tati on .  

Figure  1 7  – Occurrence of the  vu lnerable  period  of ventricles  during  the  card iac cycle  

 

 

P 

Q S 

R 

T 
P 

Q 
S 

1 20 

80 

40 

0 

400 ms 

m
m
H
g
 

ECG 

Blood-pressure 

Ventricular fibril lation  

IEC   998/05 
 

 

Figure  1 8  – Triggering  of ventricu lar fibri l lation  in  the  vu lnerable  period  – Effects  on  
electro-card iogram  (ECG)  and  blood  pressure 
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Key 

1  fi bri l l a ti on  data  for persons  cal cu l ated  from  stati sti cs  of  acci den ts  (UT  =  220  V,  1 , 6  % ,  UT  =  380  V,  58  %)  

2  fi bri l l ati on  data  for dogs,  d u rati on  of cu rren t  fl ow 5  s  

3  fi bri l l ati on  data  for p i gs,  d u rati on  of cu rren t  fl ow  t  >  1 , 5  ∗  h eart-period  

4  fi bri l l ati on  d ata  for sheep,  d u rati on  of cu rren t  fl ow 3  s  

ca l cu l ated  val ues  based  on  stati s ti cs  of acciden ts  (UT  =  220  V,  1 . 6  %  and  UT  =  380  V,  58  % ,  IT  =  1 1 0  mA 

and  220  mA respecti ve l y)  (1 )  

s tati sti ca l  va l ues  of measuremen ts  wi th  p i gs  ( I  (5  %)  =  1 20  mA,  I  (50  %)  =  1 80  mA)  

(1 )  va l ues  corrected  wi th  the  heart-cu rren t factor F =  0 , 4  

 

Figure  1 9  – Fibri l lation  data  for dogs,  pigs  and  sheep from  experiments  and  for persons  
calcu lated  from  statistics  of electrical  accidents  with  transversal  d i rection  of current 
flow hand  to  hand  and  touch  vol tages  UT  =  220  V and  380  V a.c.  wi th  body impedances  

ZT  (5  %)  
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Figure  20  – Conventional  time/current zones  of effects  of a.c.  currents  (1 5  Hz to  1 00  Hz)  
on  persons  for a  current path  corresponding  to  l eft  hand  to  feet   

(for explanation  see  Table  1 1 )  
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UT =  200  V d . c. ,  d u rati on  of cu rren t fl ow 20  ms,  touch  cu rren t  IT =  1 1 9  mA,  peak val ue  of touch  cu rren t  ITP  =  

301  mA,  tota l  body res i stance  RT =  1  681  Ω ,  i n i ti a l  body res i stance  R0  =  664  Ω ,  s trong ,  bu rn i ng  sensati on  and  
i nvol un tary j erk-l i ke  muscu l ar reacti on  i n  arms  and  shou l ders .  

Figure  21  – Osci l logram  of touch  vol tages  UT  and  touch  current IT  for d .c. ,  current path  
hand  to  hand,  large  surface  areas  of contact in  dry conditions  
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Figure  22  – Conventional  time/current zones  of effects  of d .c.  currents  on  persons   
for a  long itudinal  upward  current path  (for explanation  see  Table  1 3)  
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Figure  23  – Let-go  currents  for 60  Hz s inusoidal  current 

6.7  Effects  of anodic  versus  cathodic  d .c.  currents  

An  electrode  i s  an  i n terface  to  another med ium  where  charged  particles  are  i n terchanged .  

NOTE  Charged  parti cl es  are  to  be  d i fferen tia ted ,  and  an  an i on  i s  a  negati ve l y charged  parti cl e  and  a  cati on  i s  a  
posi ti ve l y charged  parti cl e .  
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An  anode  i s  an  electrode  wh ich  i s  at  posi ti ve  potentia l  wi th  respect to  a  l ower poten tia l  
reference,  such  as  the  posi tive  terminal  of a  source.  Anod ic cu rren t i s  curren t that fl ows  away 
from  an  anode.  

A cathode  i s  an  electrode  wh ich  i s  at negative  poten tia l  wi th  respect to  a  h i gher potentia l  
reference,  such  as  the  negative  terminal  of a  source.  Cathod ic cu rren t i s  curren t that fl ows  to  
a  cathode.  

To  understand  that cu rrent fl ow d i rection  p lays  a  role  wi th  d . c.  pu lses,  fi rst a  s imple  
explanatory model  (F igure  24)  i s  i n troduced .  

The  current i n  th is  con text i s  conventional  current as  opposed  to  e lectron  flow.  Curren t i s  
appl ied  on  a  body part wi th  an  exci table  structure  (e. g .  a  nerve)  i ns ide  via  one  smal l  
e lectrode  1  (cal led  d i fferent e lectrode)  and  a  l arge  area  e lectrode  2  (cal l ed  i nd i fferen t 
e lectrode).  

Curren t d istribu tion  i s  asymmetric wi th  a  l arge  curren t densi ty i n  area  A and  a  l ow curren t 
densi ty i n  area  B.  See  F igure  24.  

 

Figure  24 – Effects  of anodic versus  cathodic  d .c.  currents  

Now various  d . c.  pu lses  show d i fferent behaviour:  Responses  of the  exci table  structure  arises  
in  the  fol l owing  order wi th  respect to  i ncreasing  exci tation  cu rrent depend ing  on  polari ty and  
on  e i ther closing  or open ing  the  curren t fl ow of the  ci rcu i t:  

•  cathodal  make  reaction  (CMR);  

•  anodal  make  reaction  (AMR);  

•  anodal  break reaction  (ABR);  

•  cathodal  break reaction  (CBR).  

Th is  i s  ca l led  the  “Law of polar exci tation” .  

IEC 

Excitable 
structure 

(e.g.  nerve)  

Area B  Area A  

Body part  

Electrode 1  Electrode 2  
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Th is  behaviour can  be  expla ined  as  fol lows.  

The  ou tside  of the  membrane  of the  exci table  structure  becomes  more  negative  in  area  A 
when  e lectrode  1  i s  the  cathode.  Th is  resu l ts  i n  that the  membrane  i s  depolarized  because  
the  in ternal  poten tia l  of the  cel l  i s  a l so  negative:  The  cel l  fi res,  i s  exci ted  from  area  A at 
closing  of the  curren t ci rcu i t,  a  CMR resu l ts.  

I f the  polari ty i s  reversed  (electrode  1  i s  now anode)  then  th is  same  response  i s  again  aris ing  
from  the  cathode,  bu t i n  th is  case  i t  has  i ts  orig in  from  area  B  wi th  a  l ower curren t densi ty,  i t  
i s  then  cal led  an  AMR because  the  reference  i s  a lways  the  smal l  d i fferen t e lectrode.  The  
threshold  i s  h igher than  for a  CMR.  Th is  sequence  can  be  reversed  (so  cal led  anodal  d ip)  for 
short pu lses  of about 1 80  ms  due  to  a  transien t Ca2+  i on  curren t.  

I f the  current i s  fl owing  after the  closure  and  then  opened ,  an  open ing  response  can  occur.  

The  lower threshold  for that ki nd  of response  occurs  again  from  area  A i n  the  anodal  case,  the  
reason  for the  open ing  reaction  i s  that the  channels  responsible  are  depolarized  again  
because  they were  "clamped"  before,  during  the  persisted  cu rren t flow,  resu l ting  i n  an  ABR.  

The  CBR wi th  the  h ighest threshold  of a l l  has  then  i ts  orig in  from  area  B.  

I n  princip le  th is  behaviour of exci table  cel l s  to  d . c.  pu lses  a lways  occurs  i f the  curren t 
d istribu tion  i s  asymmetric and  the  effect i s  more  or l ess  prominen t depend ing  on  the  
d i fference  i n  s ize  and  curren t flow between  the  d i fferen t and  i nd i fferen t e lectrode.  At l east for 
pu lses  del ivered  wi th in  1  cm  of the  card iac surface,  cathodal  d . c.  pu lse  trains  are  s l i gh tly 
safer as  they requ i re  25  %  more  curren t to  i nduce ventricu lar fibri l lation  than  anodal  pu lse  
tra ins  [32] .  

Al so,  i n  princip le,  th is  behaviour i s  present for d i fferent types  of cel l s ,  not on ly for nerve  cel l s  
bu t equal ly for heart cel l s .  The  effect of the  polari ty i s  val i d  as  wel l  as  for perception  and  for 
fi bri l l ation  (see  F igure  25).  

 

Figure  25  – Pu lsed  d .c.  stimu lation  of s ing le  heart  cel ls  
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The  two  types  of pu lsed  d . c.  stimu lation  appear due  to  changes  i n  membrane  potentia l  during  
cathod ic make  and  during  cathod ic break.  Action  poten tia ls  are  e l i ci ted  when  the  membrane  
poten tia l  atta ins  the  threshold .  
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Annexes  

I NTRODUCTION  

Clause  2  of I EC  60479-1  ( th i rd  ed i ti on  1 994)  on  the  impedance  of the  human  body con tained  
l i ttle  i n formation  on  the  dependence  of the  impedance  on  the  su rface  area  of contact and  then  
on ly for d ry cond i tions.  

Therefore  measurements  were  carried  ou t on  1 0  l i vi ng  persons  using  med ium  and  smal l  sur-
face  areas  of con tact i n  d ry,  water-wet and  sal twater-wet cond i tions,  cu rren t path  hand  to  
hand ,  at a  touch  vol tage  of 25  V a . c.  50  Hz.  The  impedance  values  for a  percenti le  rank of 
5  %,  50  %  and  95  %  have  been  calcu lated  from  these  measurements.  

Due  to  unpleasant sensations  and  the  possib i l i ty of i nherent danger,  measurements  using  
l arge  su rface  areas  of con tact (order of magn i tude  1 0  000  mm2)  i n  d ry,  water-wet and  
sal twater-wet cond i tions  and  wi th  med ium  and  smal l  su rface  areas  of con tact (order of 
magn i tude  1  000  mm2  and  1 00  mm2)  i n  d ry cond i tion  at  touch  vol tages  from  25  V up  to  and  
i nclud ing  200  V a . c.  have  on ly been  carried  ou t on  one  adu l t.  By the  use  of deviation  factors  i t  
was  nevertheless  possible  to  derive  values  of the  tota l  body impedance  ZT  for a  percenti l e  
rank of 5  %,  50  %  and  95  %  of a  popu lation  of l i ving  human  beings.  Wi th  the  same  one  adu l t,  
measurements  were  a lso  made  wi th  sti l l  smal ler surface  areas  of con tact (1 0  mm2  and  
1  mm2)  and  between  fi ngertips.  

For the  calcu lation  of total  body impedances  ZT  for a  percenti l e  rank of 5  %,  50  %  and  95  %  of 
a  popu lation  of l i vi ng  human  beings  for l arge  surface  areas  of con tact for touch  vol tages  
above  200  V up  to  700  V and  h igher up  to  the  asymptotic values  the  adaptation  method  used  
for the  second  ed i tion  of I EC  60479-1  was  improved  by taking  account of the  d i fferen t 
temperatures  of the  corpses  during  measurements  and  the  temperature  of 37°C  for l i ving  
human  beings.  

Furthermore  i n  Clause  3  a  heart cu rren t factor F for the  cu rren t path  foot to  foot has  been  
i n troduced .  Th is  i s  importan t for e lectrical  ri sks  caused  by step  vol tages.  
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Annex A  
(normative)  

 
Measurements  of the total  body impedances  ZT  made on  l iving  human  

beings  and  on  corpses  and  the statistical  analysis  of the resul ts  
 
 

I n  order to  obtain  real i stic values  for total  body impedances  ZT  of l i ving  human  beings,  the  
fol lowing  procedure  was  appl ied :  

1 )  The  measurements  made  on  l i ving  human  beings  used  a  cu rren t path  hand  to  hand  wi th  
e lectrodes  shown  i n  F igure  1 5.  

2 )  Measurement of the  total  body impedance  have  been  made  on  1 00  l i ving  persons  at  25  V 
a . c.  50  Hz wi th  l arge  surface  areas  of con tact (e lectrodes  type  A i n  F igure  1 5)  i n  d ry 
cond i tion .  The  measurements  were  made  0 , 1  s  after applying  the  vol tage.  The  values  for 
total  body impedances  for a  percenti l e  rank of 5  %,  50  %  and  95  %  were  determined  wi th  
the  fol lowing  resu l ts.  

Table  A.1  – Total  body impedances  ZT,  e lectrodes  type  A for dry condi tion   
and  deviation  factors  FD  (5  % and  95  %)  

Cond i tion  Total  body impedances  ZT  (Ω )  /  deviation  factors  FD  

 5  %  50  %  95  %  

Dry 1  750  /  0 , 54  3  250  6  1 00  /  1 , 88  

 
3 )  Measurement of the  tota l  body impedance  have  been  made  on  1 0  l i ving  persons  wi th  

med ium  and  smal l  surface  areas  of con tact (e lectrodes  type  B  and  C  i n  F igure  1 5)  i n  d ry,  
water-wet and  sal twater-wet cond i tions,  duration  of curren t fl ow max.  25  ms.  The  resu l ts  
are  shown  i n  Tables  A. 2  and  A.3.  

a)  E lectrodes  type  B  (order of magn i tude  1  000  mm2)  

Table  A.2  – Total  body impedances  ZT,  e lectrodes  type  B  for dry,  water-wet and  
sal twater-wet conditions  and  deviation  factors  FD  (5  % and  95  %)  

Cond i tion  Total  body impedances  ZT  (Ω )  /  deviation  factors  FD  

 5  %  50  %  95  %  

Dry  1 2  900  /  0 , 63   20  600   32  800  /  1 , 59  

Water-wet  5  500  /  0 , 59   9  350   1 5  900  /  1 , 70  

Sa l twater-wet  1  850  /  0 , 76   2  425   3  1 75  /  1 , 31  

 
b)  E lectrodes  type  C  (order of magn i tude  1 00  mm2)  

Table  A.3  – Total  body impedances  ZT  for dry,  water-wet and  sal twater-wet conditions  
and  deviation  factors  FD  (5  % and  95  %)  

Cond i tion  Total  body impedances  ZT  (Ω )  /  deviation  factors  FD  

 5  %  50  %  95  %  

Dry  80  400  /  0 , 48   1 69  000   355  500  /  2 , 1 0  

Water-wet  39  700  /  0 , 54   73  400   1 35  600  /  1 , 85  

Sa l twater-wet  5  400  /  0 , 74   7  300   9  875  /  1 , 35  
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I n  a  fi rst approximation  for the  calcu lation  of ZT  (5  %  and  95  %)  from  the  values  of ZT  (50  %)  
for d ry and  water-wet cond i tions  at  UT  =  25  V,  the  deviation  factors   

FD  (5  %)  =  0 , 54  and  FD  (95  %)  =  1 , 88  

and  for sal twater-wet cond i tion  

FD  (5  %)  =  0 , 74  and  FD  (95  %)  =  1 , 35  

were  chosen .  They are  assumed  to  be  i ndependent of the  surface  area  of contact.  

4)  The  tota l  body impedance  ZT  of one  l i ving  person  was  measured  under the  cond i tions  of 
i tem  1 ,  2  and  3  above  wi th  touch  vol tages  up  to  1 50  V and ,  i n  add i tion ,  wi th  shock 
durations  up  to  0 , 03  s  for touch  vol tages  up  to  200  V.  

 The  fol lowing  cond i tions  for the  cu rrent path  and  durations  of cu rren t flow have  been  used :  

Test series  A:  Effective  contact area  8  250  mm2 ,  e lectrodes  grasped  wi th  both  hands,  
duration  of cu rren t fl ow 0, 1  s  (F igure  1 5,  e lectrodes  type  A).  

Test series  B :  Effective  con tact area  1  250  mm2 ,  e lectrodes  grasped  wi th  both  hands,  
duration  of cu rren t fl ow several  seconds  up  to  75  V,  0 , 1  s  above  75  V 
(Figure  1 5,  e lectrodes  type  B) .  

Test series  C:  Effective  contact area  1 00  mm2 ,  e lectrodes  pressed  against the  midd le  of 
the  palms,  duration  of cu rren t flow several  seconds  up  to  75  V,  0 , 1  s  
above  75  V (F igure  1 5,  e lectrodes  type  C).  

Test series  D :  Effective  con tact area  1 0  mm2 ,  e lectrodes  pressed  against the  m idd le  of 
the  palms,  duration  of curren t fl ow several  seconds  up  to  1 00  V,  0 , 1  s  up  
to  0 , 3  s  above  1 00  V (Figure  1 5,  e lectrodes  type  D).  

Test series  E :  Effective  con tact area  1  mm2 ,  e l ectrodes  pressed  against the  m idd le  of 
the  palms,  du ration  of curren t flow several  seconds  up  to  1 50  V,  0 , 1  s  up  
to  0 , 2  s  above  1 50  V (at  220  V breakdown  of the  skin  was  observed)  
(F igure  1 5,  e lectrodes  type  E) .  

5)  The  tota l  body impedance  was  measured  for a  touch  vol tage  range  of 25  V to  200  V,  a . c.  
50  Hz between  the  tips  of the  righ t and  l eft  forefingers  (surface  area  of con tact 
approximately 250  mm2).  The  measurements  were  made  20  ms  after applying  the  vol tage.  
The  vol tage  was  appl ied  at  zero  crossing  of the  touch  vol tage.  

 The  resu l ts  are  shown  i n  F igure  6 .  

6)  Measurements  were  made  by Freiberger [1 ] 1  on  a  l arge  number of corpses  for curren t 
paths  hand  to  hand  and  hand  to  foot wi th  l arge  e lectrodes  (approximately 9  000  mm2)   for 
touch  vol tages  of 25  V to  5  000  V i n  d ry cond i tion .  The  values  for the  tota l  body 
impedances  for a  percenti l e  rank of 5  %,  50  %  and  95  %  were  determined .  

 The  measurements  were  made  3  s  after applying  the  vol tage.  

7)  The  tota l  body impedances  for l arge  surface  areas  of con tact measured  wi th  corpses  
( i tem  6)  above)  wh ich  for touch  vol tages  up  to  220  V showed  excessively h igh  skin  
impedances  were  mod i fied  by ad justing  the  cu rves  to  the  values  measured  on  l i ving  
persons.  

 For th is  ad justment,  the  change  of body impedances  caused  by the  change  of temperature  
of corpses  to  37  °C  of l i vi ng  persons  was  taken  i n to  account by a  temperature  reduction  
factor FT  =  0 , 7 .  

8)  For med ium  and  smal l  su rface  areas  of con tact the  tota l  body impedances  ZT  (50  %)  for 
50  %  percenti le  rank of a  popu lation  of l i ving  human  beings  cou ld  be  establ i shed  wi th  the  
values  found  by the  measurements  described  under i tems  1 )  to  4)  for d ry,  water-wet and  
sal twater-wet cond i tions  for touch  vol tages  UT  =  25  V to  200  V.  

——————— 

1   F i gu res  i n  square  brackets  refer to  the  b i b l i og raphy.  

Copyright International  Electrotechnical  Commission  



I EC  TS  60479-1 : 2005+AMD1 :201 6  CSV – 51  – 

  I EC  201 6  

9)  For large,  med ium  and  smal l  su rface  areas  of con tact i n  d ry,  water-wet and  sal twater-wet 
cond i tions  al l  va lues  for 5  %  and  95  %  percenti l e  rank of a  popu lation  of l i ving  human  
beings  cou ld  be  calcu lated  by applying  the  deviation  factors  FD  (5  %)  and  FD  (95  %)  to  the  
values  of ZT  (50  %).  

These  deviation  factors  were  calcu lated  for touch  vol tages  up  to  400  V from  the  values  
FD  (5  %)  =  0 , 54  and  FD  (95  %)  =  1 , 88  at UT  =  25  V for d ry and  water-wet cond i tions  chang ing  
wi th  the  impedance  of the  skin  up  to  400  V to  the  values  for sal twater-wet cond i tion  FD  (5  %)  
=  0 , 74  and  FD  (95  %)  =  1 , 35  due  to  the  fact that for sa l twater-wet cond i tion  the  impedance  of 
the  skin  i s  assumed  as  neg l ig ib le.  These  values  of FD  are  shown  i n  Table  A. 4 .  

Table  A.4  – Deviation  factors  FD  (5  %)  and  FD  (95  %)  for dry and  water-wet condi tions  
in  the  touch  vol tage  range UT  =  25  V up  to  400  V for large,  medium  and  smal l   

surface  areas  of contact 

UT   

V  
25  50  75  1 00  1 25  1 50  1 75  200  300  400  

FD  (5  %)  0 , 54  0 , 55  0 , 565  0 , 575  0 , 585  0 , 6  0 , 61 5  0 , 625  0 , 68  0 , 74  

FD  (95  %)  1 , 88  1 , 84  1 , 8  1 , 76  1 , 72  1 , 685  1 , 65  1 , 6  1 , 48  1 , 35  

 

For sa l twater-wet cond i tion  the  deviation  factors  are  i ndependent of the  touch  vol tage  FD  
(5  %)  =  0 , 74  and  FD  (95  %)  =  1 , 35.  

By th is  method  the  total  body impedances  ZT  have  been  calcu lated  for d ry,  water-wet and  
sal twater-wet cond i tions  for l arge,  med ium  and  smal l  surface  areas  of contact for the  5 th ,  50 th  

and  95 th  percen ti le  rank of a  popu lation  of l i ving  human  beings  shown  in  Tables  1  to  3  and  4  
to  9 .  
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Annex B   
(normative)  

 
I nfluence of frequency on  the total  body impedance (ZT)  

 
 

I n  order to  obtain  real istic  values  for the  i n fluence  of frequency on  the  total  impedance  ZT  of 
l i ving  human  beings,  the  fol lowing  procedure  was  appl ied :  

1 )  Measurements  were  made  on  1 0  l i ving  human  beings  at a  touch  vol tage  of 1 0  V for 
frequencies  from  25  Hz to  20  kHz wi th  a  current path  hand  to  hand  wi th  l arge  cyl inder 
e lectrodes  (approximately 8  000  mm2)  i n  d ry cond i tions.  

 The  values  for the  tota l  body impedances  for a  percenti l e  rank of 5  %,  50  %  and  95  %  
were  determined  by statistical  methods.  

2 )  Due  to  strong  muscu lar effects  measurements  were  made  on ly on  one  l i ving  human  being  
at  a  touch  vol tage  of 25  V for frequencies  from  25  Hz to  2  kHz under the  cond i tions  
described  i n  i tem  1 )  above.  

 The  measurements  of i tem  1 )  and  i tem  2)  were  made  0 , 05  s  after applying  the  vol tage.  

 The  resu l ts  of these  measurements  are  shown  i n  F igures  1 0  and  1 1 .  

3)  For a  percenti le  rank of 50  %,  F igure  1 0  for a  touch  vol tage  of 1 0  V,  and  the  values  of 
Table  1  for 50  Hz and  touch  vol tages  from  25  V to  1 000  V were  used  for F igure  1 2 .  Th is  
fi gures  shows  the  dependence  of the  tota l  body impedance  on  the  frequency for a  range  
from  50  Hz to  2  kHz for a  percenti le  rank of 50  %  of a  popu lation  for touch  vol tages  from  

1 0  V to  1  000  V a. c.  wi th  a  stra igh t l i ne  between  the  asymptotic values  of 750  Ω  a t  50  Hz 

and  600  Ω  a t  2  kHz.  

4)  Values  for total  body impedance  above  2  000  Hz have  been  estimated  by extrapolation  
from  existing  data  and  are  shown  i n  F igure  1 2 .  

The  curves  for touch  vol tages  of 50  V to  1  000  V (dashed  l i nes  i n  F igure  1 2)  have  been  d rawn  
i n  analogy to  the  cu rves  for 1 0  V and  25  V wh ich  are  based  on  the  measurements  described  
under i tem  1 )  and  2) ,  above.  
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Annex C   
(normative)  

 
Total  body resistance (RT)  for d i rect current 

 
 

I n  order to  obtain  real i stic  values  for the  total  body resistance  RT  of l i ving  human  beings,  the  
fol lowing  procedure  was  appl ied :  

1 )  Measurements  were  made  on  50  l i ving  persons  at a  touch  vol tage  of 25  V pure  d . c.  wi th  a  
cu rren t path  hand  to  hand  wi th  l arge  cyl i nder e lectrodes  (approximately 8  000  mm2)  i n  d ry 
cond i tion .  

 The  values  for the  total  body resistance  RT  for a  percenti le  rank of 5  %,  50  %  and  95  %  
were  determined  by statistical  methods.  

2)  The  values  for the  tota l  body impedances  for a . c.  50  Hz,  at touch  vol tages  above  200  V 
accord ing  to  Table  1  were  used  for the  total  body resistance  RT  for d . c.  for touch  vol tages  
between  200  V and  1  000  V d . c.  and  the  asymptotic values.  

 The  values  of the  tota l  body resistance  RT  for touch  vol tages  between  25  V and  200  V 
have  been  derived  from  F igure  1 3  d rawn  s im i lar as  for a . c.  50  Hz.  

 The  values  for the  total  body resistance  RT  for d i rect curren t determined  by the  method  
described  above  are  g iven  i n  Table  1 0.  

NOTE  Above  200  V,  the  d i fferences  between  the  ski n  impedance  for a . c.  50  H z  and  the  ski n  res i stance  for d . c.  
are  assumed  to  be  neg l i g i b l e .  

 

 

Copyright International  Electrotechnical  Commission  



 –  54  – I EC  TS  60479-1 : 2005+AMD1 :201 6  CSV 

     I EC  201 6  

Annex D   
( informative)  

 
Examples  of calcu lations  of ZT  

 
 

Calcu lations  of touch  curren ts  IT  are  important to  evaluate  measures  of protection  against 
e lectric shock and  for i nvestigation  of e lectrical  acciden ts.  

The  touch  cu rrent IT  i s  ca lcu lated  by:  

T

T
T

Z

U
I =  

where  

UT  i s  the  touch  vol tage;  

ZT   i s  the  tota l  impedance  of the  human  body for g iven  curren t path ,  surface  area  and  
cond i tion  of con tact.  

The  fol lowing  calcu lations  are  based  on  the  relevant tables  of th is  speci fication  and  are  
carried  ou t for the  50 th  percen ti le  rank (50  %  of the  popu lation ).  The  50 th  percen ti le  rank was  
taken  because  i ts  va lues  are  statistical l y most rel iable.  

The  calcu lations  are  carried  ou t for four examples:  

1 )  touch  vol tages  1 00  V and  200  V,  d ry surface  areas  of contact,  curren t path  hands  to  feet,  
su rface  areas  of con tact for hands  med ium  (order of magn i tude  1  000  mm2 ,  Table  4),  for 
feet l arge  (Table  1 ) ;  

2 )  touch  vol tages  1 00  V and  200  V,  d ry surface  areas  of contact,  curren t path  hand-hand ,  
su rface  areas  of contact smal l  (order of magn i tude  1 00  mm2 ,  Table  7) ;  

3)  touch  vol tage  25  V,  sal twater-wet surface  areas  of contact,  cu rren t path  both  hands  to  the  
trunk of the  body,  surface  areas  of con tact:  l arge  for hands  (order of magn i tude  
1 0, 000  mm2 ,  Table  3)  and  very l arge  for the  trunk of the  body (skin  impedance  neg l i g ib le).  
Th is  curren t path  s imu lates  a  person  s i tti ng  on  the  g round  and  hold ing  a  fau l ty equ ipment 
of Class  I I I  (SELV)  wi th  both  hands.  

I n  the  calcu lations  the  values  are  rounded  to  5  Ω .  

4 )  At a  touch  vol tage  of at l east 1  000  V,  the  area  of contact,  cond i tion  of con tact and  nature  
of vol tage  make  no  materia l  d i fference  to  the  body resistance  values.  The  curren t path  
chosen  s imu lates  a  person  s i tti ng  on  the  g round  touch ing  a  h igh  vol tage  conductor wi th  
the  head .  

Example  1 :  

Touch  vol tages  1 00  V and  200  V,  a . c.  50/60  Hz,  curren t path  hands  to  feet,  d ry cond i tion ,  
su rface  areas  of contact for hands  med ium,  surface  areas  of feet l arge  

The  fol lowing  designations  are  used :  

ZTA  (H -H )  total  body impedance,  l arge  surface  areas  of con tact,  hand  to  hand  

ZTA  (H -F)  total  body impedance,  l arge  surface  areas  of con tact,  hand  to  foot 

ZTA  (H -T)  total  body impedance,  l arge  surface  areas  of con tact,  hand  to  trunk 

ZTA  (H -T)  =  ZTA  (H -H )/2  
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ZTA  (T-F)  total  body impedance,  l arge  surface  areas  of con tact,  trunk to  foot 

ZTA  (T-F)  =  ZTA  (H -F)  −  ZTA  (H -T)  

ZTB  (H -H )  total  body impedance,  m idd le  s ized  surface  areas  of con tact,  hand  to  hand  

The  ZT  va lues  ZTA  (H -H)  for l arge  surface  areas  of con tact are  g iven  i n  Table  1 ,  the  values  for 
med ium  surface  areas  of contact ZTB  (H -H )  are  g iven  i n  Table  4 .  

The  calcu lation  for the  50 th  percen ti le  rank i s  then  carried  ou t as  fol lows:  

ZTA  (H -H )  =  1  725  Ω  (1 00  V)  and  1  275  Ω  (200  V)  

For the  curren t path  hand -foot wi th  the  factor 0 , 8  

NOTE  Some  measurements  suggest  a  1 0  %  to  30  %  reducti on  of the  hand  to  hand  body impedance  i n  order to  
cal cu l ate  the  hand  to  foot  body impedance.  Taki ng  an  average  of 20  %  g i ves  the  factor 0 , 8 .   

ZTA  (H -F)  =  1  380  Ω  (1 00  V)  and  1  020  Ω  (200  V)  

ZTA  (H -T)  resu l ts  wi th  ZTA  (H -T)  =  ZTA  (H -H)/2  

ZTA  (H -T)  =  860  Ω  (1 00  V)  and  635  Ω  (200  V)  

hence  wi th  ZTA  (T-F)  =  ZTA  (H -F)  −  ZTA  (H -T)  

ZTA  (T-F)  =  520  Ω  ( 1 00  V)  and  385  Ω  (200  V)  

For med ium  surface  areas  of con tact (approx.  1  000  mm2)  fol lows  from  Table  4 :  

ZTB  (H -H )  =  5  200  Ω  (1 00  V)  and  2  200  Ω  (200  V)  

hence  wi th  ZTB  (H -T)  =  ZTB  (H -H)/2  

ZTB  (H -T)  =  2  600  Ω  (1 00  V)  and  1  1 00  Ω  (200  V)  

The  total  body impedance  ZT '  =  ZTA  (T-F)  +  ZTB  (H -T)  

ZT '  =  3  1 20  Ω  (1 00  V)  and  1  485  Ω  (200  V)  

and  wi th  hands  and  feet i n  paral le l  ZT  =  ZT ' /2  

ZT  =  1  560  Ω  (1 00  V)  and  740  Ω  (200  V)  

l ead ing  to  the  touch  curren ts  IT  

IT  =  65  mA (1 00  V)  and  270  mA (200  V)  

A summary of the  resu l ts  of the  calcu lations  i s  g iven  i n  Table  D . 1 .  

Copyright International  Electrotechnical  Commission  



 –  56  – I EC  TS  60479-1 : 2005+AMD1 :201 6  CSV 

     I EC  201 6  

Table  D.1  – 50 th  percenti le  values  for the  total  body impedance for a  current path  
hands-feet medium surface  area  of contact for hands,  large  for feet,  reduction  factor 

0 ,8,  dry condi tions,  touch  currents  IT  and  electrophysiolog ical  effects  

Touch  
vol tage  

 

V 

Impedance  
hand-trunk 

ZTB  (H -T)  

Ω  

Impedance  
trunk-foot 

ZTA  (T-F)  

Ω  

Impedance  
hands-feet  

ZT  

Ω  

Touch  
Current 

IT  

mA 

Electro-physiolog ical  
effects  for a  duration  of 
current  flow 

t  =  1 0  ms  to  30  ms  

1 00  2  600  520  1  560  65  Short  j erk-l i ke  sensati on  

 

200  

 

1  1 00  

 

385  

 

740  

 

270  

Heavy e l ectri c  shock,  l i fti ng  
of the  body,  cramp  i n  the  
arms  

 
Atten tion  i s  d rawn  to  the  fact that at UT  =  200  V the  touch  curren t  IT  i s  four times  as  h igh  as  
for 1 00  V.  I f the  duration  of curren t flow is  l onger than  approximately 0 , 2  s ,  ven tricu lar 
fibri l l ation  wou ld  occur wi th  a  h i gh  probabi l i ty.  

Example  2 :  

Touch  vol tages  1 00  V and  200  V,  a . c.  50/60  Hz,  cu rren t path  hand  to  hand ,  d ry cond i tion ,  
su rface  areas  of con tact smal l  (e lectrodes  type  C,  Table  7)  

The  calcu lation  i s  s imple.  The  tota l  body impedance  for smal l  su rface  areas  of con tact i n  d ry 

cond i tion  accord ing  to  Table  7  i s  shown  wi th  ZTC  (H -H)  =  40  kΩ  for UT  =  1 00  V and  5, 4  kΩ  for 
UT  =  200  V.  

Th is  resu l ts  i n  touch  currents  of IT  =  2 , 5  mA for UT  =  1 00  V and  IT  =  37  mA for UT  =  200  V the  
l atter value  sti l l  being  under the  th reshold  of ventricu lar fibri l l ation .  For l onger du rations  of 
cu rren t fl ow (some  seconds)  after the  breakdown  of skin  impedances  (ZT  approximately 

1  000  Ω) ,  IT  wou ld  certain ly su rpass  0 , 1  A causing  a  fata l  e lectrical  acciden t.  

Example  3 :  

Touch  vol tage  25  V,  a . c.  50/60  Hz,  curren t path  both  hands  i n  paral le l  to  the  trunk of the  
body,  sal twater-wet cond i tion ,  surface  areas  of con tact l arge  (electrodes  type  A,  Table  3)  for 
very l arge  hand  and  surface  areas  of trunk of the  body (skin  impedance  neg l ig ib le)  

Here  a lso  the  calcu lation  i s  s imple.  The  tota l  body impedance  ZT  (H -H)  i s  g iven  in  Table  3  for 

the  50 th  percen ti le  rank as  1  300  Ω .  

Hence  wi th  ZTA  (H -T)  =  ZTA  (H -H )/2  =  650  Ω .  

For hands  in  paral le l  to  the  trunk of the  body 

ZT  =  ZTA  (H -T)/2  =  325  Ω   

resu l ting  i n  a  touch  curren t IT  =  77  mA.  

I n  spi te  of the  use  of safety extra  l ow vol tage  (SELV)  a  shock wi th  strong  i nvolun tary muscu lar 
reactions  far above  the  th reshold  of l et-go  occurs.  

Example  4 :  

The  asymptotic impedance  values  associated  wi th  a  hand  to  hand  path  for vol tages  of 1  000  V 

and  above  at  the  5  %,  50  %  and  95  %  popu lation  levels  are  respectively 575  Ω ,  775  Ω  and  

Copyright International  Electrotechnical  Commission  



I EC  TS  60479-1 : 2005+AMD1 :201 6  CSV – 57  – 

  I EC  201 6  

1  050  Ω .  At th is  vol tage,  the  skin  impedance  i s  neg l ig ible.  I n  order to  use  F igure  2  to  calcu late  
the  value  of ZT,  the  hand  to  hand  resu l ts  requ i res  a  1 0  %  to  30  %  reduction  as  shown  by the  
Note  1  i n  the  tables.  Taking  an  average  value  of 20  %,  th is  g i ves  a  hand  to  foot value  of 

460  Ω ,  620  Ω ,  840  Ω ,  respectively.  

Applying  the  factors  g iven  i n  F igure  2 ,  the  calcu lation  of the  total  body impedance ZT  of a  
person  s i tting  on  the  g round  touch ing  a  h igh  vol tage  conductor wi th  the  head  i s  
stra igh tforward :  

At the  5  %  value  ZT  =  460  Ω  ×  (0 , 1 0  +  0 , 01 3)  =  52  Ω  

At the  50  %  value  ZT  =  70  Ω   

At the  95  %  value  ZT  =  95  Ω  

I n  th is  example,  the  resu l tan t touch  curren t i s  of the  order of tens  of amperes  and  wi l l  
i ncrease  at  h igher vol tages.   
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Annex E  
( informative)  

 
Theories  of ventricu lar fibri l lation  

Ventricu lar fi bri l l ation  (VF)  i s  a  phenomenon  wh ich  has  been  better known  s ince  the  detection  
of e lectrical  activi ty of the  heart (ECG)  [35] .  The  main  mechan ism  of th is  abnormal  normal ly 
l ethal  activi ty of the  heart ven tricles  was  found  when  i t  was  d iscovered  that smal l  volumed  
ci rcu lating  exci ting  waves  are  responsible  for m in imal  i nefficien t and  on ly local  b lood  pumping  
properties,  i n  con trast to  the  straigh t strong  and  efficien t normal  exci tation  and  pumping  
process.  

The  reason  for the  unexpected  possib i l i ty for the  transi tion  from  normal  operation  to  the  
i n i tiation  of VF  l i es  i n  the  natural  i nheren t i nhomogenei ty wi th in  the  e lectrical  repolarization  
phase  of the  ventricles.  Th is  phase  i s  cal led  the  "vu lnerable"  phase  because  of the  fact that 
an  e lectrical  impu lse  or d . c.  or a . c.  cu rrent from  the  ou tside  can  e l i ci t  VF  during  th is  period .  
VF  can  a lso  be  i nduced  by rapid  card iac capture.  

Experimental  and  theoretical  research  showed  that the  processes  seem  to  be  more  complex 
than  for ci rcu lar exci tation  waves  on ly.  Also  more  soph isticated  waveforms  led  to  the  
conclusion  that the  i n i tiation  process  of VF,  as  wel l  as  i ts  persistence,  has  add i tional  
components  compared  to  that of a  s imple  re-en try of exci tation  [36] .  These  fi nd ings  led  to  
spi ral  waves  breakup  and  to  s i ng le  and  mu l tip le  wavelet hypothesis  [37] [38] .  

Moreover,  the  i n i ti ation  of VF  i s  i ncreased  by preced ing  ventricu lar extrasystole  (VE)  and  the  
more  frequently they arise  the  more  dangerous  they can  be  (see  I EC  TS  60479-2:  2007,   9 . 2).  
The  reason  for th is  phenomenon  i s  that every add i tional  VE  i ncreases  the  i nhomogenei ty 
during  the  ven tricu lar repolarization  [40] [42] .  The  inner l ayers  of the  ventricu lar wal l  have  per 
se  a  l onger repolarization  time  than  the  ou ter l ayers  and  th is  d i fference  i s  i ncreased  by more  
frequent VE  wh ich  forms  the  substrate  for fibri l l ation  i n i ti ation .  Th is  i s  a lso  true  for d i rect 
curren t and  explains  why fi bri l l ation  due  to  d i rect curren t can  take  p lace  [43] .  

Termination  of VF  i s  cal led  ven tricu lar defibri l lation .  Defibri l lation  i s  presently performed  wi th  
a  b iphasic shock.  There  are  three  major theories  of defibri l l ation :  

•  progressive  depolarization  [44] ;  

•  u pper l im i t  of vu lnerabi l i ty [45] ;  

•  vi rtual  e lectrode  i nduced  re-exci tation  [46] [47] .  

The  role  of the  fi rst phase  i s  to  charge  the  vast majori ty of the  card iac cel l  membranes  wi th  a  
l arge  charge  of 3  ms  to  1 0  ms  duration .  The  role  of the  second  phase  i s  to  return  the  cel l  
membrane  vol tage  to  zero  [48] .  
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Annex F  
( informative)  

 
Quanti ties  ULV and  LLV 

The  heart’s  th reshold  of fi bri l lation  for a  g iven  waveform  i s  the  m in imum  value  of cu rrent to  
wh ich  i t  shou ld  be  subjected  to  precipi tate  ven tricu lar fibri l lation .  The  I EC  60479  series  of 
standards  devotes  i tsel f to  determin ing  th is  th reshold  for d i fferen t waveforms.  

I t  i s  noted  however that “defibri l l ation”  i s  a  therapeu tic modal i ty used  to  treat a  heart i n  
fi bri l l ation .  Th is  process  i nvolves  passing  a  l arge  impu ls ive  current th rough  the  fibri l l ating  
heart wi th  the  i n ten tion  of hal ting  fi bri l l ation .  

The  design  of a  defibri l lator i s  beyond  the  present scope  however the  terms  ULV and  LLV are  
very common ly met i n  th is  con text.  

There  i s  a  band  of curren ts  wh ich  produce  fibri l l ation  in  the  myocard ium  i f de l i vered  i n  the  
vu lnerable  period  (portions  of the  T-wave).  Present l i terature  suggests  that strong  short 
pu lses  del i vered  ou tside  of the  vu lnerable  period  do  not i nduce  VF  bu t on ly cause  an  extra  
card iac con traction .  Above  th is  band  of curren ts,  the  heart i s  re l i ably defibri l l ated  by short 
(3  ms  to1 0  ms)  impu lse  shocks  del ivered  i n  the  same l ocation  in  the  card iac cycle.  Th is  l evel  
i s  the  upper l im i t  of vu lnerabi l i ty (ULV)  of the  myocard ium.  I t  has  been  shown  in  mu l tip le  
stud ies  to  be  a  good  pred ictor of the  defibri l l ation  threshold  for the  myocard ium,  th is  
parameter being  importan t,  for example,  i n  determin ing  the  setting  for an  implan table  card iac 
defibri l lator ( ICD)  [49] .  

The  lower l im i t  of vu lnerabi l i ty (LLV)  i s  the  fibri l l ation  th reshold  as  determined  i n  the  
I EC  60479  series.  
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Annex G  
( informative)  

 
C i rcuit simulation  methods  in  electric shock evaluation  

The  use  of model l i ng  i n  evaluation  of any s i tuation  i s  va luable  s ince  the  model l ing  i s  
substi tu ted  for d i rect measurement of the  appl ication  of forces  wh ich  may be  harmfu l  or 
deleterious  to  the  body [50] .  D i rect e lectric shock experimentation ,  whether on  humans  or 
an imals,  has  been  severely restricted  over the  l ast few decades  forcing  consideration  of 
model l ing  as  a  substi tu te.  Such  model l i ng  has  been  used  for years,  most recently i n  the  
evaluation  of touch  curren ts  accord ing  to  the  frequency fi l tered  effect as  are  evaluated  i n  
many product standards.  

An  important con tribu tion  to  experimental  data  i s  ongoing  in  governmental  funded  
experiments  wi th  an imals.  

Based  on  d i rect measurements  on  the  heart (and  necessary translation  to  the  human)  new 
s imu lation  boundaries  wi l l  provide  inpu t cond i tions  to  the  whole  body s i tuation  (e. g .  touch  
models  hand  to  hand ,  hand  to  foot) .  New s imu lation  models  based  on  con trol  ci rcu i ts  l evels  
up  the  vol tage  wh ich  con tacts  the  human  un ti l  the  g iven  current densi ty (or other appropriate  
parameters)  i s  reached .  Th is  ongoing  and  recent experimental  work i s  under consideration .  

The  process  of determination  of a  dangerous  curren t i nvolves  determination  of the  cu rrent i n  
the  body,  i nclud ing  at  the  myocard ium.  Th is  i s  hard  to  perform  experimental l y,  however i t  can  
be  model led  using  ci rcu i t  analysis  methods  wh ich  requ i re  describ ing  the  body and  i ts  
operation  as  an  equ ivalen t e lectrical  ci rcu i t.  Th is  d iscussion  i s  to  i n form  readers  of the  
existence  of these  models  and  to  provide  a  reference  to  further d iscussions  on ,  and  usages  
of,  them.  

The  body model  wh ich  i s  common ly used  i s  shown  in  I EC  TS  60479-1 ,  consisti ng  of 
resistance  and  capaci tance  representing  the  combined  impedances  of the  skin .  I n  series  wi th  
these  i s  a  s imple  resistance  representing  the  body in ternal  resistance.  

A vol tage  i s  appl ied  between  the  terminals  of the  model  and  the  resu l ti ng  curren t i n  the  
i n ternal  body resistance  can  be  considered  to  approximate  the  myocard ial  cu rrent.  

So,  as  a  fi rst approximation ,  measuring  th is  curren t for an  appl ied  vol tage  wi l l  model  the  body 
curren t.  Further analysis  can  be  accommodated  by add ing  a  ci rcu i t that m imics  the  body 
response  fu rther.  For i nstance,  several  fi l ter networks  have  been  developed  that provides  
correction  for the  frequency fi l ter effects  noted  in  I EC  TS  60479-2 .  

Hart [33]  proposes  the  fol lowing  model l i ng  network as  a  usefu l  one  for model l ing  the  startl e-
reaction  frequency effect from  the  ‘a ’  cu rve  in  F igure  20  (see  F igure  G . 1 ) .  
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Figure  G.1  – Electric  shock in  electrical  model  by Hart [33]  
including  startle  reaction  effect  

The  parameters  were  determined  empirical l y,  wi th  R1  and  C1  representing  the  combined  skin  
impedance  and  R2  being  the  i n ternal  body resistance.  The  vol tage  V1  i s  used  to  derive  the  
actual  body cu rren t (=  V1 /R2).  A second  network,  R3  and  C2  i s  added  and  i s  re lated  to  the  
startle-reaction  frequency factor,  whose  i npu t i s  the  body curren t,  and  whose  ou tpu t i s  used  to  
derive  the  body response  corrected  for frequency for th is  s i tuation .  

NOTE  I n  some  I EC standards  R1  i s  a l so  Rs  and  C1  i s  a l so  Cs  and  R2  i s  a l so  Rb.  

Some values  for the  components  that m ight be  usefu l  i n  other cases  are  tabu lated  as  shown  
i n  Table  G . 1  ( the  values  of R3  and  C2  may be  chosen  to  g ive  a  3  ms  time  constan t of a  
card iac cel l  s imu lati ng  the  current at  the  heart,  wh ich  may typical l y be  taken  as  5  %  to1 0  %  of 
the  total  i n ternal  current i n  magn i tude).  

Table  G .1  – Body impedance  examples  (uncompensated)  

Comments  Cond i tion  R1   

kΩ  

C1  

nF  

R2   

Ω  

Large  area  con tact (~1 0  000  mm 2 )  

Hand  to  hand  (or foot)  Worst  case  test va l ue  1 , 5  220  500  

Med ium  area  con tact  (~1  000  mm 2 )  

Hand  to  hand  (or foot)  F l a t  hand  –  DRY 77  24  500  

Hand  to  hand  (or foot)  Gri pping  hand  – DRY 25  50  400  

Hand  to  opposi te  shou l der Gri pping  hand  – DRY 9 , 5  200  250  

Hand  to  opposi te  shou l der Gri pping  hand  – WET 1 , 5  220  250  

Hand  to  arm ,  h i gh  pressu re  g ri p  Gri pping  hand  –  WET 1 , 5  500  200  

Smal l  a rea  con tact (~  1 00  mm2 )  

F i nger to  arm  F i nger con tact  –  DRY 60  7  800  

F i nger to  arm ,  h i gh  pressu re  F i nger con tact  –  WET 1 2  20  250  

Near worse  case  smal l  area  1 00  mm 2  p robe  con tact 1 5  20  250  

I EC  60601 -1  med ica l  s tandard  S tandard  test  va l ue  0  0  1  000  

 

IEC 

Body impedance 
equivalent circuit  

Transform 
network  

R1  
C1  

R2  

V1  

R3  

C2  

V2  

Transformed current =  V2/R2  

Body current =  V1 /R2  

Model l ing  circuit,  al lowing  transformation  of an  observed  
current to give an estimate of body current.  Value chosen  
for specific observed  currents.  
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I EC  60990  provides  two  frequency factor correction  ci rcu i ts;  the  perception  threshold  2  
e lement frequency factor correction  ci rcu i t  shown  above  pl us  a  3  e lement l etgo  immobi l ization  
frequency factor correction  ci rcu i t.  These  ci rcu i ts  have  been  extensively d iscussed  by 
Perkins[34] [35] [51 ] .  Note  that these  ci rcu i ts  m im ic the  inverse  of the  frequency factor curve,  
as  expla ined  i n  I EC  60990,  wh ich  a l lows  evaluation  to  the  l ow frequency l im i t  g iven  i n  a  
product standard  i rrespective  of the  frequency of the  current being  measured .  

Model l ing  of any e lectric shock cond i tion ,  whether perception  threshold ,  l etgo  threshold ,  or 
myocard ial  cu rren t l ead ing  to  ventricu lar fibri l l ation ,  requ i res  that the  correct e lements  shou ld  
be  chosen  for the  model  analysed .  Assuming  that the  curren t i s  i n troduced  th rough  the  skin ,  
the  correct skin  model  shou ld  be  selected  for the  cond i tion  experienced .  When  su i table,  
non l i near models  of the  skin  shou ld  be  used  [52] .  Product standards  usual ly seek the  worst 
case  cond i tion  to  maxim ize  the  cu rren t and  m in imize  the  ri sk of e lectric shock.  The  
appropriate  body resistance  shou ld  be  used  and ,  fi nal l y,  any correction  for frequency or other 
important parameter shou ld  be  added .  Normal  ci rcu i t  analysis  techniques can then be used to 
provide an estimate of the current in  the body under those cond i tions.  

Other model l ing  techn iques  can  a lso  be  used :  some  researchers  are  using  a  whole  body 
model  wh ich  assigns  properties,  usual l y e lectrical  properties  for e lectric shock s i tuations,  to  
each  granu lar body e lement as  determined  from  a  whole  body CAT scan  or MRI  scan .  
Granu lari ty to  abou t 1  mm  seems to  be  the  cu rren t l evel  avai lable.  Th is  i s  adequate  for some  
larger scale  stud ies  bu t not adequate  to  d i fferen tiate  curren t d i fferences  in  th in  l ayers,  such  
as  nerve  sheaths.  Th is  type  of analysis  deals  wi th  l arge  sets  of data  and  i s  best run  on  large,  
fast computer systems.  

The  explosive  g rowth  of computer model l ing  avai lable  on  personal  computers  al lows  the  
development of e lectric shock model l i ng  i n  s i gn i fican tl y more  detai l  than  has  been  considered  
up  ti l l  now.  

Together wi th  ongoing  experimental  work on  an imals  i n  governmental  funded  projects  and  
s imu lated  transfer of the  data  to  the  human  body,  new insigh t i s  expected  to  be  d rawn  wh ich  
has  the  poten tia l  to  j usti fy knowledge  abou t effects  of h i gher frequency curren ts.  
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