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FOREWORD 
 
 
This Malaysian Standard was developed by the Technical Committee on Electromagnectic 
Field under the authority of the Industry Standards Committee on Electrotechnical-1. 
 
MS 2232 consists of the following parts, under the general title Guidelines for limiting 
exposure to time-varying electric, magnetic and electromagnetic fields: 
 
Part 1: For frequency up to 3 kHz 
 
Part 2: For frequency from 3 kHz to 300 GHz  
 
Compliance with a Malaysian Standard does not of itself confer immunity from legal 
obligations. 
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GUIDELINES FOR LIMITING EXPOSURE TO TIME-VARYING 
ELECTRIC, MAGNETIC AND ELECTROMAGNETIC FIELDS - 

PART 1: FOR FREQUENCY UP TO 3 kHz  
 
 

0 Introduction 
 
The establishment of this Malaysian Standard is to provide guideline for controlling human 
exposure to electromagnetic fields (EMF) that minimises any potential risk. 
 
The presence of EMF in work and public environment is becoming more pronounced as more 
devices and technologies, which operate within this part of the electromagnetic spectrum, are 
in use nationwide. Studies have shown that acute exposure to such fields can lead to some 
observable health effects, though chronic exposure is presently known to be inconclusive. 
There is enough evidence to indicate that there is a need to establish a standard for 
controlling exposure to these fields so that the amount of exposure received by workers and 
members of the public can be ensured within a safe level and the exposure received is 
justified against the potential hazard that may arise resulting from its usage. 
 
During development of this standard, various findings of reputable scientific researches have 
been referred to and taken into account. In particular, extensive reference has been made to 
the information and recommendations published by International Committee on Non-Ionizing 
Radiation Protection (ICNIRP).  
 
This standard adopts the limits recommended by the International Commission on Non-
Ionizing Radiation Protection with the following reasons: 
 
a) it has been adopted by many countries; 
 
b) recognised by international organisation such as WHO and ILO; 
 
c) to be in harmony with standard being practiced in the world; and 
 
d) the guideline had been systematically studied based on all available research findings. 
 
There is a need for a standard guideline on minimising EMFs exposure to be made available 
so that the problem of EMF hazard can be looked at in more practical and acceptable manner 
and in a way that would benefit everybody.  
 
 

1 Scope 

 
This Malaysian Standard specifies the limits of EMF exposure of frequency up to 3 kHz and 
verification for complying with the limits that will provide protection against known direct and 
indirect adverse health effects. The limits specified in this standard are intended to be used as 
a basis for planning work procedures, designing protective facilities, the assessment of the 
efficacy of protective measures and practices, and guidance on health surveillance. 
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The standard does not apply to the following situations: 
 
a) exposure of the fields generated by static (0 Hz) sources;  
 
b) deliberate exposure of patients undergoing medical treatment or diagnosis using 

electromagnetic fields; 
 
c) exposure of the electromagnetic fields which may have resulted in other potential 

hazard, such as, ignition of explosives or flammable gases, malfunctioning of certain 
kind of cardiac pacemakers or interference with certain electronic equipment; and 

 
d) electromagnetic compatibility (EMC). 
 
 

2 Objectives 
 
The objectives of this standard are as follows: 
 
a) to specify limits of exposure to Extremely Low Frequency (ELF) fields in order to 

prevent adverse human health effects; 
 
b) to specify limits for contact currents to prevent the physical perception of ELF fields 

and ELF shock and burns; 
 
c) to recommend standard equipment and procedures in order to assist in the 

determination of compliance with this standard; 
 
d) to recommend general procedures for ensuring that exposure of the general public and 

of personnel working in the vicinity of ELF sources is not greater than the levels 
specified in this standard; and  

 
e) to recommend working conditions that will lead to high standards of safety for all 

personnel  engaged in the manufacture, operation and maintenance of ELF sources. 
 
 

3 Normative references 
 
The following normative references are indispensable for the application of this standard. For 
dated references, only the edition cited applies. For undated references, the latest edition of 
the normative references (including any amendments) applies. 
 
IEEE Standard 644: 1994, IEEE Standard Procedures for Measurement of Power Frequency 
Electric and Magnetic Field from AC Power Lines  
 
ARPANSA Technical Report 134 (2002), Measurement of Residential Power Frequency 
Magnetic Field 
 
IEC 61786, Measurement of low-frequency magnetic and electric fields with regard to 
exposure of human beings - Special requirements for instruments and guidance for 
measurements 
 
IEC 62233, Measurement methods for electromagnetic and electric fields of household 
appliances and similar apparatus with regard to human exposure 
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4 Definitions 
 
For the purposes of this standard, the following definitions apply. 
 
4.1 Athermal effect 
 
Any effect of electromagnetic energy on a body that is not a heat-related effect. 
 
4.2 Authority having jurisdiction 
 
The organisation, office, or individual responsible for approving equipment, materials, an 
installation, or a procedure. 
 
4.3 Basic restrictions 
 
Mandatory limitations on the quantities that closely match all known biophysical interaction 
mechanisms with tissue that may lead to health effect with an acceptable safety factor. 
 
4.4 Conductivity, electrical 
 
The scalar or vector quantity which, when multiplied by the electric field strength, yields the 
conduction current density; it is the reciprocal of resistivity. Expressed in siemens per meter 
(S/m). 
 
4.5 Controlled area 
 
A controlled area is an area or place in which exposure to fields may reasonably be expected 
to exceed general public limits, and with the following characteristics: 
 
a) the area shall be under the supervision of a competent person;  
 
b) the area may only be entered by persons who are made aware that they are doing so; 

and 
 
c) there shall be signage to clearly indicate: 
 

i) areas where potential exposure is above general public limits; and 
 

 ii) areas where potential exposure is above occupational limits. 
 
4.6 Current density 
 
A vector of which the integral over a given surface is equal to the current flowing through the 
surface; the mean density in a linear conductor is equal to the current divided by the cross-
sectional area of the conductor. Expressed in ampere per square meter (A/m

2
). 

 
4.7 Dielectric constant 
 
See permittivity. 
 
 
 
 
 



MS 2232-1:2009 

4 © STANDARDS MALAYSIA 2009 - All rights reserved 

 
 
 
 
4.8 Dosimetry 
 
Measurement or determination by calculation, of internal electric field strength or induced 
current density, of the specific energy absorption, or specific energy absorption rate 
distribution, in humans or animals exposed to electromagnetic fields. 
 
4.9 Electric field strength 
 
The force (E) on a stationary unit positive charge at a point in an electric field; measured in 
volt per meter (V/m). 
 
4.10 Electromagnetic energy 
 
The energy stored in an electromagnetic field, in joule (J). 
 
4.11 ELF 
 
Extremely low frequency, i.e. frequency below 300 Hz. For the purpose of this standard, the 
frequency is extended to 3 kHz. 
 
4.12 Exposure limit 
 
Exposure limit refers to basic restriction or reference level. Exposures beyond this limit should 
be avoided. 
 
4.13 Frequency 
 
The number of periodic cycles completed by electromagnetic waves in 1 s; usually expressed 
in hertz (Hz). 
 
4.14 Magnetic field strength 
 
An axial vector quantity, H, which, together with magnetic flux density, specifies a magnetic 
field at any point in space, and is expressed in ampere per meter (A/m). 
 
4.15 Magnetic flux density 
 
A vector field quantity, B, that results in a force that acts on a moving charge or charges, and 
is expressed in tesla (T). 
 
4.16 Magnetic permeability 
 
The scalar or vector quantity which, when multiplied by the magnetic field strength, yields 
magnetic flux density; expressed in henry per meter (H/m). 
 
Note.  For isotropic media, magnetic permeability is a scalar; for anisotropic media, it is a tensor quantity. 

 
4.17 Non-ionising radiation (NIR) 
 
Includes all radiations and fields of the electromagnetic spectrum that do not normally have 
sufficient energy to produce ionisation in matter; characterised by energy per photon less than 
about 12 eV, wavelengths greater than 100 nm, and frequencies lower than (3 × 10

15
) Hz. 
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4.18 Occupational exposure 
 
All exposures to EMF experienced by adults in the course of performing their work under 
known conditions and who are trained to be aware of the potential risks and to take 
appropriate precautions where necessary. 
 
4.19 Operational limits 
 
An operational limit is established to limit emission of electromagnetic fields from an 
installation or a facility as a precautionary measure to account for uncertainties involved with 
establishment of reference levels.  
 
4.20 Permittivity 
 
A constant defining the influence of an isotropic medium on the forces of attraction or 
repulsion between electrified bodies, and expressed in farad per meter (F/m); relative 
permittivity is the permittivity of a material or medium divided by the permittivity of vacuum. 
 
4.21 General public exposure 
 
All exposure to EMF experienced by members of the general public, excluding occupational 
exposure and exposure during medical procedures. 
 
The general public comprises individuals of all ages and of varying health status, and may 
include particularly susceptible groups or individuals. In many cases, members of the public 
are unaware of their exposure to EMF. Moreover, individual members of the public cannot 
reasonably be expected to take precautions to minimise or avoid exposure. It is these 
considerations that underlie the adoption of more stringent exposure restrictions for the public 
than for the occupationally exposed population. 
 
4.22 Reference levels 
 
Practical parameters that may be used for determining compliance with the basic restrictions. 
 
4.23 Root mean square (rms) 
 
Certain electrical effects are proportional to the square root of the mean of the square of a 
periodic function (over one period). This value is known as the effective, or root-mean-square 
(rms) value, since it is derived by first squaring the function, determining the mean value of 
the squares obtained, and taking the square root of that mean value. 
 
4.24 Safety factor 
 
A factor used in deriving basic restrictions and referenced levels which provides for the 
protection of exceptionally sensitive individuals, uncertainties concerning threshold effect due 
to pathological conditions or drug treatment, uncertainties in reaction threshold, and 
uncertainties in induction model. 
 
4.25 Wavelength 
 
The distance between two successive points of a periodic wave in the direction of 
propagation, at which the oscillation has the same phase. 
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5 Quantities and units 
 
Whereas electric fields are associated only with the presence of electric charge, magnetic 
fields are the result of the physical movement of electric charge (electric current). An electric 
field, E, exerts forces on an electric charge and is expressed in volt per meter (V/m). Similarly, 
magnetic fields can exert physical forces on electric charges, but only when such charges are 
in motion. Electric and magnetic fields have both magnitude and direction (i.e. they are 
vectors). A magnetic field can be specified in two ways; as magnetic flux density, B, 
expressed in tesla (T), or as magnetic field strength, H, expressed in ampere per meter (A/m). 
The two quantities are related by the expression:  
 

B = μH 
 
where, 

 
B is the magnetic flux density in tesla (T); 
 
H  is the magnetic field strength in amperes per meter (A/m); and 
 
µ  is the magnetic permeability in henry per meter (H/m), in a vacuum and in air, as well as 

in non-magnetic (including biological) materials has the value (4π x 10
-7

) H/m.  
 
Thus, in describing a magnetic field for protection purposes, only one of the quantities B or H 

needs to be specified. 
 
In the near-field region the maximum and minimum of E and H fields do not occur at the same 
points along the direction of propagation. The electromagnetic field structure may be highly 
inhomogeneous, and there may be almost pure E fields in some regions and almost pure H 
fields in others. Both E and H fields shall be measured for the determination of exposure 
limits. Exposure to time-varying EMF results in internal body currents and energy absorption 
in tissues that depend on the coupling mechanisms and the frequency involved. The internal 
electric field and current density are related by Ohm’s Law: 
 

J = σE, 
 
where, 
 
J  is current density in A/m

2
; 

 
σ is the electrical conductivity of the medium in S/m; and 
 
E is electric field in V/m. 
 
 

6  Exposure limits for ELF EMF 
 
These limits are defined in terms of basic restrictions and their derived reference levels, which 
are readily measured to verify compliance with the basic restrictions. The standard also 
specifies methods for complying with the limits that will provide protection against known 
adverse health effects of ELF EMF. The exposure limits are described under occupational 
exposure and general public exposure. 
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6.1 Occupational exposure 
 
Occupational exposure refers to adults who are generally exposed under known conditions 
and are trained to be aware of potential risk and to take appropriate precautions.  
 
6.2 General public exposure  
 
The general public comprises individuals of all ages and of varying health status, and may 
include particularly susceptible groups or individuals. In many cases, members of the public 
are unaware of their exposure to EMF. Moreover, individual members of the public cannot 
reasonably be expected to take precautions to minimize or avoid exposure. It is these 
considerations that underlie the adoption of more stringent exposure restrictions for the public 
than for the occupationally exposed population. 
 
6.3 Biological effect 
 
Theoretically it is known that ELF fields are a very weak source of electromagnetic fields with 
the amount of energy they carry is not even enough to damage the basic structures of a body 
such as deoxyribonucleic acid (DNA), protein and other biological molecules. The only known 
way that ELF fields interact with living tissues is by inducing electric fields and currents in 
them. However, the magnitude of these induced currents from exposure to ELF fields at 
levels normally found in our environment is less than the currents naturally occurring in the 
body. Therefore, it is strongly believed that the fields on their own may not be able to cause 
any harmful effect to human beings. However, there is a theory that the fields may act as a 
promoter instead of an initiator of the potential adverse health effects, i.e. it may promote 
induction of health effects, in particular, cancer initiated by other carcinogens such as 
pollutants, chemicals, ionising radiation etc. 
 
Laboratory studies on animals and cell cultures have shown that low-level magnetic fields can 
have effects on several biological processes. For example, they may alter hormone and 
enzyme levels and the rate of movement of some chemicals through living tissue. By 
themselves, these changes do not appear to constitute a health hazard. It is not confirmed, in 
the long term, whether they may have an effect on the incidence of cancer or other adverse 
health effects. While most studies have produced inconclusive results or no increased cancer 
incidence in laboratory animals following exposure to ELF fields, a few studies have indicated 
an increased incidence. 
 
To determine if there is a health risk in the human population from some, as yet, unknown 
cause of ELF fields exposure, scientists use the discipline called epidemiology, i.e. the study 
of occurrence and distribution of disease in the population. The study makes a comparison of 
the suspected disease pattern between the exposed group and the control (non-exposed) 
group. The results of these studies to date have indicated either no association or a weak 
association with adverse health effects. Those few studies which do indicate an increased 
cancer risk claim a relative risk ratio of 2 to 3. Most epidemiologists consider a single study 
with a relative risk ratio less than 3 as not significant. Thus, because of the small risk ratios 
found there is room for debate about whether a health hazard exists at all as a result of 
exposure to ELF fields. 
 
As far as human exposure to ELF fields is concerned, it can generally be concluded that 
studies so far have consistently shown that there is no evidence that prolonged exposure to 
low-level magnetic fields, such as, those found in houses or in most work places, results in 
adverse health effects. Whether chronic exposure to low-level magnetic fields is equally 
harmless remains uncertain. There is, however, no evidence that these fields cause 
immediate permanent harm. 
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There appears to be no complete and consistent picture of the association of the ELF fields 
exposure and cancer risk from the outcomes of the research studies so far. As a result of this 
uncertainty, scientists and prominent national responsible agencies have unanimously agreed 
that the available evidence is too inconsistent and contradictory to either confirm or rule out 
the adverse health effect caused by ELF fields, and more concrete data and evidence are 
needed before a definite conclusion can be made on the issue. 
 
6.4 Basic restrictions  
 
Restrictions on the effects of exposure to ELF fields are based on current density to prevent 
effects on the nervous system functions. These restrictions are termed as basic restrictions. 
The physical quantity used to specify the basic restrictions on exposure to ELF fields is 
current density. Table 1 provides basic restriction for frequencies up to 3 kHz. Protection 
against adverse health effects requires that these basic restrictions are not exceeded.   
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Table 1.  Basic restrictions for time-varying electric, magnetic and electromagnetic 
fields for frequencies up to 3 kHz 

 

Exposure 

characteristics 

Frequency 

range 

Current density 

(head and trunk) 

(mA/m
2
) 

(rms) 

Up to 1 Hz 8 

1 Hz - 4 Hz 8/ƒ 

4 Hz - 1 kHz 2 

 

 

General public 

1 kHz - 3 kHz ƒ/500 

Up to 1 Hz 40 

1 Hz - 4 Hz 40/ƒ 

4 Hz - 1 kHz 10 

 

 

Occupational 

1 kHz - 3 kHz ƒ/100 

 
NOTES: 
 
1. ƒ is the frequency measured in Hertz.  
 
2. Current densities should be averaged over a cross section of 1 cm

2 
perpendicular to the current direction due to 

electrical inhomogeneity of the body. 

3. For measurement in frequencies up to 3 kHz, values of peak current density may be obtained by multiplying the 

rms value by 1.414)tely  (approxima  2 . 

 
4. For measurement in frequencies up to 3 kHz and for pulsed magnetic fields, the highest current density related to 
the pulses may be calculated from the rise/fall times and the highest rate of change of magnetic flux density. 
Therefore, the induced current density can then be compared with the appropriate basic restriction.  
 

 
6.5 Reference levels 
 
Basic restriction, applied to biological tissues or parts of the body, are specified as quantities 
that are often difficult, and in many cases, impractical to measure for compliance verification. 
Therefore, another set of indicative limits termed as reference level applied to unperturbed 
ambient electric and magnetic fields, utilising quantities that are more practical to measure, 
are provided as an alternative means of showing compliance. Compliance with all reference 
levels given in these guidelines will ensure compliance with basic restrictions. If measured 
values are higher than reference levels, it does not necessarily follow that the basic 
restrictions have been exceeded, but a more detailed analysis is necessary to assess 
compliance with the basic restrictions. Table 2 provides reference levels for occupational 
exposure and Table 3 provides reference levels for public exposure. 
 
 
 



MS 2232-1:2009 

10 © STANDARDS MALAYSIA 2009 - All rights reserved 

 
 
 
 

Table 2.  Reference levels for occupational exposure to time-varying electric 
and magnetic fields (unperturbed rms values) for frequencies up to 3 kHz 

 

 
Frequency range 

 

 
E-field strength 

(V/m) 
 

 
H-field strength 

(A/m) 

 
B-field 

(µT) 

 
Up to 1 Hz 

 

- 
 

1.63 x 10
5
 

 
2 x 10

5
 

 
1 Hz - 8 Hz 

 
20 000 1.63 x 10

5
/f 

2
 

2 x 10
5
/f 

2
 

 

 
8 Hz - 25 Hz 

 
20 000 2 x 10

4
/f 2.5 x 10

4
/f 

 
0.025 kHz - 0.82 kHz 

 
500/f 20/f 25/f 

 
0.82 kHz - 3 kHz 

 
610 24.4 30.7 

 
NOTES: 
 
1. ƒ as indicated in the frequency range column. 
 
2. Provided that basic restrictions are met and adverse indirect effects can be excluded, field strength values may be 
exceeded. 
 
3. For peak values at frequencies up to 3 kHz, see Table 1, Note 3. 
 
4. No E-field value is provided for frequencies < 1 Hz, which are effectively static electric fields. Electric shock from 
low impedance sources is prevented by established electrical safety procedures for such equipment. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MS 2232-1:2009 

© STANDARDS MALAYSIA 2009 - All rights reserved 11 

 
 
 
 

Table 3.  Reference levels for general public exposure to time-varying electric and 
magnetic fields (unperturbed rms values) for frequencies up to 3 kHz 

 

Frequency range 
E-field strength 

(V/m) 
H-field strength 

(A/m) 
B-field 

(µT) 

 
Up to 1 Hz 

 
- 3.2 x 10

4
 4 x 10

4
 

 
1 Hz - 8 Hz 

 
10 000 3.2 x 10

4
/f 

2
 4 x 10

4
/f 

2
 

 
8 Hz - 25 Hz 

 
10 000 4 000/f 5 000/f 

 
0.025 kHz - 0.8 kHz 

 
250/f 4/f 5/f 

 
0.8 kHz - 3 kHz 

 
250/f 5 6.25 

 
NOTES: 
 

1. f as indicated in the frequency range column. 

 
2. For peak values at frequencies up to 3 kHz, see Table 1, Note 3. 
 
3. No E-field value is provided for frequencies < 1 Hz, which are effectively static electric fields. Perception of surface 
electric charges will not occur at field strengths less than 25 kV/m. Spark discharges causing stress or annoyance 
should be avoided. 
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Figure 1.  Reference levels for exposure to time-varying electric fields 
(compare Tables 2 and 3) 

 

 
 

Figure 2: Reference levels for exposure to time-varying magnetic fields 
(compare Tables 2 and 3) 
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6.5.1 Time-varying contact current 
 
For the frequency range of up to 3 kHz, the reference levels for contact current are given in 
Table 4, above which caution shall be exercised to avoid shock and burn hazards. Since the 
threshold contact currents that elicit biological responses in children and adult women are 
approximately one-half and two-thirds, respectively, of those for adult men, the reference 
levels for contact current for the general public are set lower by a factor of two than the values 
for occupational exposure. 
 
 

Table 4.  Reference levels for time-varying contact currents from conductive objects 
 

Exposure characteristics Frequency range Maximum contact current 
(mA) 

Up to 2.5 kHz 1.0 Occupational exposure 

2.5 kHz - 3 kHz 0.4f 

Up to 2.5 kHz 0.5 General public exposure 

2.5 kHz - 3 kHz 0.2f 

 

NOTE. f is the frequency in kHz. 

 

 
6.6 Operational limits 
 
The authority having jurisdiction may establish suitable operational limits lower than the 
reference level stated in 6.5.  
 
 

7 Simultaneous exposure to multiple frequency fields 
 
It is important to determine whether, in situations of simultaneous exposure to fields of 
different frequencies, these exposures are additive in their effects. Additivity should be 
examined separately for the effects of electrical stimulation, and the basic restrictions below 
should be met. The formulae below apply to relevant frequencies under practical exposure 
situations. 



MS 2232-1:2009 

14 © STANDARDS MALAYSIA 2009 - All rights reserved 

 
 
 
 
7.1  Basic restrictions  
 
For electrical stimulation, relevant for frequencies up to 3 kHz, induced current densities 
should be added according to the following requirement: 
 
 

 1

kHz 3

Hz  1

≤∑
= i i L,

i

J

J
 

 
where, 
 
Ji  is the current density induced at frequency i; and 
 
JL, i is the induced current density restriction at frequency i as given in Table 4. 
 
NOTE.  For practices which involve frequencies greater than 3 kHz, refer to equation stated in 6.1.1 of MS XXXX Part 
2. 

 
7.2 Reference levels 
 
For induced current density and electrical stimulation effects, relevant up to 3 kHz, the 
following two requirements should be applied to the field levels: 
 
 

1

kHz 3

Hz  1

≤∑
= i i L,

i

E

E
 

 
and 

 

1

kHz 3

Hz  1

≤∑
= i j L,

j

H

H
 

 
 
where, 
 
Ei  is the electric field strength at frequency i; 
 
EL, i  is the electric field reference level from Tables 2 and 3; 
 
Hj  is the magnetic field strength at frequency j; and 
 
HL, j  is the magnetic field reference level from Tables 2 and 3. 
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For contact current, at frequencies up to 3 kHz, the following requirements should be applied: 
 
 

1

kHz 3

Hz  1

≤∑
= n n C,

n

I

I
 

 
where, 
 
In  is the contact current component at frequency n; and 
 
IC, n  is the reference level of contact current at frequency n (see Table 4). 
 
NOTE.  For practices which involve frequencies greater than 3 kHz, refer to equation stated in 6.2.1 of Part 2 of MS 
XXXX Part 2. 

 
The above summation formulae assume worst-case conditions among the fields from the 
multiple sources. As a result, typical exposure situations may in practice require less 
restrictive exposure levels than indicated by the above formulae for the reference levels. 
 
 

8 Verification of compliance with the exposure limits and related 
measurements 
 
8.1 General 
 
The basic restrictions are specified through quantities that are often difficult and, in many 
cases, impractical to measure. Therefore, reference levels of exposure, which are simpler to 
measure, are provided as an alternative means of showing compliance with the basic 
restrictions. The reference levels have been conservatively derived from the basic restrictions 
such that compliance with these levels will ensure compliance with the basic restrictions. If 
measured exposures are higher than the reference levels, it does not necessarily imply that 
the basic restrictions have been exceeded, but a more detailed analysis is required to show 
compliance with the basic restrictions. 
 
Compliance of the basic restrictions or the reference levels specified in 6.4 and 6.5 for 
workers and the general public shall be verified by direct measurements of the presence of 
the electric and magnetic fields or by evaluation. These basic restrictions or the reference 
levels shall be considered to have been complied with when results of the measurements or 
evaluation indicate that the electric and magnetic field levels are below those specified in 6.4 
and 6.5 respectively.  
 
Measurements or evaluation to prove compliance with this standard shall be made by an 
appropriately qualified and, experienced person or authorised body. Measurements or 
evaluation shall be carried out according to measurement protocol and method listed below: 
 
a) IEC 62233 for evaluating electric field strength and magnetic flux density around 

household and similar electrical appliances, including the conditions during testing as 
well as measuring distances and positions; 

 
b) IEC 61786 for measuring steady-state rms values of quasi-static magnetic and electric 

fields in the range 15 Hz to 9 kHz; 
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c) IEEE Standard 644:1994 for the measurement of power frequency electric and magnetic 

fields from AC overhead power lines and for calibration of meters used in this 
measurement; and 

 
d) ARPANSA Technical Report 134: March 2002. 
 
Results of the measurements or evaluation shall remain valid for a period to be determined by 
the testing body and shall be considered invalid when modification is made to the system or 
equipment after the verification process that may increase the electric and magnetic level of 
exposure received by people. 
 
Measurements of evaluations of occupational exposure shall be made in areas, which are 
known to be accessible by workers to ensure that the basic restrictions or the reference levels 
are not exceeded. Where the electric and magnetic field levels vary from day to day and may 
exceed the basic restrictions, a measurement or evaluation shall be performed under those 
conditions, which are expected to represent the most probable maximum exposures.  
 
In areas that are accessible by members of the public, measurements or evaluation of 
exposure shall be made to ensure that the basic restrictions or the reference levels allowed 
for the general public are complied with. 
 
8.2 Measurement records 
 
Measurement results shall be kept in a proper record and made available for inspection by 
authority having jurisdiction. 
 
 

9 Protective measures 
 
Those responsible for all activities that will result in exposure to electric and magnetic fields 
shall ensure compliance with all aspects of this standard.  
 
Measures for the protection of workers include engineering and administrative controls, 
personal protection programs, and medical surveillance. Appropriate protective measures 
shall be implemented when exposure in the workplace results in the basic restrictions being 
exceeded. Engineering controls should be given priority and undertaken wherever possible to 
reduce device emissions of fields to acceptable levels. Such controls include good safety 
design and, where necessary and possible, the use of interlocks or similar health protection 
mechanisms. 
 
Administrative controls, such as limitations on access and the use of audible and visible 
warnings, should be used in conjunction with engineering controls. Personal protection 
measures, such as wearing personal protective equipment, though useful in certain 
circumstances, should be regarded as a last resort to ensure the safety of the worker; priority 
should be given to engineering and administrative controls wherever possible. It is important 
to note that personal protective equipment which are normally used to protect individuals 
against ordinary hazards do not normally provide similar protection against electric and 
magnetic fields.  
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With the exception of protective clothing and other personal protection, the same measures 
can be applied to the general public whenever there is a possibility that the general public 
reference levels might be exceeded. It is also essential to establish and implement rules that 
will prevent: 
 
a) interference with medical electronic equipment and devices (including cardiac 

pacemakers); 
 
b) detonation of electro-explosive devices (detonators); and 
 
c) fires and explosions resulting from ignition of flammable materials by sparks caused by 

induced fields, contact currents, or spark discharges. 
 
9.1 Managing risk in occupational exposure 
 
The following people shall ensure that the hazards associated with exposure to ELF fields are 
managed: 
 
a) employers; 
 
b) owners and operators of ELF fields generating sources; 
 
c) people in control of workplaces; 
 
d) designers, manufacturers and suppliers of ELF fields generating sources; and 
 
e) self-employed persons. 
 
The persons listed above are to ensure that the hazards associated with exposure to ELF 
fields and ELF-generating sources are managed by a risk management process as listed in 
9.1.2. 
 
9.1.1 Workplace policy 
 
The risk management process shall be established, implemented and shall be documented in 
a written workplace policy that expresses the commitment of all parties. The policy shall 
identify the risks, specify the procedures that may be implemented to control and manage 
them, and identify those responsible for that implementation. 
 
9.1.2 Risk management process 
 
The risk management processes should include the following: 
 
a) identification of the hazards. This step should include identification of the ELF sources 

and other objects where currents and voltages are induced and become potential 
sources of shock and burns; 

 
b) assessment of the risk. This step includes assessment of exposure levels, comparison 

to the relevant limits and consideration of both the likelihood and severity of the 
consequence(s) of the hazard; 

 
c) choice of the most appropriate control measures to prevent or minimise the level of risk. 

The control/s chosen shall not cause other hazards; 
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d) implementation of the chosen control measures. This step shall include maintenance 

requirements to ensure the ongoing effectiveness of the control/s and training on the 
control measures for workers potentially exposed to ELF fields; and 

 
e) monitoring and reviewing the effectiveness of the control measures. The monitoring and 

review process shall assess whether the chosen controls have been implemented as 
planned, that the control measures are effective and have not introduced new hazards 
or worsened existing hazards. 

 
9.1.3 Control measures 
 
Where there is potential for exposure above the limits, the hazard shall be managed through 
application of the most appropriate control measures as indicated below. The control 
measures higher in the priorities are usually more effective than those lower, and shall be 
given greater consideration accordingly. In order of priority, the control measures are as 
follows: 
 
a) elimination of the hazard. If this is not practical, exposure to the risk shall be prevented 

or minimised by one or a combination of the control measures described in (b), (c), (d) 
and (e); 

 
b) substitution of a less hazardous (and more manageable) process or less hazardous 

equipment or plant; 
 
c) engineering controls including redesign of equipment or work processes and/or 

isolation of the hazard. Examples include: shielding, fail-safe interlocks, earthing of 
large metallic objects, built-in leakage detectors and alarms; 

 
d) introduction of administrative controls such as signage restricting access or defining 

exposure limit boundaries, safe work systems or down-powering or outages. 
Administrative controls may be used in combination with higher level controls;  

 
e) use of appropriate personal protective equipment. All relevant workers shall be 

provided with the appropriate personal protective equipment. They shall be trained to 
ensure that they have a clear understanding on the correct usage and limitations of the 
protective personal equipment (PPE). In addition, the personal protective equipment 
shall be maintained and replaced as specified by the manufacturer to ensure it is kept 
in good condition so that its effectiveness is not compromised; and 

 
f) for situations where exposures of workers are anticipated to exceed occupational 

exposure limits, personnel exposure measurements shall be carried out and recorded, 
as specified in 9.4. 

 
9.1.4 Training and supervision 
 
Workers shall be trained in safe work practices, and supervised where appropriate. They shall 
also be trained on the control measures that are in place to manage the potential ELF 
hazards. There shall be appropriate procedures in place to ensure that safe working practices 
are implemented. 
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9.1.5 Restriction on workers with implanted medical devices 
 
There shall be procedures in place to ensure that persons who are occupationally exposed 
above the basic restrictions for public who have medical devices susceptible to ELF 
interference or metallic implants, are not put at risk by their exposure. It is advisable that such 
persons inform the medical or safety officer who will then assess the risk exposure to the 
safety of the person and if deemed necessary relocate the person or equipment.  
 
9.1.6 Notification to authority having jurisdiction 
 
The authority having jurisdiction shall be notified where there is a possibility for the public or 
workers to be exposed to levels that exceed the relevant limits.  
 
9.1.7 Assessment of reference levels 
 
The presence of ELF fields shall be assessed to ensure that they comply with the reference 
levels. Advice on measurement of exposures relevant to the reference levels is given in 
Clause 8. 
 
9.2 Pregnancy 
 
In order to reduce the risk of accidental exposure above occupational limits a pregnant 
woman shall not be exposed to levels of ELF fields above the limits for general public. 
Occupationally exposed women who are pregnant shall notify their employers when they 
become aware of their pregnancy. After such notification, they shall not be exposed to ELF 
fields exceeding the general public limits. 
 
Relevant policies for minimising exposure to pregnant workers shall be established and 
implemented where necessary. These policies shall include, but are not limited to, reasonable 
accommodation/adjustment (or temporary transfer to non-ELF work without loss of 
employment benefits.  
 
Special considerations for protection of pregnant workers shall be reflected in the workplace 
policy. 
 
9.3 Provision of information to employees 
 
The management shall be responsible to inform all workers on the following: 
 
a) the precautions and procedures to be followed if they become pregnant, or have 

received metallic implants or medical devices during the time they are engaged in ELF 
work; 

 
b) the known biological effects of ELF fields as published by the World Health 

Organization; 
 
c) the procedures to be followed in the event of any over-exposure; and  
 
d) to consult a medical practitioner and provide information on ELF in the event they fall ill 

due to suspected exposure to ELF fields. 
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9.4 Personnel records 
 
The personnel files of workers who are occupationally exposed to ELF fields as stated in 
9.1.3 f) shall be identified and maintained so that retrospective health enquiries can be made. 
Such files shall be retained for the full duration of employment. 
 
9.5 Post incident exposure management 
 
A plan for medical management of any case of over-exposure should be developed in 
advance. 
 
The following plan of action is suggested as appropriate in the event of ELF fields over-
exposure (proven or suspected): 
 
a) first aid treatment should be obtained from the nearest first aider, doctor or hospital as 

required for burns or other injuries; 
 
b) employers should arrange for workers suspected or confirmed as over exposed to ELF 

fields to be medically assessed as soon as possible after the over exposure, in 
conjunction with a medical specialist knowledgeable in medical effects of exposure to 
ELF fields; 

 
c) a record of the over-exposure, the results of medical treatment, medical examinations, 

or assessment and follow up as advised by professional advisers, should be made in 
the worker’s personnel file; 

 
d) the employer shall ensure the workers is fully advised and understands the nature of 

the over-exposure incident and the nature and reasons for the post incident 
management of it; 

 
e) the over-exposure or incident shall be investigated to determine the level and extent of 

exposure, and which parts of the body were possibly exposed in the ELF fields. This 
information should be recorded as specified in (c) above. Appropriate corrective action 
or changes to procedures need to be instituted as soon as is reasonably practicable, 
with regard to preventing future over-exposures to any worker in similar situations; and 

 
f) notification and recording of the over-exposure shall be done. 
 
9.6 Protection of the general public 
 
Measures for the protection of members of the general public who may be exposed to ELF 
fields due to their proximity to ELF sources shall include the following: 
 
a) determination of the boundaries of areas where general public exposure limits may be 

exceeded; 
 
b) restriction of public access to those areas where the general public exposure limits 

may be exceeded; 
 
c) appropriate provision of signs or notices; 
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d) notification to the authority having jurisdiction, as required, in the event of the exposure 

exceeding the relevant limits; and 
 
e) minimising, as appropriate, ELF exposure provided this can be readily achieved at 

reasonable expense. Any such precautionary measures should follow good 
engineering practice and relevant codes of practice.  

 
 

10 Precautionary principles 
 
In light of numerous uncertainties associated with the health effects caused by chronic 
exposure to low level ELF fields, the concept and approach of prudent avoidance seems to be 
appropriate and practical to apply for an immediate passive control of the EMF exposure of 
the workers and the general public. There are many ways to control and minimise exposure to 
ELF fields and some of them are readily available and can easily be done without any extra 
cost involved.  
 
For instance, such control can be achieved by just having a proper planning and arrangement 
of wire and cables during construction and placement of certain facilities and equipment that 
generate high EMF away from any residential areas and places occupied by members of the 
public. Places like kindergartens, schools, hospitals and old folk homes should not be located 
near any power stations, sub-stations and high tension overhead powerlines. 
 
It is also prudent to have a buffer zone around a sub-station, which can provide adequate 
distance for reduction of the ELF fields to the nearest residential areas. Since big 
transformers used to step-down incoming electricity supply to buildings can generate very 
high magnetic fields, it is also advisable for these facilities to be grouped together and placed 
in an isolated building away from any buildings occupied by the general public. 
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Annex A 
(informative) 

 
 

Measurement of electric and magnetic fields from  
overhead AC power transmission lines 

 
 

A1 Introduction 
 
Measurements or evaluation to prove compliance with this standard should be made by an 
appropriately qualified and, experienced person or authorised body. The procedure for 
measuring electric and magnetic fields from overhead power transmission lines and the 
calibration of the meters used in the measurement can be referred to IEEE Standard 644. 
This annex is aimed at providing a brief description of the procedure as stated in the 
standard.  
 
 

A2 Electric field strength meter 
 
Two types of meters used to measure the electric field strength from AC power transmission 
lines are as follows: 
 
a) free body meter by measuring the steady-state induced current or charge oscillating 

between two halves of an isolated conductive body in an electric field; and 
 
b) ground-reference type meter by measuring the current-to-ground from a flat probe 

introduced into an electric field. 
 
The free-body meter is suitable for survey-type measurement because it is portable, allows 
measurements above the ground plane, and does not require a known ground reference.  
This type of meter is recommended for outdoor measurements near power transmission lines. 
 
Basically, an electric field strength meter consists of two parts, the probe and the detector. 
For the free-body meter used, the detector is an integral part of the probe. The probe and 
detector are introduced into an electric field on an insulating handle. The detector measures 
the steady-state induced current or charge oscillating between the conducting halves 
(electrodes) of the probe. 
 
The observer should be sufficiently away from the probe to avoid significant perturbation of 
the electric field at the probe. The size of the probe used is such that the charge distributions 
on the boundary surfaces generating the electric field (energised and ground surfaces) are, at 
most, weakly perturbed when the probe is introduced for measurement.  
 
The electric field should be approximately uniform in the region where the probe is introduced. 
Probes can be of any shape. The meters are calibrated to read the root mean square (rms) 
value of the power frequency electric field component along the electrical axis (the axis of 
greatest electric field strength sensitivity).  
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A3 Electric field strength measurement procedures 
 
The electric field strength under power transmission lines should be measured at a height of 1 
m above ground level. Measurements at other heights of interest shall be explicitly indicated. 
The probe should be oriented to read the vertical E-field, because this quantity is often used 
to characterize induction effects in objects close to ground level. The distance between the 
electric field strength meter and operator should be at least 2.5 m (8 ft). This distance will 
reduce the proximity effect (shading E-field) of a grounded 1.8 m (6 ft) tall observer to 
approximately between 1.5 % and 3 %. 
 
In instances where larger proximity effects are considered acceptable, the observer distance 
may be reduced. In such cases, the distance shall be explicitly noted. 5 % proximity effects 
occur when the observer distance is approximately between 1.8 m (5.9 ft) and 2.1 m (6.9 ft) 
away from the meter. The actual value will depend on the geometry of the observer-meter-
power transmission line combination. Because observers are normally near ground potential, 
the proximity effects indicated previously can be regarded as typical. The observer will 
introduce less perturbation when standing in the region of lowest electric field strength while 
performing the measurement. 
 
The distance between the meter and nonpermanent objects shall be at least three times the 
height of the object in order to measure the unperturbed field value. The distance between the 
meter and permanent objects should be approximately 1 m or more to ensure sufficient 
measurement accuracy of the ambient perturbed field. 
 
A3.1 Lateral profile measurement 
 
The lateral profile (see Figures A1 and A2) of the electric field strength at points of interest 
along a span should be measured at selected intervals in a direction normal to the line at 1 m 
above the ground level. Measurements of the lateral (half) profiles should begin from the 
center line in the area of interest and be made to a lateral distance of at least 30 m (100 ft) 
beyond the outside conductor. At least five equally spaced measurements should be 
performed while under the conductors. It is recommended that profiles be plotted in the field 
to determine if adequate detail has been obtained. Complete profile measurements should 
commence in the region of interest beyond the outer conductor and progress successively to 
the opposite side of the right-of-way. Several final measurements repeated at some 
intermediate points will provide some indication of possible change in line height, load, or 
voltage during the course of measurements. Local time should be recorded on the data sheet 
periodically during the measurements to facilitate later review of the data together with the 
recorded line voltage and load data. 
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NOTE. The symbols (h1, S12, etc.) represent conductor heights and spacings. 

 
Figure A1.  Example of lateral profile of vertical E-field strength at midspan 

 
 
A3.2 Longitudinal profile measurement 
 
The longitudinal profile (see Figure A2) of the field strength should be measured where the 
field is greatest at midspan or other points of interest, as determined from the lateral profile, 
parallel with the line and 1 m above the ground level. Measurements of the longitudinal profile 
should be made at least at five nearly equal consecutive increments from a point at midspan 
in both directions for a total distance equal to one span. 
 
 
 

 
 

Figure A2.  Typical plan view with heights of permanent nearby objects 
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A4 Magnetic field meters 
 
Magnetic flux density (or magnetic field) meters consist of two parts, the probe or field 
sensing element, and the detector, which processes the signal from the probe and indicates 
the rms value of the magnetic field. Magnetic field probes consist of an electrically shielded 
coil of wire (single axis probe) or three orthogonally oriented coil probes (three-axis meter) 
that simultaneously measures the rms values of the three spatial components and combines 
them to give the resultant magnetic field. Magnetic field meters measure the component of 
the oscillating (linearly polarised) or rotating (elliptically or circularly polarised) magnetic field 
vector that is perpendicular to the area of the probe(s). 
 
 

A5 Magnetic field measurement procedures 
 
The magnetic field under power transmission lines measured at a height of 1 m above ground 
level. Measurements at other heights of interest shall be explicitly indicated. Field meters with 
single-axis probes shall be oriented to measure the maximum reading. Alternatively, field 
meters with three-axis probes may be used to measure the resultant magnetic field. 
Horizontal and vertical field components may be measured when required for comparisons 
with calculations or for calculating induction effects in fences, etc. In all cases, when reporting 
measurement results, the quantity being reported (e.g. the maximum magnetic field or the 
resultant magnetic field) shall be clearly indicated. 
 
It should be noted that during measurements of elliptically polarised fields, the resultant 
magnetic field will be greater than the maximum magnetic field. The largest difference occurs 
for the case of circular polarisation when the resultant magnetic field exceeds the maximum 
field by 41 %. 
 
The operator may stay close to the probe. Non permanent objects containing magnetic 
materials or nonmagnetic conductors should be at least three times the largest dimension of 
the object away from the point of measurement in order to measure the unperturbed field 
value. The distance between the probe and permanent magnetic objects should not be less 
than 1 m in order to accurately measure the ambient perturbed field. 
 
Non magnetic metal objects will develop eddy currents due to the time variation of magnetic 
flux. The magnetic fields generated by these eddy currents will vary as the inverse third power 
of distance for large distances compared to the dimensions of the metal object. 
 
To provide a more complete description of the B-field at a point of interest, measurement of 
the maximum and minimum fields with their orientations in the plane of the field ellipse can be 
made. 
 
A5.1 Lateral Profile Measurement 
 
The procedures for E-field measurements (see A3.1) should be followed. 
 
A5.2 Longitudinal Profile Measurement 
 
The procedures for E-field measurements (see A3.1) should be followed. 
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A6 Reporting field measurements 
 
The background information, such as environmental conditions (e.g. temperature, humidity, 
ground cover), power transmission line parameters (e.g. line voltages and currents, conductor 
geometry, measurement locations), and instrumentation used should be recorded. Depending 
on the measurement objectives (e.g. comparison of lateral profile with theoretical prediction 
vice versa measurement of a lateral profile), more or less information may be required. Plots 
of electric and magnetic fields as depicted in Figure A1 are recommended. A plan view similar 
to that shown in Figure A2 is also recommended to provide further details of environmental 
conditions and line parameters. 
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