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n Introduction
Static electricity poses a real threat to hu-
man life, health and material resources. 
This risk is present in many spheres of 
human activity, especially in working en-
vironments where electrostatic fields and 
discharges may cause fire or explosions, 
as well as disturbances in the production 
process [1].

Personal protective equipment, which in 
substance is designed to protect people, 
may become a source of danger itself if 
it is made of an inappropriate material or 
used in an incorrect way. Among other 
items, this concerns protective clothing 
made of material that may become elec-
trified, and especially, which could cause 
the dangerous charging of the human 
body. However, clothing material which 
charges itself, especially when it is worn, 
causes practically no risk, because the 
energy of the discharge from the material 
surface is relatively low. Not only is it a 
result of the usually small conductivity 
of the clothing material, which entails 
an insignificant charge released in the 
discharge, but also of the large electric 
capacitance of the clothing-human body 
system which, at a given level of material 
charging expressed as charge Q, causes 
the reduction of the electrostatic voltage 
U produced in this system, as indicated 
in Figure 1. 

However, the generation of an electrostat-
ic charge on the human body, is very dan-
gerous because of its relatively high con-
ductivity, which may cause high-energy 
discharges, usually in the form of sparks. 

The charged human body has caused 
many fires and explosions, especially in 
the chemical industry and in the plants 
that process or use flammable or ex-
plosive chemical products. It cannot be 
ruled out, for example, that the explo-
sion which occurred on 3 May 2003 in 
the fuel tank at the Gdańsk Refinery and 
resulted in human death and large mate-
rial losses was caused by an electrostatic 
discharge on an employee’s body, which 
might have been an effect of wearing 
the wrong kind of protective clothing. 
Strong fields and electrostatic discharges 
that occur in the same conditions may 
also cause accidents among the produc-
tion personnel (injuries as a result of 
uncontrolled reactions during an electric 
shock) and damage the systems contain-
ing sensitive microelectronic devices 
(diagnostic, measuring and control ap-
paratus, equipment used for the storage 
and transmission of information, etc.). 
An important, although seldom consid-
ered aspect is that electrostatic fields may 
have also a dangerous influence on hu-
mans. Many reports show that such fields 
are not biologically inactive. The human 
body’s electrical charging, together with 

the clothing worn, causes acute discom-
fort (due to strong discharges), in par-
ticular during the heating season when 
extremely low air humidity in non-air-
conditioned spaces causes a significant 
increase in the material’s resistance, and 
makes it impossible for the generated 
charge to decay sufficiently quickly.

Whether an accident occurs with the par-
ticipation of a human being (fire and/or 
explosion, disturbances in the techno-
logical process or in the use of products, 
hazardous biological effects) depends on 
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Figure 1. The effect of lowering the potential 
difference (U) in the clothing-human body 
system as a result of a large electric 
capacitance (Cu) at the constant level of 
material charging (charge Q), constant 
area of contacting surfaces (S) and constant 
distance (d) between them. 
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the probability of the risk’s occurrence, 
as is illustrated by the general block 
scheme in Figure 2. 

The conditions for a potential risk arise 
when a material, a product, an object or 
a human body achieves a ‘critical’ charg-
ing level (the highest allowable), when 
a possibility of dangerous discharges or 
the hazardous effects of an electrostatic 
field must be considered. The real dan-
ger occurs only at the moment when a 
given state lasts long enough to result in 
a spark discharge of an adequately high 
energy. The conditions for the processes 
of charging and charge decay may be ex-
pressed in a descriptive (logical) way, or 
by means of parameters with appropriate 
numeric values.

 The criteria for risk evaluation 
and the principles 
of protection against static 
electricity

The criteria for risk evaluation are the 
determinants of the possibility of acci-
dents caused by electrification [3]. As a 
rule, these are based on the border values 
of parameters, i.e. the highest and the 
lowest allowable parameter values that 
define, for example:

n the properties of materials that in-
fluence their chargeability (electric 
conductivity and permittivity, shape, 
dimensions and other)

n the properties of the surrounding en-
vironment that influence the ability to 
maintain the charging conditions and 
to ignite or explode (air humidity and 
temperature, minimal ignition energy 
of gases, vapours or dusts that create 
explosive mixtures with air);

n the conditions of the process, or the 
conditions and method of performing 
a given technological operation (e.g. 
temperature and pressure, the moving 
speed of a material or an object, the 
way of generating friction) that influ-
ence the intensity of electrification;

n the maximum level of a material/
product/object’s charging;

n the maximum time of maintaining the 
condition of charging;

n the maximum charging energy for a 
given system or energy of electrostatic 
discharges. 

The criteria for risk evaluation may be 
also applied to evaluate the effectiveness 
of anti-(electro) static protection. The 
strictest protection requirements concern 
hazardous explosive atmospheres, classi-

fied in accordance with standard PN-EN 
1127-1:2001 p. 6.3. As a rule, meeting 
these requirements ensures effective 
protection against static electricity in any 
service conditions. If there is a need to 
eliminate other harmful effects of static 
electricity outside the explosion-prone 
areas, it is usually sufficient to meet much 
less demanding requirements in order to 
achieve effective anti-electrostatic pro-
tection. The criteria for risk evaluation 
and the corresponding protection require-
ments can be found in a series of Polish 
Standards under the common title ‘Pro-
tection against static electricity’ [5-10].

The table below contains a list of the 
more important requirements as regards 
protection against static electricity in ac-
cordance with Polish Standards. These 
requirements may be adopted in order, 
among other objectives, to define safe con-
ditions for the use of protective clothing.

Exceeding the specific ‘critical’ (the 
highest allowable) values Nkr means a 
hazardous condition has occurred. The 
real danger occurs when, at the same 
time, one of the critical values that de-
fines the allowable charging level of a 
material or an object, in accordance with 
items 3-6, is exceeded. as is one of the 
critical values in accordance with items 
1-2 in Table 1 that characterise the time 
of maintaining the charging conditions. 
When there are no generalised criteria, 
the highest allowable values of relevant 
parameters are established individually, 
in accordance with the expected distur-
bances, on the basis of the information 
included in the relevant standards or the 
technical literature in question. 

Following standard PN-92/E-05200 [5], 
the level of risk caused by static electric-
ity is defined with the index α which ex-
presses the ratio of the maximum value 
(Nmax) measured or defined in given con-
ditions to the relevant critical value – the 
highest allowable (Nkr), in accordance 
with Table 1, which, when exceeded, 
results in danger: 

It follows that the risk occurs when α > 1.

In accordance with standard PN-92/E-
05201 [6], the level of risk is considered 
relatively high if α > 10.

Standard PN–92/E-05200 also defines 
the index of the effectiveness of anti-Figure 2. Factors that determine the static electricity risk in the work environment. 
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electrostatic protection η, which is the 
inverse of index α:

It follows from this relation that protec-
tion is effective if the value of index η is 
equal to at least ‘1’, i.e. when:

η ≥ 1.
It seems that in the model of forecasting 
the risk posed by static electricity, we 
may apply a complex probability index 
of the risk level (marked as ZE) which 
would express the probability of an ac-
cident caused by static electricity. 

For individual indexes of the risk level α 
assigned to the relevant values of the cri-
teria in accordance with the cited table, we 
might for example adopt an event prob-
ability (P) equal to ‘1’ in the case when: 

α =  ≥ 10

In this way we will obtain the following:
ZE = P1⋅ P2⋅ P3⋅⋅⋅ Pn

 An overview of evaluation 
methods as regards 
the anti-static properties 
of protective clothing material 
in accordance with EN 
standards

Currently, three Polish Standards have 
been harmonised with the European 

standards [11-13] concerning tests of 
the electrostatic properties of materials 
designed for protective clothing. 

Standard PN-EN 1149-1 deals with meth-
ods of measuring surface resistivity, and 
standard PN-EN 1149-2 of volume resis-
tance. The methods of testing the electric 
conductivity of clothing materials should 
be considered as reasonably justified, 
although there are plans to remove the 
evaluation criteria for the results of such 
tests in the 2nd edition of the European 
standards in question, which is currently 
under development, and which will make 
relevant product certification practically 
impossible. Such criteria in the form of 
usage requirements for anti-electrostatic 
protective clothing are to be formulated 
as late as in the fifth part of the standard 
developed within the EN 1149 series. So 
far there have been no such requirements, 
which will definitely complicate the inter-
pretation of the test results and limit the 
practical usability of these standards. The 
evaluation criteria should have a clear 
reference to the resistance measurement 
method which, in turn, should be related 
to an adequate situation which in practice 
reflects the expected path of the charge 
leakage. From this point of view, the re-
cently forwarded proposal to develop a 
standard IEC document sanctioning the 
method of measuring electrical resistance 
between the ends of sleeves or other points 
on the clothing surface seems unfounded. 

The third part of standard PN-EN 1149 
was introduced in Poland in 2005 in the 
original language. This standard has been 
translated, and there are plans to estab-
lish it in Polish at the end of this year; 
it is the last standard so far developed 
within the series. It concerns the method 
of measuring the charge decay time in 
protective clothing material when charg-
ing is achieved in two ways: by rubbing 
with specific materials and by induction 
(by the way, the term ‘induction’ is not 
ideal because of the kind of materials 
in which the charge is to be ‘inducted’). 
The proposed measurement methods are 
designed above all to evaluate a typical 
textile materials, and especially to test 
inhomogeneous materials, such as those 
containing fibres with a conductive core, 
for which the application of resistance 
measurement methods is limited. 

The methods described in the given 
standard [13] and in some other publica-
tions [15, 19-22] are highly questionable 
because there is no unambiguous defini-
tion of the resistance R and electric ca-
pacitance C of the experimental system, 
and also for the following reasons:
n The time an electrostatic charge is 

maintained depends on the way the 
charge is generated, which in this case 
arises usually by contact and mutual 
friction between two materials;

n The so-called 'inductive method' is 
inadequate for the real conditions of 
protective clothing’s use. Apart from 
the dislocation of free charges in the 
material, it causes polarisation; and in 
this case, the charge decay time may 
to a great extent be conditioned by the 
de-polarisation time; 

n It is impossible to reproduce on a the 
laboratory stand the variable condi-
tions that occur when clothes are worn. 
This is why all generalisations made 
as a result of such tests seem unjusti-
fied. Under real conditions, the charge 
decay time on the clothing material is 
first of all defined by the resistance of 
the leakage path to the ground through 
the layer of outer clothing, underwear, 
the human body, shoes and the floor. 
As there is usually little air conductiv-
ity and a low level of the ionisation of 
the gases that air contains, the share of 
the charge leakage in this direction is 
insignificant. Also, the corona effect, 
due to the small charge potential on 
the surface of the clothing worn, is in 
practise very unlikely; 

n The direct measurement of the charge 
decay time on a material is pointless, 

Table 1. Selected requirements of anti-static protection in accordance with the Polish 
Standards.

Item Objects exposed to the explosive risk
Objects not exposed 

to explosive risk
(but exposed to other 

disturbances)

1.
Leakage resistance (resistance to the ground) of the material, 
product or object:
Ru ≤ Ru kr ; Ru kr = 1⋅106 Ω Ru ≤ Ru kr ; Ru kr = 1⋅109 Ω

2. The decay time of an electrostatic charge:
τ ≤ τkr ; τkr = 1⋅10-3 s τ ≤ τkr ; τkr = 1⋅10-1 s

3.

The potential of an electrostatic charge produced on the 
surface of a dielectric material:
Vp ≤ Vp kr ; Vp kr = 1⋅103 V

- in the presence of the medium with minimum 
ignition energy Wz min ≤ 0.1 mJ;

Vp ≤ Vp kr ; Vp kr = 3⋅103 V
in the presence of the medium with minimum 
ignition energy 0.1 mJ < Wz min ≤ 0.5 J;

Vp ≤ Vmax all.

4.

Electrostatic voltage between the conductive object 
(e.g. a human body) and the ground:

U ≤ U kr ; U kr = 
U ≤ U max all.

5.

Intensity of an electrostatic field:
E ≤ Ekr ; E kr = 1⋅105 V/m

- in the presence of the medium with minimum 
ignition energy Wz min ≤ 0.1 mJ;

E ≤ Ekr ; E kr = 3⋅105 V/m
in the presence of the mediuma with minimum 
ignition energy 0.1 mJ < Wz min ≤ 0.5 J;

E ≤ E kr ; E kr = 2⋅104 V/m
or

E ≤ E max all.

6. Energy of electrostatic discharges:
Ww ≤ Wz min

Ww ≤ 1 mJ or Ww ≤ Ww max all.
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considering the fact that depolarisa-
tion and the corona effect have no 
significant share in it. In such a situ-
ation, the time during which charging 
is maintained practically depends only 
on the material’s resistivity and the 
leakage resistance of the systems dis-
cussed. However, the measurement of 
electrical resistanceis much easier and 
carries a much lower risk of error than 
the measurement of the charge decay;

n From the point of view of protection 
against static electricity, it is much 
more important to exclude the pos-
sibility of dangerous charging of the 
human body than to define the charge 
decay time in the clothing material; 

n There are no clear evaluation criteria 
as regards the level of risk on the basis 
of the test results obtained by means 
of the methods described above.

Similar objections may apply to the at-
tempts of standardising (among others 
at IEC) the methods of evaluating the 
electrostatic properties of protective 
clothing by applying electrification with 
the corona effect. This method is com-
pletely extraneous to the conditions of 
use, and electrification means both the 
movement of free charge carriers and the 
polarisation and adsorption of gas ions. 
The charge decay time will undoubtedly 
derive from these three mechanisms, 
depending on their particle share. The 
experimental conditions would only 
correspond to the real conditions if their 
simulation was complete, which cannot 
be ensured by this method. 

There have also been attempts to stand-
ardise the method of assessing risk 
caused by the electrification protective 
clothing, on the basis of measuring the 
discharge from the surface of a charged 

material, or defining the energy of this 
discharge [17, 18, 20, 23]. The applica-
tion of this method is also insufficiently 
justified because of the ambiguity of 
test results caused by the difficulty of 
reconstructing real conditions, as well as 
the capacitance relations described in the 
initial part of this paper and which occur 
in the human body/material system of the 
garment worn. This method, when it is 
well designed, can play a part in basic 
studies aimed at establishing the allow-
able levels of the material’s charging 
level. Such a parameter may be measured 
in an easier and more precise way than 
discharge energy. 

 Research procedure 
proposed by the Institute of 
Industrial Organic Chemistry

A concept for a method for evaluating 
the anti-static properties of protective 
clothing and the materials designed for 
such clothing was presented at the 5th 
EL-TEX Symposium 2002 [14]. The 
verification tests [16] performed later at 
the Institute of Industrial Organic Chem-
istry confirmed the practical usability of 
the procedure developed for the formal 
classification and qualification for the 
use of protective clothing, in the light 
of the requirements in force concerning 
protection against static electricity. The 
given procedure formed the basis of the 
two IEC international standard projects 
submitted by the Polish Committee for 
Standardisation in 2003.

The method proposed by the IPO fol-
lows on from the assumption that the 
risk caused by the charging of protective 
clothing in use is conditioned, first of all, 
by the following factors: 

1. dangerous charging of the human 
body as a result of friction on the outer 
layer of the clothing material or as a 
result of taking off the outer clothes;

2. dangerous charging of the clothes that 
have been removed;

3. exceeding the ‘critical’ limit of the 
time of maintaining the charge by the 
human body and the clothes that have 
been removed.

The respective border values are defined 
by the criteria found in Table 1. In or-
der to perform a correct evaluation of 
the product, it is sufficient to establish 
whether in the conditions that simulate 
the conditions of use it may achieve a 
dangerous charging level and whether 
the time of sustaining the electrostatic 
charge may be sufficient to cause danger 
or other disturbances. Providing solu-
tions to these problems is, in our opinion, 
sufficient to develop an adequate certi-
fication system for protective clothing. 
The protection requirements are deemed 
as fulfilled when the response concerning 
the possibilities of dangerous charging 
and/or exceeding the critical time of 
maintaining the charge is negative. 

In accordance with the adopted procedure, 
the first step is to measure the resistance/
resistivity of the clothing material. If 
its value remains within the allowable 
limits, and especially if it is close to the 
human skin resistance, then further tests 
are unnecessary because such a result 
guarantees a sufficiently quick decay of 
charging. As a result, the product receives 
a positive qualification and is classified as 

Figure 3. A schematic diagram of the stand used to test charging caused by one-sided 
friction of the surface of a band of a clothing material; M – tested material, N – band tension, 
T – rubbing element with a guide P, S – engine to propel the rubbing element by means of an 
eccentric drum mechanism B, K – the bearing construction of the appliance.

Figure 4. A schematic diagram of the 
stand used to test the human body charging 
which occurs when mechanical friction is 
generated on the outer layer of clothing; 
M – mannequin, T – rubbing element, 
I – insulation ≥ 1014 Ω, WE – electrostatic 
voltmeter, CM – electric capacity of the 
mannequin (100 pF÷200 pF), Cb – electric 
capacitance of the measuring apparatus and 
connections.
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Typical characteristics that illustrate 
the body’s charging level achieved in 
the conditions described above on the 
simulation stand with a mannequin are 
presented in Figure 6. 

n Conclusions
1. Electrostatic charging caused by wear-

ing work and protective clothes pro-
vokes the risk to human life, health and 
property that arises as its result of it. 

2. The evaluation methods concerning 
the antistatic properties of protective 
clothing which have so far been ap-
plied are not sufficiently reliable, and 
so their application in the quality cer-
tification of products is limited. 

3. It seems that the method proposed 
by the Institute of Industrial Organic 
Chemistry creates rational premises 
for classifying clothing materials with 
regard to their anti-electrostatic prop-
erties and the qualification for use of 
final goods in the light of the protec-
tion requirements concerning static 
electricity.
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LABORATORY  OF  TESTING  TEXTILE  RAW  MATERIALS  AND  FABRICS
accredited by the Polish Centre for Accreditation

Accreditation certification no. AB 164

The Laboratory tests and evaluates wear and esthetic properties of textile raw materials and fabrics.

The following test methods are covered within the accreditation range:
n identification of textile raw materials;
n determination of:
n strength properties of fibres, yarns and flat textile fabrics;  
n strength properties of geotextiles - tensile strength, elongation at maximum force
n static puncture resistance (CBR Test), dynamic puncture resistance (cone drop test);
n propensity to surface fuzzing and pilling of flat textile fabrics;
n electrostatic properties, such as surface-resistivity and through-resistivity of textile raw 

materials and fabrics;
n physiological properties of clothing materials and other wear properties (dimensional 

changes in domestic washing, crease recovery);
n electrostatic properties of textile fabrics – half-life of charges.

The Laboratory specialises in research into:
n thermal insulation of apparel and of clothing material which protects against cold,
n thermo-regulating properties of textiles incorporating PCM (phase-change materials),
n liquid sorption coefficients to evaluate liquid sorption capability of textile fabrics such as towels, napkins, diapers, 

comfort clothing, sanitary materials (tests are performed on SORP-3 apparatus according to our own methods).

The Laboratory carries out research and development works on textiles used in health care and on textile medical 
products assisting medical treatment and prophylaxis.
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Halina Królikowska M. Sc., Eng.
tel. (+4842)  6163140, fax: (+4842) 679638, e-mail: krolikowska@mail.iw.lodz.pl 
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