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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -

Part 2: Special aspects

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object /of TEC is to promote
international co-operation on all questions concerning standardization in the electrical and eleetronic fields. To

Technical Reports, Publicly Available Specifications (PAS) and Guides (herea eferred Mo as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National i i
in the subject dealt with may participate in this preparatory work. Internationa

consensus of opinion on the relevant subjects since each ica i épresentation from all
interested IEC National Committees.

Publications is accurate, IEC cannot be
misinterpretation by any end user.

4) In order to promote international uniformity, TEC Nati s ittees”undertake to apply IEC Publications
transparently to the maximum extent posgible in thei ional and regional publications. Any divergence
between any IEC Publication and the corre i or regional publication shall be clearly indicated in
the latter.

7) No liability shalla e
members of its tec atfonal Committees for any personal injury, property damage or
other damage of an € ether direct or indirect, or for costs (including legal fees) and
expenses arising ot i se of, or reliance upon, this IEC Publication or any other IEC
Publications.

The main task C technical committees is to prepare International Standards. In
exceptional circum ces, a technical committee may propose the publication of a technical
specification when

» the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

» the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 60479-2, which is a technical specification, has been prepared by IEC technical
committee 64: Electrical installations and protection against electric shock.

This third edition cancels and replaces the second edition, published in 1987, and constitutes
a technical revision.
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The major changes with regard to the previous edition are as follows:

— The report has been completed with additional information on effects of current
passing through the human body for alternating sinusoidal current with d.c.
components, alternating sinusoidal current with phase control, alternating sinusoidal
current with multicycle control in the frequency range from 15 Hz up to 100 Hz.

— An estimation of the equivalent current threshold for mixed frequencies.

— The effect of repeated pulses (bursts) of current on the threshold of ventricular
fibrillation.

— Effects of electric current through the immersed human body.

The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
64/1544/DTS 64/1579/RVC &

Full information on the voting for the approval of this tech i i be found in
the report on voting indicated in the above table.

+ transformed into a
* reconfirmed,
* withdrawn,

* replaced by a rev
*+ amended.
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EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -

Part 2: Special aspects

1 Scope

IEC 60479-2, which is a technical specification, describes the effects on the human body
when a sinusoidal alternating current in the frequency range above 100 Hz passes through it.

The effects of current passing through the human body for

— alternating sinusoidal current with d.c. components,
— alternating sinusoidal current with phase control,
— alternating sinusoidal current with multicycle control,

are given but are only deemed applicable for alternating
100 Hz.

including 10 ms. For i
IEC 60479-1 ap

ed current resulting from the direct application of a
s IEC 60479-1 and IEC 60479-3. It does not consider

For dated references; only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60479-1:2005, Effects of current on human beings and livestock — Part 1. General
aspects

IEC 60479-3, Effects of current on human beings and livestock — Part 3: Effects of currents
passing through the body of livestock

IEC 60990, Methods of measurement of touch current and protective conductor current

3 Terms and definitions

For the purposes of this document, the following definitions, in addition to those given in
IEC 60479-1, apply.
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NOTE Certain definitions are taken from the IEV. Such references are listed in the bibliography [27], [28] 1).

3.1

frequency factor

Fy

ratio of the threshold current for the relevant physiological effects at the frequency f to the
threshold current at 50/60 Hz

NOTE The frequency factor differs for perception, let-go and ventricular fibrillation.

3.2

phase control

process of varying the instant within the cycle at which current conducti in an electronic
valve device or a valve arm begins

(IEV 551-16-23)

3.3

phase control angle (current delay angle)
time expressed in angular measure by which the starting
delayed by phase control

ent conduction is

(IEV 551-16-32)

3.4

multicycle control
process of varying the ratio of the numb
number of cycles in which no current co

(IEV 551-16-31)

r of\.cy hich<inelude current conduction to the

3.5
multicycle control fac

p
ratio between th@n €
cycles in the case ©of

NOTE F, is determined by the form of the impulse as the integral

féi i%dt

where ¢ is defined in Figures 17 and 18. F, multiplied by the body resistance gives the energy dissipated in the
human body during the impulse.

3.7

specific fibrillating charge

Fq (C or As)

minimum /¢ value of unidirectional impulse of short duration which under given conditions
(current-path, heart-phase) causes ventricular fibrillation with a certain probability

1) References in square brackets refer to the bibliography. Documents
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NOTE Fq is determined by the form of the impulse as the integral

f;i idt

Where ¢ is defined in Figures 17 and 18.

3.8
time constant
time required for the amplitude of an exponentially decaying quantity to decrease to

1 0,3679
e

times an initial amplitude

(IEV 801-21-45, modified)

3.9
shock duration of a capacitor discharge

5

time interval from the beginning of the discharge to
fallen to 5% of its peak value (see Figures 17 and 18

3.10
shock duration for complex asympt
fi
shortest duration of that
impulse

3.1
threshold of pei ‘

minimum value for
sensation to the perso

3.13
pain
unpleasant experience such that it is not readily accepted a second time by the subject
submitted to it

NOTE Example are an electric shock above the threshold of pain described in 11.3, the sting of a bee or burn of a
cigarette.
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4 Effects of alternating currents with frequencies above 100 Hz
NOTE Values for 50/60 Hz are given in IEC 60479-1.

4.1 General

Electric energy in the form of alternating current at frequencies higher than 50/60 Hz is
increasingly used in modern electrical equipment, for example aircraft (400 Hz), power tools
and electric welding (mostly up to 450 Hz), electrotherapy (using mostly 4 000 Hz to
5 000 Hz) and switching mode power supplies (20 kHz to 1 MHz).

Little experimental data is available for this clause, so that the information given herein should
be considered as provisional only but may be used for the evaluation of risks in the frequency
ranges concerned (see bibliography). Attention is also drawn to the fact that the_ impedance of

impedance Z; (see |IEC 60479-1).

NOTE The use of peak measurements. At current levels that produ hysi cal responses of perception,
startle reaction and inability of let-go, the physiological response from i ig ixe

current is best indicated by the peak value of an output signal/ ing circuits containing a frequency-
weighting network such as those described in IEC 60990.

These frequency weighting networks attenuate the signal a requency factors of Clause 4 of
IEC 60479-1 so that the output signal corresp € b

4.2 Effects of alterna
including 1 000

IS
%)
g
S 16
o3
o
I
1,4 //
1,2 ’/
1,0
50/60 100 200 300 500 1000

. .
Frequency f(Hz) IEC 801/07

Figure 1 — Variation of the threshold of perception
within the frequency range 50/60 Hz to 1 000 Hz Documents
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4.2.2 Threshold of let-go

For the threshold of let-go the frequency factor is given in Figure 2.

2,0

1,8

1,6

Frequency factor Ff

1,4

1,2

1,0
50/60 100

1)000

f

Frequency factor

50/60 100 300 1000

Frequenc Hz) ——
9 y /(H2) IEC 803/07

Figure 3 — Variation of the threshold of ventricular fibrillation within the frequency
range 50/60 Hz to 1 000 Hz, shock durations longer than one heart period and
longitudinal current paths through the trunk of the body
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4.3 Effects of alternating current in the frequency range above 1 000 Hz up to and
including 10 000 Hz

4.3.1 Threshold of perception

For the threshold of perception the frequency factor is given in Figure 4.

150
100

50

\

10

Frequency factor Fi

1

EC 804/07

7

5 /
S Pq
3] y,
Rl 7
) //
g 3 7
> /
g
i 2 /

1

1 2 3 5 10

Frequency f(kHz) ——
IEC 805/07

Figure 5 — Variation of the threshold of let-go
within the frequency range 1 000 Hz to 10 000 Hz

4.3.3 Threshold of ventricular fibrillation

Under consideration. Documents
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4.4 Effects of alternating current in the frequency range above 10 000 Hz
4.4.1 Threshold of perception

For frequencies between 10 kHz and 100 kHz, the threshold rises approximately from 10 mA
to 100 mA (r.m.s. values).

For frequencies above 100 kHz the tingling sensation characteristic for the perception at
lower frequencies changes into a sensation of warmth for current intensities in the order of
some hundred milliamperes.

4.4.2 Threshold of let-go

For frequencies above 100 kHz, there is neither experimental data
concerning the threshold of let-go.

4.4.3 Threshold of ventricular fibrillation

For frequencies above 100 kHz, there is neither experimental data “hor\reported incidents

concerning the threshold of ventricular fibrillation.

4.4.4 Other effects

Burns may occur at frequencies above 100 k in the order magnitudes of

5.1 General

As is to be expected,

caused by direct and(by "alt
regard to ventri' i

ents on the human body are between those
. therefore equivalent current magnitudes with

NOTE Other waveforms are under consideration.

The information given is deemed applicable for alternating current frequencies from 15 Hz up
to 100 Hz.

5.2 Equivalent magnitude, frequency and threshold

In this clause, hazard may be taken as being approximately the same effect as with an
equivalent pure alternating sinusoidal current I, having the following characteristics:

— Magnitude equivalence
The following current magnitudes have to be distinguished:

I,ns = r.m.s.value of the current of the proposed waveform;

Iy = peak value of the current of the proposed waveform;

Iop = peak-to-peak value of the current of the proposed waveform;

Iy = r.m.s. value of a sinusoidal current presenting the same effect as the waveform

concerned. Documents
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NOTE The current 7, is used instead of the current /g in Figures 20 and 22 of IEC 60479-1 to estimate the
risk of ventricular fibrillation.

Most physiological effects are related to the filtered peak current (in magnitude and in
duration) with the natural body filter defined by the frequency factor F. The peak value of
the current should be used in all cases except where there is a known relationship
between the r.m.s. value and the peak value, i.e. for a pure sinusoidal current.

— Frequency equivalence

The waveform under study has a time period equal to the period of the equivalent
sinusoidal waveform.

— Threshold equivalence

The different current thresholds (perception, inability of let-go and ve
for waveforms consisting of specific ratio of alternating to direct cur
for a pure sinusoidal alternating current with a current having the €h
I, This I, value is different for each of these thresholds.

icular fibrillation)

5.3 Effects of alternating current with d.c. components
5.3.1 Waveforms and frequencies and current thresholds

Figure 6 shows typical waveforms which are dealt wit e d.c. and pure a.c.
are represented as well as combined waveforms of vdrious r d.c.

T ¥
panES A
lev = Tppl/ 242"
[p=[pp T —_ 1 b
* ov=Jp/ i
‘Ie\, = lp/xlz*\ /2 l
1o 1

T Ipp

Ip

i /

IEC 806/07

””””” Nlew = Ipp/2V2* ?
ev ™ ‘ep Tlpp
I
i ]
Tov = IpN2** ey = Ip/N2**
Iev = Ip/\lz** ev p!
-~ T T ~— I

* for shock duration >1,5 cardiac cycle

** for shock duration <0,75 cardiac cycle IEC 807/07

Figure 6 — Waveforms of currents Documents
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5.3.2 Threshold of startle reaction

The threshold of startle reaction depends on several parameters such as the area of the body
in contact with an electrode (contact area), the conditions of contact (dry, wet, pressure,
temperature) and also on physiological characteristics of the individual.

These effects are related to the peak value of the current [13] and the currents have to be
combined frequency by frequency to estimate the total effect. A measurement circuit is
described in IEC 60990.

5.3.3 Threshold of let-go

The threshold of let-go depends on several parameters, such as the contact-area, the shape
and the size of the electrodes and also on the physiological characteristics indivi

seconds), this standard uses Figure 5 [17] to determine the C hreshold for
combinations of alternating current and direct current. The freq ¢ ing current
in this case was 60 Hz with 7,07 mA peak a.c. (5 mA r.ms,

children) from inability to let go.

The equation, Icn = 7,176%exp(-0,143
d.c. case and may be used to calcula
range specified.

The following Figure 7 illustrates the Da

99,5 percentile for men

99,5 percentile for women

99,5 percentile estimated for children

DC component (mA)

IEC 808/07
Figure 7 — Let-go thresholds for men, women and children
The above curves can be described by an equation fitted to the data.

The equation, 7,cpc = 12,890 5*exp(-0,069 39*DC)-0,190 5, represents the 99,5 percentile
curve for men.

The equation, Tacpk = 8,523*exp (-0,104 9*DC) -0,126 0, represents the 99,5 percentile curve

for women.
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The equation, I,c = 6,394 5"exp(-0,138 8"DC) -0,094 5, represents the 99,5 percentile
estimated curve for children.

For practical considerations, some standards allow for some ripple (e.g. up to 10 %) on a d.c.
supply as an exception.

Figure 8 shows the let-go threshold expressed in peak mA for combinations of 50/60 Hz
sinusoidal alternating current and direct current. The peak of the composite a.c. + d.c. wave
in mA at the let-go threshold estimated for the population of humans including children, is
shown as a function of the direct current component in mA.

Figure 8 is represented by the following equation for the composite d.c. current:

Tacpk * Igc = 7,176*exp (-0,143 4*DC) -0,106 1 + DC

Let-Go threshold for (a.c. + d.c.) combination

30

25 -

20 BB

\\\
|

10 :

/
S

Peak of the composite wave (mA)
o
A
N

2]
-

\) 15 20 25 30
DC component (mA)

IEC 809/07

tile let-go threshold for combinations
usoidal alternating current and direct current

5.3.4 Threshold of ventricular fibrillation
5.3.4.1 Waveforms consisting of specific ratios of alternating to direct current

The fibrillation hazard may be taken as being approximately the same as with an equivalent
alternating sinusoidal current I, having the following characteristics:

a) For shock durations longer than approximately 1,5 times the period of the cardiac cycle,
I, is the r.m.s. value of the sinusoidal alternating current having the same peak-to-peak
value /,, as the current of the waveform concerned:

ley = Ipp
22

b) For shock durations shorter than approximately 0,75 times the period of the cardiac cycle,
v is the r-m.s. value of the sinusoidal alternating current having the same peak value Iy
as the current of the waveform concerned:
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NOTE 1 This correlation is less applicable the smaller the ratio a.c. to d.c. becomes. For pure d.c. shocks of
a duration less than 0,1 s the threshold is equal to the corresponding r.m.s. value of the alternating current
(see Figure 20 and Figure 22 in IEC 60479-1, respectively).

c) In the duration range from 0,75 to 1,5 times the period of the cardiac cycle, the amplitude
parameter changes from peak value to peak-to-peak value.

NOTE 2 The details of the nature of the transition that takes place are subject to further studies.

According to Knickerbocker’'s [5] findings, the likelihood of ventricular fibrillation for a
combination of 50/60 Hz sinusoidal alternating and direct current lasting—a-few seconds or
more, is the same for a purely sinusoidal current of the same duration provided the pure
50/60 Hz sinusoidal alternating current has the same peak-to-peak va

the same likelihood of causing ventricular fibrillation as
current alone.

reversal of the instantaneous

Figure 9 iIIustra@n e
alternating current(j

same.
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NOTE The peak-to-peak value Inp remains\cons 1 ¢ "and then the peak value of the
composite remains constant at a value of two time 2 d.c. component.
Figure 9 — Compo 3 d direct current
with equivalent likeli ricular fibrillation
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5.3.4.2 Examples of rectified alternating current

Figure 10 shows the waveforms for half wave and full wave rectification. For these
waveforms, the peak value of the current is identical with its peak-to-peak value.

a7 AVAV A

Tey = lp/\/2**

- T

*

for shock duration >1,5 cardiac cycle
** for shock duration <0,75 cardiac cycle

IEC 811/07

IEC 812/07

Figure 10b — Full wave rectification

ure 10 — Waveforms of rectified alternating currents

The equivalent alternating current I, is determined:

a) For duration longer than 1,5 times the period of the cardiac cycle by:

_dpp I

J., =—rP —_ P
ev 2& 2&

Hence for half wave rectification, I, is related to the r.m.s. value of the rectified current I,
by:

and the full wave rectification by:
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b) For duration shorter than 0,75 times the period of the cardiac cycle by:

1, =t _fo
ev \/5 \/E
Hence for half wave rectification, 7, is related to the r.m.s. value of the rectified current
Iims by:
ley :\/Elrms
and the full wave rectification by:
ley =1Ims

Figure 11 shows the waveforms for symme 8 etrical control.
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o =60° o =150°

|

I ! ;

Tev = Irms” Tev = Irms”
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T O - - — % Tey = 1p/\/2**

Y

Tov = IpN2**
- [ ————————— f————F T
*  for shock duration >1,5 cardiac cycle

** for shock duration <0,75 cardiac cycle IEC 813/

Figure 11a — Symmetrical ¢ |
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e.(under consideration)

IEC 814/07
Figure 11b — Asymmetrical control

Figure 11 — Waveforms of alternating currents with phase control

6.2 Threshold of startle reaction and threshold of let-go

As described in 5.3.2 and 5.3.3, these thresholds depend on different parameters.

The effects of the current in producing sensation or inhibiting let-go are about equal to a pure
a.c. with the same peak value I,. For phase control angles above 120°, the peak values
increase as a consequence of the decreasing duration of the current flow.

These effects are related to the peak value of the current [13] and they have to be combined
frequency per frequency to estimate the total effect. This is easily done using the
measurement circuit in IEC 60990.
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6.3 Threshold of ventricular fibrillation

The thresholds differ for symmetrical and asymmetrical waveforms.

6.3.1 Symmetrical control

The fibrillation hazard may be taken as being approximately the same as with equivalent
alternating current I, having the following characteristics:

a) For shock durations longer than approximately 1,5 times the period of the cardiac cycle,
I, has the same r.m.s. value as the current of the relevant waveform concerned;

b) For shock durations shorter than approximately 0,75 times the period (0
Iy, is the r.m.s. value of a current having the same peak valug/as
relevant waveform concerned;

e.cardiac cycle,
urrent of the

c) In the duration range from 0,75 to 1,5 times the period of\the
parameters change from peak to r.m.s. value.

6.3.2 Asymmetrical control

waveform concerned.

NOTE 1 For phase control

NOTE 2 Currents c db
7 Effects of alted

7.1 Waveform

Figure 1
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A A e )
L] |

- -

s p
-~ T

*

for shock duration >1,5 cardiac cycle and p <<1 or shock duration < 0,75 c
** for shock duration <0,75 cardiac cycle and p = 1

ts = conducting time

t, = non-conducting time

7.3.1 General
Depending on the duration of shock and the degree of power control alternating currents with

multicycle control are equally or less dangerous than alternative currents of the same shock
duration and current magnitude.

Figure 13 shows the variation of the ventricular fibrillation threshold for various degrees of
power control from experiments with pigs (see bibliographic reference [7]).
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threshold depends.\o er cgntrol p. For p near unity, it has the same r.m.s.
value as the si L Of the same duration. For p near 0,1 the r.m.s.

value of the curre

rinediate values. of py the fibrillation threshold rises from the low level shown in Figure 20 in
IEC 60479-1 to'the highlevelindicated for shock duration below 0,1 s.

For shock durations shorter than approximately 0,75 times the period of the cardiac cycle the
r.m.s. value of the.elrrent during the current conduction I, is the same as that for a
sinusoidal alternating current of the same duration.

8 Estimation of the equivalent current threshold for mixed frequencies

8.1 Threshold of perception and let-go

These effects are related to the peak value of the current [13] and the currents have to be
combined frequency by frequency to estimate the total effect.

8.2 Threshold of ventricular fibrillation

The ventricular fibrillation hazard caused by a current having multiple frequencies may be
estimated, at a rough approximation, as equivalent to the hazard caused by a pure alternating
current having the following characteristics:

— the fundamental frequency; Documents
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