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Preface
This is a public adapted version of my graduation thesis as a part of my education to Higher Safety
Expert.
I performed the investigations set out in this thesis as a trainee at NSC-Consultancy. NSCConsultancy is a company that specializes in performing research in the field of electrostatic risks.
Firstly, this includes occupational safety risks, these occur mainly in ATEX environments, and
secondly other economic risks, which may occur in ESD environments. To carry out such studies
knowledge of the physics of static electricity is indispensable. Because I am educated as a physics
and chemistry teacher, I know the basic physical principles. This knowledge is indispensable for
understanding the research carried out by NSC-Consultancy.
I have been looking for a long time within my network to find a traineeship for carrying out a
challenging project that led to this thesis. Because I do not work as a safety expert and do not have
experience as such, it was difficult to find such a position. My fellow student Daphne Oude
Veldhuis brought us, NSC-Consultancy and me together. At this place I want to thank her for that.
Furthermore, I am grateful to the staff at NSC-Consultancy for the opportunity they have offered
me. Wilbert van den Eijnde for getting acquainted with everything involved with (safety) footwear
and static electricity. Jos de Haas, who introduced me to the fundamental knowledge about static
electricity, test methods and standards. Wulf van den Eshof, who keeps the measuring equipment in
order and who was always available to perform and support me with measurements. He also built
the prototype of the elbow tester.
A highlight during my traineeship was the assignment that we performed for a company that takes
samples of combustibles in storage tanks. The company wanted to know whether they take samples
safely with the current method. Wulf and I have done measurements, Jos and Wilbert have critically
read the resulting report. I also thank you for that cooperation.
Finally I want to thank Anneloes Oude Voshaar from my training institute Kader for her
constructive criticism of earlier concepts, which have contributed to the production of this
defensible thesis.
Jaap Zijp, Groningen, March 26, 2018
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Summary
Companies sometimes suffer from electrostatic charging of employees and their clothing. This static
charge can lead to sudden discharge of that employee and his clothing. This is possible results in a
lead to a startle reaction, which may result in injury to the employee or causes damage. This also
can lead to an ignition of an explosive atmosphere, if that worker is present in an explosive
atmosphere (ATEX zone).
Companies dealing with explosive atmospheres must reduce the risks caused by static discharges by
applying specially designed floors, footwear and clothing. A risk assessment emphasizes the great
importance of personal protective equipment (PPE). This equipment has to meet the requirements of
standards, with clauses aimed at the prevention of electrostatic discharges. In practice, it has been
found that, despite the use of standardized and / or certified equipment, electrostatic charging and
discharge can nevertheless occur. The employer, who tries to make occupational risks acceptable
through the use of standardized and / or certified equipment, apparently does not succeed. The
employer also does not notice this until an incident or an accident occurs. However, the employer
can be helped if routinely a quick scan is performed at his location, which indicates whether there is
dangerous electrostatic charging and discharging. In the electronics industry (with ESD zones) it is
common that employees check themselves daily whether they are grounded sufficiently. They
therefore perform a quick scan on a regular basis. This reduces the risk of damage to sensitive
electronics caused by electrostatic discharge. In companies where employees work in ATEX zones,
such a method is not generally used. Implementing a quick scan can therefore contribute to further
limiting the risks of explosions. NSC-Consultancy is the company that developed quick-scan for
this purpose.
The problem can be stated as follows: Which criteria must be met by a quick scan that provides an
adequate answer to the question whether there are unacceptable risks due to electrostatic discharge
of employees?
To get an aswer on this question a literature search was carried out. Furtheremore the required
discharge time was estimated based on a model presented. At several companies totally 80 subjects
were investigated.
The literature investigation shows that after an explosion mostly its cause can not be determined
exactly. So it is unknown which risk an electrically charged worker causes. An estimation leads to
the assumption that the number of explosion victims can be reduced by 10 - 40 %. A risk
assessment emphasizes the importance of antistatic PPE.
The quick-scan developed by NSC-Consultancy comprises the measurement of the electrical
resistance of the humen body of the workers to ground and the measurement of the decay-time for
the discharge of the garments these people are wearing. The quick-scan can contribute to limit the
explosion risks, without high investments. An appropriate resistance meter can bought for less than
€ 1000, the price of an appropriate decay-time meter is yet unknown.
The workers subjected to this investigation were generally well grounded (79 of 80). The decaytime for the garments worn varied from 0 - 40 s. According to a model proposed it should be around
1 s. An exact value can be established by a group of experts. For practical implementation of the
quick-scan it is necessary to develope a handy instrument including both the resistance meter and
the decay-time meter. This apparatous should give a pass/fail result. In that case performing the
quick-scan should not exceed half a minute per worker.
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1. Introduction
This chapter gives an introduction to the problems caused by working in or near explosive atmospheres. The
problems with personal protection equipment (PPE) is emphasized. These problems are the motivation for
the investigation set out in this thesis.

In industrial plants there may be places where an explosive atmosphere can be present. Examples
are tanks containing petrol, silos filled with sugar and the environment of these storages. The
hazardous environment is mainly determined by potential leakage sources, like valves, lids and
flanges. The places where an explosive atmosphere can be present, are classified as ATEX-zones.
The term ATEX originates from the French words Atmosphère Explosive. An explosive atmosphere
can be ingnated by differing ignation sources. Examples of ignation sources are hot surfaces, sparks
originating from electrical devices (switching or arc welding), sparks originating from mechanical
processes (hammer and nail, grinding), and sparks originating from electrostatical discharges. In
order to prevent the ignation of an explosive atmosphere, measures have to be taken. These
measures depend on the explosion risks present. These risks will increase in the near future due to
the application of the very flammable hydrogen as combustible1,2.
Principally two different types of explosive atmospheres exist: a mixture of gas or haze and air (e.g.
methane, hydrogen, petrol and alcohol) and a mixture of air with solid particles (e.g. sawdust, flour
and sugar).
1.1 Gas-air mixtures
For mixtures of gas and air the explosiveness depends on the ratio between the oxigen and the
flammable gas. If the concentration of flammable gas is too low, the atmosphere is not explosive. In
that case the concentration of gas, vapour or haze is below the lower explosion limit (LEL). If the
concentration of the flammable component is too high, the atmosphere is not explosive also. The
concentration in that case is beyond the upper explosion limit (UEL). So, atmospheres with
concentrations of flammable components bewteen these limits are explosive.
The determination of the explosion risks should account for the density of the flammable
component. Gasses may have a higher density than air (e.g. petrol vapour, propane and butane). In a
barely ventilated room these gases will accumulate just above the floor (or in a tank just above the
surface of the fuid). Other gases have a lower density than air (e.g. hydrogen and methane) these
may accumulate just below the ceiling. As a result of these effects, an explosive atmosphere can
preferably arise just above a floor or just below the ceiling. In practice, an atmosphere is considered
non-explosive if the concentration of the flammable component is less than 10% of the LEL.
Although a similar margin could also be maintained above the UEL, this is not used in practice.
1.2 Dust-air mixtures
For dust-air mixtures the lower explosion limit (LEL) does exist, but the upper explosion limit
(UEL) does not exist (3, § 4.5). Because in addition to the flammability and the concentrations also
the particle size distribution and the non-uniform distribution plays a role, so the LEL is more
difficult to determine than for gas-air mixtures. As a result, the risks of explosion of dust-air
mixtures are more difficult to estimate or calculate than for gas-air mixtures. As a result of gravity,
which has applies to dust particles, in a dust cloud always regions can arise with a lower particle
concentration than the average value, therefore a UEL is not used. A dust cloud with a particle
concentration above the UEL could all be regarded as non-explosive, while the particle-poor
regions in that cloud would be explosive.
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1.3 Motivation
Many ATEX zones are so extensive that employees can work in them. For example for operation
and maintenance at large industrial installations or oil and gas well interventions. In those places,
the workers must be equipped in such a way that ignition risks by static discharges are limited. The
Dutch legislator explicitly mentions static discharges (Section 3.5c subsection 2b, 3.5d paragraph
2a, Arbeidsomstandighedenbesluit (i.e. Working Conditions Decree), 1997) as a source of danger.
In order to prevent ignition caused by static discharges, installations in ATEX zones are
electrostatically bonded. This is done, for example, by installing a "ground wire" between two
machine parts, which independently perform sub-processes. In addition, electrical machine parts
themselves must be grounded. The people working on or around these installations should wear
antistatic footwear, antistatic clothing and, if necessary, antistatic gloves. These PPE must prevent
them from accumulating static charge. In addition, this PPE must prevent them from retaining static
charge, by allowing any accumulated charge to discharge in a controlled way to ground.
In practice it has been shown that the PPE does not always offer the intended protection16 against
electrostatic charging and discharging. The reasons for this are that safety shoes are not worn
properly: according to an estimate by the safety shoe sector, 35% of employees use inserts or arch
support soles, which can counteract adequate discharge. Workers are often unaware that inserts or
arch supports can counteract a controlled discharge. Furthermore, they often do not know that
antistatic inserts or support soles can be made and that they should be worn. The antistatic
properties of garments may be abolished by incorrect maintenance (see box 1) or wearing not
according to the manufacturer's instructions and personal characteristics (see box 2).

Box 1: Incorrect maintenance of PPE
An employee of a subcontractor, who regularly works in ATEX zones, says that he is assigned his
work and location by the planning department of his employer. He does have telephone and e-mail
contact with his employer regularly, but he rarely visits the company. If necessary, he orders PPE
via his employer, which he then receives with its company logos at home. He washes his coveralls
himself at home in the washing machine.
As a result, these coveralls do not receive the treatment prescribed by the manufacturer. This can
result in his coverall being electrostatically charged and discharged in an uncontrolled way. The
employee does not, however, like to go to a special laundry or to send his clothes to his employer
for proper cleaning. He supposes that this is the habit of all his colleagues.
1.4 Issue
Employees working in ATEX zones should wear dissipative shoes and clothing to minimize the risk
of ignition of the explosive atmosphere. The effectiveness of these personal protective equipment
(PPE) can be realized in practice through a number of successive steps:
1) the substances of which the PPE is made must comply with effective (dissipative) properties;
2) the PPE must be designed and manufactured in such a way that it provides effective protection;
3) the PPE must be maintained, cleaned and treated in such a way that effective protection is
guaranteed for its life time;
4) the PPE must be worn in such a way that effective protection is provided;
5) the end of the life of the PPE must be indicated, as soon as it does not provide effective
protection and recovery through maintenance, cleaning or treatment is impossible or not
profitable.
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Box 2: Not following the manufacturer's instructions and personal characteristics
In an exploratory study upon the feasibility of a securing system for
antistatic clothing7, the clothing of one subject appeared to have a
large discharge time compared to the rest of the group. There were
two reasons for this. Firstly, the man was very hairy, leaving an
electrically insulating layer of air between the clothes and the skin.
Secondly, he wore his coverall open and with sleeves rolled up, this
also reduced the electrical contact between the skin and clothing. The
manufacturer prescribes that the clothing should be worn closed.
Sweat production is another personal characteristic that can play a
role in discharging. A sweaty skin provides a better electrical contact
between body and clothing.

Step 1 has been secured by the application of standards (see §2.4).
Step 2 is partly secured by the application of standards.
Step 3 is not guaranteed in practice, but there are indications from the manufacturers in the
instructions for use, which can be helpful in securing this step.
Steps 4 and 5 are not guaranteed in practice.
In many cases, human actions or omissions appear to be a cause of the occurrence of occupational
accidents. Steps 3 to 5 contain many opportunities for employees to deviate (consciously or not)
from the regulations.
The employer is not 'ready' after he has introduced safety policy. He is remains responsible for
enforcing the rules imposed. For example, workplace inspections have to be carried out.
Furthermore, it is common practice in many companies that installations and electrical tools are
regularly inspected (and often provided with a sticker mentioning the expiring date). The inspection
of numerous other tools and safety equipment such as hoisting equipment, safety harnesses, fire
alarm systems and fire extinguishers is also often organised. To a lesser extent this applies to the
inspection of PPE. These too should be inspected regularly in order to ensure proper protection of
the employee.
At industrial plants where employees work in ATEX zones, the antistatic or dissipative properties of
their PPE should be checked. This can for example be done by installing an entrance gate, which
opens only if the right conditions are met. This enables a daily inspection to be implemented. A
comparable method is common sense in the electronics industry, in companies with a stringent ESD
regime. Such a routine check of the effectiveness of the PPE by means of a quick scan can
contribute to the risk reduction aimed by the employer. From this consideration the problem to be
investigated can be formulated as follows:
Which criteria must be met by a quick scan that provides an adequate answer to the question
whether there are unacceptable risks due to electrostatic discharge of employees?
1.5 Limitaion of the investigation
The target group is twofold: on one hand it is NSC-Consultancy, which promotes and implements
the quick-scans, on the other hand the target group consists of employers, who are confronted with
unacceptable risks as a result of electrostatic discharge.
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Although the effectiveness of the PPE is partly determined by the properties of floors and other
parts of the environment of employees, this investigation is limited to measuring the effectiveness
of the PPE.
Within this study the assumption is made that the measurement methods used were representative
and reproducible.
This study was performed at industrial plants where employees work in ATEX zones.
1.6 Aim of the thesis
The aim of this thesis is:
- explaining ATEX, static electricity and PPE,
- description of the applicable Dutch legislation and regulations,
- revealing the problems concerning the effectiveness of PPE,
- testing the quick-scan in practice,
- the formulation of criteria to be fulfilled by the quick-scan,
- the formulation of a future oriented plan to NSC-Consultancy.
1.7 Set up of the investigation
Initially it was the intention that laboratory research would be carried out. The laboratory was lost
in a fire, so this was not possible.
Literature research comprised the search for information in public sources (internet), Dutch
legislation and standards. For example, an indication has been sought-after of the number of
explosions caused by electrostatic discharges of employees working in ATEX zones.
At meetings of safety experts companies were asked to participate in the practical investigation.
This practical investigation consisted of questioning employees about their foot wear and the
clothing they wear (under their PPE). Thereafter, the employees were subjected to measurements.
1.8 Description of the organisation
The work, which led to this thesis, was carried out within the company NSC-Consultancy B.V ..
NSC stands for no static charge. NSC-Consultancy is a company that advises on the purchase of
personal protective equipment and floors, particularly aimed to prevent electrostatic risks. In
addition, the company performs investigation upon static charge and discharge for ESD and ATEX
zoning and static charge tests on PPE. NSC-Consultancy also provides training in these regions of
interest.
Due to circumstances (illness and fire), the company experiences a difficult period in 2016 and
2017. During the fire, the laboratory was lost, so no laboratory experiments can be performed
anymore.
NSC-Consultancy now wants to expand its market by focusing on advising companies that have to
deal with explosive atmospheres. NSC-Consultancy wants to disseminate the available knowledge
and extend knowledge. Advising on mitigating measures and implementing a quick scan can
contribute to this aim.
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2. Literature research
This chapter describes in the literature study performed, the aim is to explore the extent of the problem. This
is followed by the occupational hygiene strategy, which aims to limit the risks of explosions. This strategy is
implemented by applying the legislation and standards described here. .

2.1 Extent of the problem
The literature search was performd by searching the Internet for reports about explosions. Three
reports from the Dutch Safety Board (Onderzoeksraad voor Veiligheid) and a number of reports
from the Inspectorate SZW (Inspectie SZW) have been studied. None of these reports contained a
specific indication of an explosion caused by ignition by statically charged persons.
Van Dort8 provides a good overview of 43 gas explosions that occurred in industry in the
Netherlands in the period 1963-2013. These caused 107 fatal and 319 injured victims. In 19 of these
accidents static discharge could have been the source of ignition, in 4 accidents (2 deaths, 3 injured)
this has been reported as the cause. This leads to an estimation of the number of victims of gas
explosions, where static charge may have been the source of ignition, to at 57 fatalities and 170
injured. This does not mean, however, that the ignition in all cases is caused by the discharge of an
electrostatically charged employee.
An example of the ignition of an explosive atmosphere by electrostatic discharge is the following
case. An employee poured powder from a bag into a process vessel containing a flammable liquid
and vapour. This was done through a manhole at the top of the vessel. The vapor above the liquid
was ignited and exploded. The employee was seriously injured with permanently remaining
disabilities. The pouring method was common practce at the plant and already applied thousands of
times. However, the powder was always supplied in paper bags previously, but in plastic bags for
the first time at the day before the accident. Afterwards it was determined that the remaining platic
bags of powder stored were highly electrostatically charged. During the investigation to the
circumstances of this accident, all other sources of ignition were excluded and it was concluded that
the electrostatic discharge of the powder bag was the source of ignition.
2.2 Occupational hygiene strategy
Employers must protect their employees and the environment of their company against the risks of
explosions. The occupational hygiene strategy provides a prioritization of the measures that can be
taken to protect workers against the risk of explosion by: 1) the removal of the source, 2) the
limitation of exposure, 3) the separation of people and the source and 4 ) the use of personal
protective equipment.
2.2.1 Removal of the source
There are several ways to remove the source. First of all, of course, the use of non-flammable
liquids, gases and dust. In many cases however this is not possible, because the flammability is the
core value of the raw materials or products used. Another possibility is to influence the
explosiveness of an atmosphere, by ensuring a too low concentration of the combustible substance
with respect to the oxygen concentration ("a too poor atmosphere") or by ensuring a too high a
concentration of the combustible substance relative to the oxygen concentration ("a too rich
atmosphere"). This last measure is rarely applied by increasing the concentration of the combustible
substance, because the probability of failure is relatively high4 and because the risk of explosion can
be shifted to another region. A too rich atmosphere can also be made by applying an adapted
atmosphere with e.g. an elevated nitrogen concentration.
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An ignition source is required for the occurrence of an explosion, such as open fire, a spark or a hot
surface. Therefore, measures are taken to limit the chances of ignition. Electrical and mechanical
equipment is designed and installed in such a way that it can hardly be the source of ignition.
2.2.1.1 The generation and removal of static electricity
Static electricity can be generated by movement, where different substances are separated and
collect charge. Examples include: pumping liquids or powders. Walking is also an example of this
process: the shoes are separated from the floor surface. A charge difference between the shoes and
the floor can occur. If the shoes and the floor are insulators, the charging of a person can continue
during walking. Also trouser legs that pass each other and sleeves that move along the trunk of the
clothes can be statically charged. Electrostatic charging by rubbing substances against each other is
called the triboelectric effect.
Electrostatic charge can also be collected by induction. For example, if a person passes an
electrostatically charged big bag, the charge can be transferred to the person by means of the air.
This will then charge the person.
The quantity of static charge generated depends on the substances that are moved along each other.
In a dry-air environment, static charge is easier generated than with humid air. Also the electrical
voltages that can arise are higher in dry ambient air.
In practice examples of the generation of electrostatically charged persons are:
- walking upon a floor;
- getting up from a chair;
- taking off clothes;
- handling plastic;
- loading charged material from or into a container;
- stand near an electrostatically charged object.
Electrostatic discharge can happen by blustery discharges (sparks, coronas and brush discharges)
and by controlled discharge. Controlled discharge means that the charge is removed by dissipative
(very high ohmic) conductivity. Dissipative conduction does not provide sources of ignition for
explosive atmospheres.
2.2.2 Limiting the exposure
Limiting the exposure of employees is achieved among other things by making the ATEX-zones
only accessible for authorized and adequately trained personnel. Furthermore warning signs are
placed indicating that the border of an ATEX-zone is passed and that precautions should be taken.
2.2.2.1 Zoning
The measures that have to be taken to control the risks of explosions depend on many variables. The
greater the explosion risk, the greater the protective measures. In order to create clarity ATEX areas
are classified as zones. First of all, there is a distinction between the presence of combustible gas (or
haze) or the presence of combustible dust. In addition, there is the difference in the duration that the
combustible component within the atmosphere can be present, this classification is shown in
Table 1.
The legislator does not prescribe a minimum size of the ATEX zones. However, the employer must
take into account the extension of the expected consequences of an explosion when taking
protective measures (Section 3.5c, Section 2d, Arbeidsomstandighedewet (Working Conditions
Decree), 1997).
Yet there are potential ATEX areas that are never considered as such. The environment of the gas
bottle of a water pipe installer, or of the larger gas cylinders of roofers are not treated as ATEX
areas, despite the fact that gas is released for a short time (before the ignition) and the consequences
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of an explosion caused by this could be reduced considerably.
Table 1. Zone layout of ATEX regions
ATEX zone #
examples

presence of an explosive atmosphere

5

percentage of the operating
time3,6

continuously, for long periods or
repeatedly

over 10%

normally present during normal
operations

between 0,1% en 10%

not likely to be present during normal
operation, in exceptional cases of
short duration

less than 0,1%

gas, vapour, haze

dust

0

20

interior of
installations, open
vessels

cyclones, filters,
dryers, mills

1

21

loading installations,
gaskets that may
leak, sampling and
tapping points

sampling points,
inspection points,
layers of dust that
remain

2

22

flanges, gas cylinder
connections, gaskets

around flexible
connections,
bagging machines

2.2.3 Separation of men and source
In the oil and gas industry, but also in countless other industries, it is no option to remove the
source, i.e. the combustible substances. Many installations are in continuous operation, so the
exposure is also continuous. The separation of men and source is also intrinsically problematic,
because an explosion can reproduce with an irrepressible speed and force through any separation. In
some places however, this measure is applied, like the use of explosion-proof bunkers with
operating rooms for personnel on refinery sites and chemical plants.
2.2.4 Personal protective equipment
The personal protective equipment most commonly used, reduces the chance of an explosion
further, by limiting the risk of ignition by static charge. This protective equipment therefore not
only protects the wearer, but also other employees and the (large) environment. This personal
protective equipment comprises antistatic shoes, clothing and gloves. The purpose of this is to
prevent the wearers from collecting static charge. Any static charge that has been collected will be
discharged in a controlled way.
2.3 Legislation and regulations
NOTE: This thesis is written in Dutch originally. The Dutch legislation and regulations are
considered within this chapter.
2.3.1 Explosive atmospheres
According to the Working Conditions Act (Arbeidsomstandighedenwet) the creation of explosive
atmospheres is forbidden. In case that this is impossible the employer must take special measures in
regions where these explosive atmospheres can be present. He should also take into account the
extent of the expected consequences of an explosion (Section 3.5c, paragraph 2d, Working
Conditions Decree (Arbeidsomstandighedenwet) 1997). Reference is often made to the European
directives "ATEX 114"9 and "ATEX 137"5. These directives are not addressed to Dutch employers
directly, but are mandates to the governments of the EU member states to incorporate these rules
into national legislation. ATEX 114 is implemented in Dutch law in the Commodities act explosionQuick-scan to determine the antistatic properties of PPE to be used in ATEX-zones v2.2e
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proof devices (Warenwetbesluit explosieveilig materieel 2016). ATEX 137 is included in the
Working Conditions Act (Arbeidsomstandighedenwet), particularly in § 2a. Explosive atmospheres
of the Working Conditions Decree (Arbeidsomstandighedenbesluit).
2.3.1.1 Instrumental protection
ATEX 1149 sets minimum requirements that must be met by equipment used to limit explosive
atmospheres, to limit the risk of explosion to an acceptable risk and / or to carry out operations in
(potentially) explosive atmospheres. This concerns:
1) equipment and protective systems intended for use in potentially explosive atmospheres;
2) safety devices, controlling devices and regulating devices intended for use outside
potentially explosive atmospheres but required for or contributing to the safe functioning of
equipment and protective systems with respect to the risks of explosion;
3) components intended to be incorporated into equipment and protective systems referred to
in point 1).

The Dutch Commodities act for explosion-proof devices 2016 (Warenwetbesluit explosieveilig
materieel 2016) refers directly to a number of provisions within this directive, so that these rules are
also applicable within the Netherlands.
2.3.1.2 Protection of the employees
ATEX 1375 sets minimum requirements for the health protection and safety of workers, who may be
at risk due to explosive atmospheres. The key point of this guideline is that employers take
measures according to the following principles:
1) the prevention of the formation of explosive atmospheres, or where the nature of the
activity does not allow that,
2) the avoidance of the ignition of explosive atmospheres, and
3) the mitigation of the detrimental effects of an explosion so as to ensure the health and
safety of workers.

The Dutch government has included the provisions of this directive in the Working Conditions
Decree (Arbeidsomstandighedewet), particularly in §2a. Explosive atmospheres.
A part of this section is Article 3.5d:
Article 3.5d. General preventive measures
1 Effective measures have been taken to prevent the creation of an explosive atmosphere at
the workplace.
2 If the occurrence of an explosive atmosphere is not possible due to the nature of the work,
the following measures are taken in the following order:
a. the ignition of explosive atmospheres is prevented, taking into account electrostatic
discharges which may emanate from employees or the workplace as a load carrier or
charge producer;
..........
By prescribing and enforcing the use of personal protective equipment, the employer can
substatially fulfill the statutory obligation as set out in paragraph 2a of this article. As a result, the
employee is protected additionally, but this also limits the overall risk of explosion, in other words
the protective equipment offers more than just personal protection. Protective equipment must
comply with the Dutch Commodities act decree on personal protective equipment (Warenwetbesluit
persoonlijke beschermingsmiddelen). This act refers directly to the European directive
89/686/EC. This directive specifies minimum requirements that personal protective equipment must
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meet. Article 2.6 of Annex II of this Directive states:
2.6. PPE for use in explosive atmospheres
PPE intended for use in explosive atmospheres must be so designed and manufactured that it
cannot be the source of an electric, electrostatic or impact-induced arc or spark likely to cause
an explosive mixture to ignite.

In other words, the employer is obliged to ensure that employees can not cause ignition due to static
charging and discharge of an explosive atmosphere in which they may be present. The most
common and simple method for an employer to fulfill this obligation is to use standards and
products that are certified according to standards. The use of standards and certified products
generally provides a presumption of conformity with the law. The use of standards not only
provides an adequate interpretation of the legal obligations, but the employer also stands firm in
legal (criminal, administrative, and private-law) cases, in case it might go wrong.
2.4 Standards
Legal obligations can often be fulfilled by the application of standards. Within the framework of
this thesis, the standards for protective clothing, occupational and safety foot wear and floors are
important.
2.4.1 Protective clothing
Protective clothing for use in ATEX zones must comply with NEN-EN 1149-5: 2008 (en)
Protective clothing - Electrostatic properties - Part 5: Material performance and design
requirements. The materials of which this clothing is made should have been tested according to:
- NEN-EN 1149-1: 2006 (en) Protective clothing - Electrostatic properties - Part 1: Test method for
measuring surface resistance
This standard applies to the material which is used to make protective clothing. This standard
describes
• the environmental conditions under which the surface resistance must be measured
• the way in which the surface resistance must be measured and
• the geometry of the equipment used to perform these measurements;
- NEN-EN 1149-2: 1997 (en) Protective clothing - Electrostatic properties - Part 2: Test method for
the measurement of the electrical resistance through a material (vertical resistance);
This standard applies to the material which is used to make protective clothing. This standard
describes
• the environmental conditions under which the vertical resistance must be measured
• the way in which the vertical resistance must be measured and
• the geometry of the equipment with which these measurements must be carried out;
and
- NEN-EN 1149-3: 2004 (en) Protective clothing - Electrostatic properties - Part 3: Test methods
for the measurement of the charge decay.
This standard applies to the material which is used to make protective clothing. This standard
describes
• the environmental conditions under which the charge decay must be measured;
• two ways to measure the charge decay:
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1) the triboelectric load test and
2) the induction charge test;
• the geometry of the equipment used to perform these measurements;
• the calculation of the final results.
This collection of standards lacks a test method for garments. This is being prepared:
prEN 1149-4 (en) Protective clothing - Electrostatic properties - Part 4: Garment testing. The
working group that contributes to the development of this standard has reported extensively10. This
states that washing has a negative influence on the antistatic properties of almost all materials
studied (10, page 26). A specially developed method was used for this washing. Failure to follow
washing instructions (see box 1) can therefore endanger to the user and his environment.
Another possibility to test clothing is the ignition test (11, Appendix G.11 Ignition test). During the
test the clothes are electrostatically charged. A grounded probe is then hold near the clothing. The
probe consists of a plastic bottle, which is fed from the bottom with explosive gas. In the middle of
the neck of the bottle is a grounded metal ball, which can provide the discharge. With such a
discharge, the gas mixture can be ignited and explode. The composition and feeding of the gas is
prescribed. As a result, the size of the explosion is limited.
Opinions on the acceptance conditions differ. In the previously mentioned appendix G.11 states that
the product does not satisfy, if only one ignition is caused, resulting from 10 tests each at of 4
different conditions.
Others believe that 5 tests must be carried out and that a maximum of 1 ignition of the explosive
mixture may occur. The ignition test should answer the question: "Does this clothing meet the
requirement?" This situation can be described with the binomial distribution12. Suppose that the
chance that a certain garment causes an ignition equals 0.2 (corresponding to 1 out of 5). Than the
chance that this garment passes the test is 74%, so 26% will be rejected unjustfied. A garment that
has a chance of 0.5 to cause an explosion has a chance of 19% to pass this test, while it should not
pass. So, the use of this criterion is therefore dangerous.
In summary, the standard series NEN-EN-1149 states that the clothing must enclose the entire body
(except for hands, head and feet), should beworn closed in ATEX zones and the materials used may
have a maximum electrical resistance. The employer is informed that the properties of the clothing
may adversely be affected by use and cleaning.
2.4.2 Occupational footwear and safety footwear
The most characteristic difference between occupational footwear and safety footwear is that safety
footwear must have a protective toe cap13. This protective nose contains a cover of coated steel,
aluminum or composite material. This protective nose must protect the forefoot against an impact
with an energy of 200 J. This energy can be released, e.g. from a falling object of 20 kg that falls
from 1 meter height on the front of the shoe.
2.4.2.1 Occupational footwear
Occupational footwear must comply to NEN-EN-ISO 20347: 2012 (en) Personal protective
equipment - Occupational footwear. When used in ATEX zones, this footwear must comply with
requirements regarding electrical resistance to ground within this standard, this ranges
100 kΩ - 100 MΩ. This footwear is suitable for use in a
- dry environment (these shoes are marked with O1 or O1P);
- wet environment (this footwear is marked with O2 (shoe) or O4 (boot); if additional protection
against penetration of sharp objects through the sole is provided, this footwear is marked with
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O3 (shoe) or O5 (boot).
2.4.2.2 Safety footwear
Safety footwear must comply with NEN-EN-ISO 20345: 2011 (en) Personal protective equipment Safety footwear. When used in ATEX zones, this footwear must comply with the electrical
resistance requirements to ground within this standard, this is 100 kΩ - 100 MΩ. This footwear is
suitable for use in a
- dry environment (this footwear is marked with S1 or S1P)
- wet environment (this footwear is marked with S2 (shoe) or S4 (boot); if additional protection
against penetration of sharp objects through the sole is provided, this footwear is marked
with S3 (shoe) or S5 (boot).
2.4.3 Floors
According to clause 11.2 of the Technical Specification IEC TS 60079-32-1 concerning
electrostatic risks11 the recommended leakage resistance of floors quals 1 MΩ - 100 MΩ. In most
industrial plants the generally applied floor coverage like concrete and metal grids are conducting
sufficiantly. In order to maintain the required conducting conditions these floors should not be
covered with electrically isolating paint, rubber mats or plastic foils etcetera. Futhermore the
electrical conduction should not be impaired by pollution. The resistance to ground can be
measured according to the standards IEC 61430-4-1 and EN 108114. Often the resistance of the
floors are measured after constructio. In the case of concrete floors, however, the measured value
can still increase considerably due to the long lasting drying process of the floor, especially during
the first year. The resistance can also vary depending on the season, because it is related to the
atmospheric humidity. In the context of this thesis, this is not taken into account.
2.4.4 Gloves
Gloves should ensure a sufficiently low resistance to ground from the outside of the glove (through
wearer's body and clothing and shoes) to ground. According to the IEC TS 60079-32-1 (clause 11.6)
gloves must be conductive or dissipative. This means (11, page 22, Table 1) that the resistance must
be less than 100 MΩ. The testing of the glove material can be carried out in accordance with
EN 1635015. The dissipative gloves must prevent grabbed objects from being charged, or once
charged holding electrostatic charges.
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3. Risk analisys
This chapter descibes the risk analisys, to be performed before working in potential explosive atmospheres.

According to the Fine and Kinney method the explosion risk of working in potentially explosive
atmospheres can be justified.
Table 2. Risk factors according to Fine and Kinney

E Effect or severity of
possible injuries
10 Catastrophic / many
0 deaths
40 Disaster / several deaths

P Probability of the risk

X Exposure to danger

10 Can be expected, almost
certainly
6 Quite possible

10 Constantly

15 Very severe / one death
7 Significant, serious
injury
3 Important, absenteeism
1 Meaningful, first aid

3 Unusual but possible
2 Only possible in the long
term
1 Very unlikely
0,5 Nearly impossible

R
> 320
161 - 319
71 - 160
21 - 70
< 20

Risk
Very high
High
Substantially
Possible
Light

6 Daily during working
hours
3 Weakly or incidental
2 Monthly
1 Several times a year
0,5 Very rarely

Consequence
Consider to stop
Measures required immediately
Correction needed
Attention required
May be acceptable

3.1 Effect or severity of possible injuries
Hazards of processes in which explosive atmospheres arise or may occur, are mainly due to the
large effects that explosions can cause. The factor effect E therefore varies between 7 and 100.
3.2 Probaility of the risk
The probability of the ignition of an explosive atmosphere by electrostatic discharge from an
employee can be expected or is quite possible if he comes into contact with an explosive
atmosphere without effectively functioning PPE. The factor probability P therefore varies between
6 and 10.
3.3 Exposure to danger
Depending on the work to be performed, employees can very often come into contact with an
explosive atmosphere during working hours. Daily exposure occurs to workers who open process
installations or sample storage tanks. Exposure occurs very rarely to employees working in zones 2
or 22, such as service technicians and operators of process installations. The factor exposure X
therefore varies between 0.5 and 6.
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3.4 Risk
Based on the considerations given above the employer can calculate the risk, a:
R=E×P×X
Filling in the highest values of the factors, read: R = 100 × 10 × 6 = 6000, an unacceptable risk.
Fillling in the lowest values of the factors, read: R = 7 × 6 × 0,5 = 21, a risk that requires
attention.
This risk analisys reveals that in all caases where work is performed in possible explosive regions
attention to reduce the risk is required. In other words, effective personal protective equipment is
needed to reduce residual risks.
3.5 Risk reduction
It is clear that a risk reduction is desirable or required in all cases described above. The protection
measures required or desired depend on the tasks. A task-risk analysis (TRA) can provide clarity in
this. Risk reduction is achieved by taking protective measures. In these cases, this is wearing
antistatic PPE. The risk reduction factor required by wearing PPE can be up to 300. This is the case
where an unacceptable risk of 6000 has to be reduced to a perhaps acceptable risk of 20. This
emphasizes the importance of the effective PPE.
In general, multiple layers of protection are applied in situations where a risk is very high. This
means that if one protection measure does not work, another protection measure still provides
adequate protection. For PPE it is impossible or difficult to realize such an extra layer of protection.
That is why error detection, which can be achieved by performing a quick scan, is essential.
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4. Practical research
This chapter describes the measurements performed and the results of those measurements. The
measurements were performed on employees and their PPE at companies in petrochemistry. All the
employees involved work in ATEX zones.

4.1 Organisation
At several meetings of safety experts, NSC-Consultancy asked companies to participate in this
research.
Some safety experts reacted enthusiastically, but had to ask permission from the management. In a
number of cases this permission was not given. The management indicated that, in case of not
complying PPE, this knowledge could chase them: "Who does not know, who does not care". It was
also argued that this knowledge could lead to an increased risk of liability if something went wrong.
Three companies the offered the opportunity for the investigation. A fourth company contacted
NSC-Consultancy to solve a specific problem, measurements have been carried out for this
specifically, but parts of that investigation have also been used for the present investigation. All four
companies (see Table 3) are active in the petrochemical sector.
4.2 Approaching the measurements
The subjects appeared in their PPE for the study. Generally these were antistatic shoes and antistatic
outerwear (coverall or combination of pants and jacket).
The subjects were asked whether they wore inserts or arch supports within their shoes, and if so,
whether they were made antistatic specifically. The subjects were also asked about the clothing they
wore under their PPE clothing. From each subject the resistance to ground was measured and a
discharge measurement was performed.

Figure 1. Schematic outline of the measurement of the resistance to ground
Rg. The resistance of the human body may be neglected with respect to the
resistance of the shoes.

4.2.1 Measurement of the resistance to ground: Rg (MΩ)
The subject stands with his antistatic shoes on a metal plate and holds a metal probe in his hand.
The resistance between the probe and the ground plate is measured with a resistance meter (Metriso
2000). The result is a value Rg in kΩ, MΩ, GΩ or TΩ. During these measurements, the resistance
meter automatically selects a test voltage, which depends on the measured resistance (10 V in the
kΩ range and up to 500 V in the TΩ range). The accuracy of the measurement decreases as the
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resistance increases (5% in the kΩ range and up to 25% in the TΩ range).
4.2.2 Discharge measurement: decay-time τ (s)
This measurement determines the discharge through the clothing by means of a metal probe (Trek,
model 157, charged plate monitor). The measuring instrument electrostatically charges a metal
probe to a voltage of 1024 V. The probe is built into an elbow tester (Figure 2). Laboratory tests
have shown that the results of the measurements with the elbow tester correspond to standardised
discharge measurements. The test person is dressed in his antistatic clothing and stands with his
antistatic shoes on a metal plate. He / she places his forearm on the elbow tester, causing the probe
to discharge. The decay-time τ is the time in seconds in which the probe discharges to a voltage of
500 V.

Figure 2. The elbowtester with probe visible (left) and used in practice
(right).

4.3 Results
A number of 80 persons have been involved as subject in this investigation, they work at four
different companies.
The mean values for the measurements of Rg and τ with the standard error of the mean values (SEM) are
shown in Table 3.
Table 3. Mean values of Rg (MΩ ), τ (s), number of cases "τ ≤ 0.01" and environmental conditions
aantal τ ≤ 0.01

RH (%)

T (°C)

12,7 ± 2,5

6 (25%)

44,7

23,6

12,4 ± 1.2

5,4 ± 1,4

8 (33%)

42,3

23,1

29

2,9 ± 0.6

0,7 ± 0,2

14 (48%)

60,8

21,8

2 (3*)

27 ± 10

0,11 ± 0,06

-

-

-

Company

n

<Rg> ± SEM (MΩ)

1

24

7,5 ± 1.2

2

24

3
4

<τ> ± SEM (s)

The value <Rg> for company 4 is calculated from 2 subjects. One subject was excluded, because
this person had a resistance to ground more than 499 MΩ. This person wore safty shoes, but these
did not (any more) match the requirement for Rg. The remaining values of Rg ranged from 506 kΩ
to 37,1 MΩ.
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For all subjects the decay-time τ is plotted as a function of the resistance to ground Rg in Figure 3.
The values of Rg and τ are not distributed normally (Figure 3).
The mean values <Rg> and <τ> for the four companies involved differ from each other significantly
(see Table 3). This is partly caused by the (28 out of 80) cases with τ ≤ 0,01 s. Values τ < 0,01 s
could not be measured with the charged plate monitor used.
No relation is found between the values <Rg> and <τ> on hand and and the atmospheric humidity
measured on the other hand.

Figure 3. The decay-time τ as a function of resistance to ground Rg.
Yellow marked: inlay or arch supporting soles
Orange marked: specifically antistatic arch supporting soles

Within the group of 80 subjects 7 used inlay or arch supporting soles in theis shoes, one of them
used specifically made antistatic soles. These are indicated in Figure 3 with a yellow and orange
colour respectively.
From the raw data it turns out that there is a significant difference between the decay-times τ
measured at subjects wearing underwear with short sleeves (<τ> = 3,8 ± 0,1 s, n = 59) and long
sleeves (<τ> = 10,4 ± 2,4 s, n = 21). This is shown in Figure 4.
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Figure 4. The decay-time τ shown for underwear with short sleevs and long sleeves.
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5. Analysis of the results
The results, which are presented in chapter 4, are subjected to a critical consideration in this chapter. This is
necessary, because a quick-scan, which has the potential to be implemented widely, will have to be
substantiated firmly.

5.1 Resistance to ground Rg
One of the 80 subjects did not met the requirement for the resistance to ground
100 kΩ < Rg < 100 MΩ. Even the subjects who used non-specially made antistatic inlay or arch
supports met this requirement. Most subjects showed a measured value Rg < 20 MΩ, thus they fully
met the requirement of 100 kΩ - 100 MΩ (see § 2.4.2.1 and § 2.4.2.2).
The Rg measurements were done on one hand. These measurements are representative of the entire
body, because the resistance of the body (i.e. about 1 kΩ) is much smaller than the minimum
measured resistance to ground (506 kΩ) and the minimum permissible resistance of the shoe
(100 kΩ).
According to the estimation from the safety shoe sector (see § 1.3), 28 people out of 80 would use
inlays or arch supports in their shoes. Within the gorup of subjects who participated in this study,
there were 7. It may carefully be concluded that the number of wearers of inlays or arch support
soles is lower than the previously estimated 35%.
5.2 Decay-time τ
The measured values of the decay-time τ are all below 40 s. Within the three groups of subjects
there are relatively large groups (25 - 48%, see Table 3) with a decay time below the measurable
limit of 0.01 s.
Figure 3 shows that there is no significant correlation between the values τ and Rg. This means that
the resistance of the subject's body to ground apparently plays a minor role in the discharge of his
clothing. Other mechanisms such as skin contact, sweaty behaviour and undergarments probably
play a dominant role here. This assumption is supported by the observation that the value of τ is on
average smaller in subjects wearing short-sleeved underwear than in subjects wearing long-sleeved
underwear (see Figure 4).
The designed elbow tester ensures a certain pressure between the forearm skin, the clothing and the
probe. As a result, the electrical contact between the clothing and the skin could be greater than the
contact with the clothing worn normally. The consequence of this may be that a too low value of τ is
measured systematically. The tests described in Appendix 2 show that the elbow tester gives a good
indication of the discharge behavior. In those cases where τ < 1 s, the electrical resistance of the
garments meet the requirement that applies to ESD zones (Rss < 10 GΩ).
For ESD zones, a discharge time of up to 35 s is permissible for a voltage of 1000 V to 100 V.
Assuming a discharge behaviour according to an e-power function from 1024 V to 500 V, the value
of the decay-time τ for ESD zones corresponds to :
1024 V
)
500 V
=11 s
1000V
ln (
)
100V

35 s × ln (
τ=

Because the danger resulting from an explosion is greater than the danger that occurs in an ESD
zone, a shorter decay time requirement for ATEX zones is justifiable.
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5.3 Measurements compared to a model
There is no criterion for the value of the decay time τ, which the clothing of employees must meet.
Therefore, using a model (Appendix 1), we tried to estimate a practical value for this, which is
τ ≈ 1 s.
If τmax = 1 s is used as the maximum allowable value, 38 of 80 test subjects do not meet the
requirement proposed. If τmax = 10 s would be set, 16 people do not meet the requirement.
The maximum allowable discharge time of the human body can be calculated using the capacity of
the human body and (C = 150 pF, 10 p.101) and the maximum permissible resistance of the shoe
(R = 100 MΩ):
λ=

1
1
−1
=
=67 s
6
−12
R⋅C 100⋅10 ×150⋅10

This value can be filled in in equation 1.4, giving:
Ve
) −ln ( 500 V )
Vi
1024 V
=
=0,011 s
λ
67 s−1

−ln (
τbody =

This value is two orders of magnitude smaller than the value calculated of 1 s with the model
proposed. In the model, the capacity of the clothing is comparable to that of the human body (45 pF
and 150 pF, respectively). The difference between the values of τ is mainly caused by the maximum
resistance of the shoe and the charging time of 5 seconds used in the model. It is unknown on which
considerations the maximum permissible resistance of the shoes is based.
5.4 Weather conditions
The measurements were performed in the months of March to July 2017. In these months it was not
freezing and therefore the air was fairly humid. With continuous frost the ambient air is drier and
the values of Rg and τ can be expected to be higher.
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6. Conclusion and recommendations
The problem definition was: Which criteria must be met by a quick scan that provides an adequate
answer to the question whether there are unacceptable risks due to electrostatic discharge of
employees?
The risk analysis in chapter 3 shows that, in some cases, the PPE must ensure a large risk reduction.
In those cases it is recommended to check the effectiveness of the PPE with a quick scan.
The practical research has shown that the quick scan is practically implementable: it can be
executed in a short and simple manner. The combined measurement of Rg and τ can be performed
within one minute.
The maximum value of Rg is already set at 100 MΩ.
The maximum value of τ has yet to be determined, but is probably in the order of 1 s. The
discrimination value of τ can be determined by a group of experts (e.g. a standardisation
committee). For the implementation of a practical quick scan, a decay-time meter should be
developed, which gives a pass / fail result and is set to the correct discrimination value.
Additional measurements should be carried out in a period of sustained frost, because then the
atmospheric humidity is lower. It is common known that the problems with static electricity are
greater in dry ambient air.
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Appendix 1: Theoretical estimation of the decay-time τ recommended
In this appendix an estimate is made of the recommended maximum value that the decay-time τ may have
when using the quick scan. Due to the rough assumptions used in the model, the resulting value has to be
considered as an indication of the order of magnitude.

Currently there is no recommended value for the decay time for the discharge of clothing. To make
a statement about this, the following model has been used. The model person has a shoulder height
of 160 cm and a shoulder circumference of 110 cm. This is modeled as a cylinder with a height of
160 cm and a diameter of 35 cm. The clothing is considered to be a conductor and the person is in a
corridor, which is modeled as a conductive cylinder with a diameter of 120 cm.

Figure A1.1 Garments of a person, modeled as a cylinder
with length l and radius a in an environment with radius b.

The model has the following properties:
a radius of the clothing
= 0.175 m
b radius of the environment = 0.60 m
l length of the clothing
= 1.60 m
The capacity of the modeled clothing in this environment is given by:
C=

2π • k • ε 0 • l 2π •1 • 8.85• 10−12 • 1.60
−11
=
=4.5• 10 F =45 pF
b
0.6
ln ( )
ln (
)
a
0.175

(1.1)

This value is somewhat smaller than the 150 pF, which is proposed for the human body (10, p. 101)
A person can build up an electrical voltage up to Vi = 20 kV (10, p. 101). The electrical energy stored
within the clothes can be calculated as:
1
Q= •C • V 2 =0.5• 4.5• 10−11 •( 20 000)2=9.0 mJ (1.2)
2
This is of the same order of magnitude as the ignition energy of unsaturated hydrocarbons, with
ranges from 0.1 mJ to 10 mJ. So the discharge of the clothing can be an ignition source for an
explosive atmosphere containing unsaturated carbohydrates of combustibles.
The elektrostatic charge can be collected by the person during walking, a high voltage can be
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attained after some steps. If the electrostatical charge is built up during a walking time of 5 s, the
discharge to V 5 sec = 500 V should also take place in about 5 s. If the discharge is decribed by an epower function the time constant λ can be calculated as:
−ln (
−λ⋅t

V 5 sec =V i×e

→

λ=

V 5 sec
) −ln ( 500 )
Vi
20 000
−1
=
=0.73 s
t
5

(1.3)

The decay-time τ, i.e. the time lasting the discharge from 1024 V to 500 V, can be calculated
according to:
500 V
)
1024 V
=0.98 s≈1 s
−1
0.73 s

−ln (
τ=

( 1.4)

NOTE: The presumptions used in this model have large influence on the estimated value of τ, the
end result has to be considered as an indication of the order of magnitude.
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Appendix 2: Relation between decay-time τ and electrical resistance of the
clothing
In this appendix a relation is made between the decay-time τ and the electrical resistance of the clothing.
There are no limit values for these properties in the ATEX legislation and the applicable standards. However,
limiting explosion risks due to electrostatic effects is essential. So measuring the decay time τ is essential. In
order to substantiate the added value of the quick scan and to determine a limit value for τ, it is important to
determine the relationship between τ and the electrical resistance of the clothing.

For clothing that is suitable to be worn within ESD zones, the requirements and measurement
methods are more extensive than the requirements for clothing that is suitable for ATEX zones. One
of the easily measurable quantities is the electrical resistance from the cuff of one sleeve to the cuff
of the other sleeve. The maximum permissible value for this is 100 GΩ for ESD use, according to
the IEC 61340 standard series. This value is also suitable for ATEX clothing, because this value is
pretty good measurable and guarantees a good discharge of static electricity.
B2.1 Discharge measurement: decay-time τ (s)
The subject is standing with his shoes on a metal
plate. The subject wears undergarments with long
sleeves. He puts his forearm on the elbow tester.
It contains the probe of a charged plate monitor
(Trek, model 157), which is charged to a voltage
of 1024 V. The decay-time τ is the time in
seconds during which the voltage drops to 500V.
The test is performed 5 times on the left sleeve
and 5 times on the right sleeve.

Figure B2.1. Measurement set up
for decay-time τ measurement at
both sleeves.

B2.2 Discharge measurement: decay-time τ (s)
The garment hangs on an insulated hanger. The
probe of the charged plate monitor (Trek, model
157) is clamped to a chest height. The garment is
grounded at the bottomside with a crocodile clip.
The charged plate is charged to a voltage of
1024 V. The decay-time τ is the time in seconds
during which the voltage drops to 500V. The test
is performed 5 times.

Figuur B2.2. Measurement set up
for decay-time τ measurement at
the middle front side.
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B2.3 Resistance measurement Rss (GΩ)
The garment is hung up isolated. Crocodile clips
are connected to the cuffs of both sleeves.
The resistance between the crocodile clips is
measured with a Metriso 2000. The
measurement is performed 5 times. The values
are in the GΩ range.

Figuur B2.3. Meetopstelling Rss
meting.

The resistance Rss and the decay time τ were measured at seven garments. The averages of the
values found are shown in the graph below.

Figure B2.4. The decay-time τ as a function of the resistance Rss of the garments
investigated. Values τ < 0,01 s are beyond the measuring range of the charged plate
monitor used. Values Rss > 1 TΩ are beyond the measuring range of the resistance
meter used, these values are indicated by ∆.

These measurements show no strong correlation between the values of <Rss> and <τ> measured,
but for values Rss <100 GΩ the corresponding values τ are well below 10 s.
The orange diamond shows a value of <τ> = 2.6 s, this value is strongly influenced by one outlier
of 10 s. This outlier is caused by a measurement on a spot where this garment is heavily
contaminated. Excluding this measurement is permissible on the basis of the Chauvenet criterion,
provided that the measured values are normally distributed. This can not be determined on the basis
of the small number of measurements (n = 5). However application of this criterion brings the
average value to 0.85 s. This would mean for all cases where Rss < 100 GΩ the values <τ> for the
sleeves ar <1 s.
The values of <τ> for the middle front are larger than those for the sleeves, presumably because the
grounding contact is smaller at the bottom side of the garment and relatively far away from the
charged probe.
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