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Foreword 

This document (CEN/TS 16516:2013) has been prepared by Technical Committee CEN/TC 351 “Construction 
products - Assessment of release of dangerous substances”, the secretariat of which is held by NEN. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights. 

This document has been prepared under a mandate given to CEN by the European Commission and the 
European Free Trade Association. 

According to the CEN-CENELEC Internal Regulations, the national standards organisations of the following 
countries are bound to announce this Technical Specification: Austria, Belgium, Bulgaria, Croatia, Cyprus, 
Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, 
Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, 
Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom. 
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Introduction 

This Technical Specification was developed in the frame of the Mandate M/366 "Development of horizontal 
standardized assessment methods for harmonised approaches relating to dangerous substances under the 
Construction Products Regulation (CPR)" addressing the preparation of horizontal measurement/test methods 
for the determination of emission of regulated dangerous substances from construction products into indoor 
air. This mandate is a complement to the product mandates granted by the European Commission to CEN 
under the Construction Products Regulation. The harmonised products standards (hEN) developed in CEN 
under mandates from the European Commission specify construction product(s) as put on the market and 
address their intended conditions of use.  

This Technical Specification has gone through a robustness validation for identifying how small changes in 
specific testing parameters can influence the test result. This study also delivered data on repeatability within 
one testing laboratory (see Annex A). It is planned to convert the TS into an EN standard immediately after 
publication of this TS taking into account any relevant information provided during that process. This may 
include data from further round robin tests. 

It is vital that such information is clearly linked to a specified product in a product standard. The responsibility 
of product specification is with the product TCs, as described in CEN/TR 16496. This determination of 
emission into indoor air is to be carried out on products under their intended conditions of use. The intended 
use of a construction product is generally specified in the corresponding harmonised product standard. The 
specific emission rates determined using this Technical Specification are associated with application of the 
product in a defined European Reference Room under specified climate (temperature and humidity) and 
ventilation conditions. A reference room is needed since it is not possible to evaluate emissions by testing in 
all possible use scenarios. 

The reference room dimensions, resulting product loading factors, as well as climate and ventilation conditions 
are selected to represent the general indoor environment (see Clause 4). Based on the huge amount of 
available European experience, it was possible to identify one emission scenario and one reference room and 
associated set of product loading factors to be used.  

This Technical Specification specifies the horizontal reference method for testing the emission (release) of 
dangerous substances from construction products into indoor air. This method uses a test chamber in which 
emissions are generated under conditions which are kept constant during the test. These conditions are 
selected so that the test results can be expressed in terms of chemical concentrations in the air of the 
reference room (see Clause 7 and Clause 9). It is to be noted that the test chamber is defined in terms of 
performance requirements. This responds to the requirement of Mandate M/366 for a horizontal approach but 
still maintains sufficient flexibility on chamber dimensions to ensure representative samples of different 
materials can be accommodated (see Clause 5). Clause 8 of this Technical Specification specifies how 
emitted regulated dangerous substances should be analysed. 

This Technical Specification also addresses separately (see Clause 11 and Annex B) indirect methods that 
provide, within their specific field of application, a result that is comparable or that correlates with the result of 
the reference method. Such methods may be easier to apply and/or be cheaper. They are in accordance with 
mandate M/366 provided that their comparability or correlation to the reference test method has been 
demonstrated in their specific field of application. They are especially suitable for Factory Production Control 
testing (FPC). 

The selection of one emission scenario and one reference room for evaluating emissions to indoor air is in 
general accordance with the approach taken in existing European national regulations and voluntary schemes 
relating to emissions from construction products into indoor air. It also accords with the horizontal 
requirements of mandate M/366. The aim of this Technical Specification is not to develop a new testing 
method but to combine by normative references the use of existing standards complemented, when 
necessary, with additional and/or modified requirements so that – according to the horizontal concept 
specified in mandate M/366 – construction products can be evaluated under comparable conditions with 
regard to emissions into indoor air. 
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In summary, the horizontal test method specified in this Technical Specification determines the specific 
emission rate of volatile organic compounds from a construction product into indoor air. This can be converted 
into a concentration in the air of the reference room by calculation. 

This Technical Specification has not been evaluated for the determination of 'steady state' concentration of 
formaldehyde. 

NOTE A European Standard (EN 717-1) exists for the determination of formaldehyde emissions from wood-based 
panels, in terms of 'steady state' concentration.  
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1 Scope 

This Technical Specification specifies a horizontal reference method for the determination of emissions of 
regulated dangerous substances from construction products into indoor air. This method is applicable to 
volatile organic compounds, semi-volatile organic compounds, and volatile aldehydes. It is based on the use 
of a test chamber and subsequent analysis of the organic compounds by GC-MS or HPLC.  

NOTE 1 Supplemental information is given on indirect test methods (Annex B) and on measuring very volatile organic 
compounds (see informative Annex C). 

NOTE 2 This Technical Specification describes the overall procedure and makes use of existing standards mainly by 
normative reference, complemented when necessary with additional or modified normative requirements.  

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated references, 
the latest edition of the referenced document (including any amendments) applies. 

CEN/TR 16220:2011, Construction products  Assessment of release of dangerous substances  
Complement to sampling 

CEN/TR 16496:2013, Construction Products  Assessment of release of dangerous substances  Use of 
harmonised horizontal assessment methods 

EN ISO 13137, Workplace atmospheres  Pumps for personal sampling of chemical and biological agents  
Requirements and test methods 

EN ISO 16000-9:2006, Indoor air  Part 9: Determination of the emission of volatile organic compounds from 
building products and furnishing  Emission test chamber method (ISO 16000-9:2006) 

EN ISO 16000-11:2006, Indoor air  Part 11: Determination of the emission of volatile organic compounds 
from building products and furnishing  Sampling, storage of samples and preparation of test specimens 
(ISO 16000-11:2006) 

EN ISO 16017-1, Indoor, ambient and workplace air  Sampling and analysis of volatile organic compounds 
by sorbent tube/thermal desorption/capillary gas chromatography  Part 1: Pumped sampling (ISO 16017-1) 

ISO 554, Standard atmospheres for conditioning and/or testing  Specifications 

ISO 16000-3:2011, Indoor air  Part 3: Determination of formaldehyde and other carbonyl compounds in 
indoor air and test chamber air  Active sampling method  

ISO 16000-6:2011, Indoor air  Part 6: Determination of volatile organic compounds in indoor and test 
chamber air by active sampling on Tenax TA sorbent, thermal desorption and gas chromatography using MS 
or MS-FID 

3 Terms, definitions and abbreviations 

For the purposes of this document, the following terms, definitions and abbreviations apply. 

NOTE Several of the defined terms on product sampling are closely related, which is also depicted in Figure 1. This 
figure and the relevant definitions are taken from CEN/TR 16220:2011. 
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3.1 Terms relating to sampling and products 

 

Figure 1 — Relation between the key terms of product sampling 

3.1.1 
composite sample 
average sample, aggregated sample 
sample that consists of two or more increments, put together in appropriate portions, from which the mean 
value of a desired characteristic may be obtained 

[SOURCE: adapted from ISO 11074:2005, 4.3.3] 

3.1.2 
curing 
hardening of freshly prepared mixtures under well-defined conditions (time, temperature, humidity, etc.) 
specified in harmonised product standards 
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3.1.3 
curing time 
minimal time defined necessary for curing before an emission test can be executed to perform relevant test 
results 

3.1.4 
increment 
individual portion of product collected by a single operation of a sampling device which is not tested as a 
single entity, but is mixed with other increments in a composite sample 

Note 1 to entry: Whenever the portion of product collected by a single operation of a sampling device is analysed 
individually, the obtained product is called a sample. In such a situation, the quantity of product should fulfil both the 
criteria for the size of an increment as well as for a sample. 

[SOURCE: adapted from ISO 11074:2005, 4.1.8 as in CEN/TR 16220:2011, 2.4.5] 

3.1.5 
laboratory sample 
sample or sub-sample(s) sent to or received by the laboratory 

Note 1 to entry: When the laboratory sample is further prepared by mixing, drying, grinding or by combinations of 
these operations, the result is the test sample. When no preparation of the laboratory sample is required, the laboratory 
sample is the test sample. A test portion is removed from the test sample for the performance of the test/analysis or for the 
preparation of a test specimen. 

Note 2 to entry: The laboratory sample is the final sample from the point of view of sample collection but it is the initial 
sample from the point of view of the laboratory. 

[SOURCE: IUPAC, 2.5.5] 

3.1.6 
population 
totality of items under consideration 

Note 1 to entry: See also the term sub-population. 

[SOURCE: adapted from ISO 11074:2005, 4.1.11 as in CEN/TR 16220:2011, 2.4.3] 

3.1.7 
sample 
portion of material selected from a larger quantity of material 

Note 1 to entry: The manner of selection of the sample should be described in a sampling plan. 

Note 2 to entry: The term "sample" is often accompanied by a prefix (e.g. laboratory sample, test sample, test 
specimen) specifying the type of sample and/or the specific step in the sampling process to which the obtained material 
relates. 

[SOURCE: IUPAC, 2.1.1] 

3.1.8 
sampling plan 
predetermined procedure for the selection, withdrawal, preservation and transportation of product samples 

[SOURCE: CEN/TR 16220:2011, 2.3] 
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3.1.9 
scale 
minimum quantity (mass or volume) of the product for which test results are obtained 

Note 1 to entry: Information on characteristics of the product, including emission and variations therein, for a quantity 
of product smaller than the defined scale, is judged to be not relevant for description of product properties, e.g. for 
evaluation of emissions into indoor air. 

Note 2 to entry:  Sometimes this quantity is called lot or batch. 

[SOURCE: CEN/TR 16220:2011, 2.4.4] 

3.1.10 
sub-population 
defined part of the population that is targeted for the purposes of testing 

Note 1 to entry: See also the term population. 

EXAMPLE Consider a continuous production process that results in a specific product. The population for that 
product is all the individual products produced between the moment the production process started (this may be years 
ago) and the moment the production process ends (this may be years ahead). From the perspective of testing, this 
definition does not provide a practical concept. Products produced in the past are no longer available for testing, while 
products that might be produced in the (far) future are neither available. The term sub-population provides a workable 
alternative, as the "start" and "end" of the sub-population can be defined in a practical way. For the same product, already 
in production for a number of years, the sub-population might be the production of a year, the production of a month, or 
what other definition is practical. 

[SOURCE: adapted from ISO 11074:2005, 4.1.29 as in CEN/TR 16220:2011, 2.4.3] 

3.2 Terms relating to emissions into indoor air and associated laboratory testing 

3.2.1 
air change rate 
ratio of the volume of air brought into the test chamber per hour and the free test chamber volume measured 
in identical units 

[SOURCE: EN ISO 16000-9:2006, 3.1] 

3.2.2 
air flow rate 
ventilation rate 
air volume entering into the emission test chamber per unit of time 

Note 1 to entry: Air flow rate is expressed in litres per second or in cubic metres per hour (l/s, m3/h). 

[SOURCE: adapted from EN ISO 16000-9:2006, 3.2] 

3.2.3 
chamber blank value 
test result obtained by carrying out the test procedure in the absence of a test portion/specimen 

Note 1 to entry: Blank value is expressed in micrograms per cubic meter (µg/m3). 
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3.2.4 
compound recovery 
measured mass concentration of a target volatile organic compound in the air leaving the emission test 
chamber during a given time period divided by the mass concentration of the same target volatile organic 
compound added to the emission test chamber air in the same time period, expressed in percent 

Note 1 to entry: The recovery provides information about the performance of the entire method. 

[SOURCE: EN ISO 16000-9:2006, 3.9]  

3.2.5 
emission 
liberation of chemical substances from a construction product into air 

Note 1 to entry: Emission may be expressed as an emitted quantity in terms of concentrations in a defined volume of 
air or in terms of emission rate per hour and per unit quantity of the construction product (i.e. per area, length, mass, 
volume, unit or component). 

Note 2 to entry: The terms "emission" and "release" have fundamentally the same meaning. However, by tradition, the 
term "emission" is used when describing liberation of chemical substances or radiation into air and the term "release" is 
used when describing the liberation of chemical substances into soil or water. 

3.2.6 
emission test chamber 
enclosure with controlled operational parameters for the determination of volatile organic compounds emitted 
from construction products 

[SOURCE: adapted from EN ISO 16000-9:2006, 3.6] 

3.2.7 
emission test chamber concentration 
mass concentration of a specific volatile organic compound, VOC, (or group of volatile organic compounds) in 
test chamber air measured in the emission test chamber outlet 

[SOURCE: EN ISO 16000-9:2006, 3.7] 

3.2.8 
intended conditions of use 
conditions that a product may experience during service life and that influence its release/emission behaviour 

3.2.9 
mass concentration of the compound in the reference room air 
mass concentration of a specific volatile organic compound, VOCs, (or group of volatile organic compounds) 
in a reference room 

3.2.10 
product loading factor 
ratio of exposed dimension of the test specimen to the free test chamber volume 

Note 1 to entry: The product loading factor is often expressed as the ratio of the exposed area of the test specimen 
and the volume of the test facility (LA expressed in m2/m3). The product loading factor can also be expressed as ratio of 
the exposed length, volume or unit(s) of the test specimen and the volume of the emission test facility (LL expressed in 
m/m3, LV expressed in m3/m3 or LU expressed in u/m3). 

[SOURCE: adapted from EN ISO 16000-9:2006, 3.8] 
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3.2.11 
reference room 
room with conventional dimensions, climate and ventilation used as reference for any specification of emission 
testing and any calculation of VOC concentration in indoor air 

Note 1 to entry: In this Technical Specification, a reference room is specified in 4.2. 

3.2.12 
specific air flow rate  
q 
ratio of air change rate and product loading factor 

Note 1 to entry: Specific air flow rate can be expressed as the area specific air flow rate qA , equivalent to ratio of the 
air flow rate and the surface area of the test specimen in [m3/m2*h], which is equivalent to the expression [m/h]. 

Note 2 to entry: This definition includes other specific air flow rates than only the area specific air flow rate. Specific air 
flow rates can also be volume specific (qv expressed in m3/(m3*h)), length specific (qL expressed in m3/(m*h)), mass 
specific (qm expressed in m3/(kg*h)), or unit specific (qu expressed in m3/(unit*h)). 

[SOURCE: adapted from EN ISO 16000-9:2006, 3.4] 

3.2.13 
specific emission rate SER (emission factor) 
product specific rate describing the mass of a volatile organic compound emitted per unit of product per unit of 
time at a given time from the start of the test 

Note 1 to entry: This definition is intended to avoid confusion between the terms q (in 3.2.12) and q (used for specific 
air flow rate in EN ISO 16000-9). The specific emission rate can be related to area, length, volume, mass or unit, 
expressed as SERA in µg/(m²*h), SERL in µg/(m*h), SERV in µg/(m³*h), SERm in µg/(kg*h), or SERU expressed in µg/(u*h). 

[SOURCE: adapted from EN ISO 16000-9:2006, 3.11] 

3.2.14 
test portion 
quantity or volume removed from the test sample for analysis purposes, generally of known weight or volume 

[SOURCE: IUPAC, 2.5.7] 

3.2.15 
test sample 
sample, prepared from the laboratory sample from which test portions are removed for testing or for analysis 

[SOURCE: IUPAC, 2.5.6] 

3.2.16 
test specimen 
test portion specially prepared for emission testing in an emission test chamber in order to simulate the 
emission behaviour of the product under intended conditions of use 

EXAMPLE In case of floorings the test portion is a defined area of the flooring. The test specimen is prepared from 
this by covering the edges and the back of the flooring, because these surfaces do not have contact to the indoor air under 
service life conditions. 

[SOURCE: adapted from EN ISO 16000-9:2006, 3.13] 
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3.3 Terms relating to determination of emitted substances 

3.3.1 
LCI value 
Lowest Concentration of Interest 
substance-specific value for health-related evaluation of the emission from construction products 

3.3.2 
limit value 
numerical limit derived from national, European or contractual provisions 

Note 1 to entry:  Limit values for dangerous substances may be defined for environmental media or for product 
performance like emission or content of the product. 

3.3.3 
non-target compound 
compound for which the test result is not compared with a compound specific limit value 

3.3.4 
R value 
sum of all Ri values 

3.3.5 
Ri value 
Ratio Ci / LCIi, where  

 Ci is the mass concentration in the air of the reference room 

 LCIi is the LCI value of compound i  

3.3.6 
semi-volatile organic compounds 
SVOC 
all organic compounds which, in a gas chromatographic column as specified in 8.2.2, are eluting with a 
retention range between n-hexadecane (excluded) and n-docosane (included)  

Note 1 to entry: The measurement is carried out using a capillary column coated with 5 % phenyl/95 % methyl-poly-
siloxane. 

Note 2 to entry: This definition corresponds to volatile organic compounds with a boiling point approximately higher 
than 287 °C. 

Note 3 to entry: Other definitions are given by the World Health Organization (WHO) 1987, ISO 16000-6. 

3.3.7 
target compound 
compound for which the test result is compared with a compound specific limit value 

[SOURCE: adapted from EN ISO 16000-9:2006, 3.12] 
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3.3.8 
total semi-volatile organic compounds 
TSVOC 
sum of the concentrations of the identified and unidentified volatile organic compounds eluting with a retention 
range between n-hexadecane (excluded) and n-docosane (included) on a gas chromatographic column as 
specified in 8.2.2 

Note 1 to entry: The measurement is carried out using a capillary column coated with 5 % phenyl/95 % methyl-poly-
siloxane. 

[SOURCE: adapted from EN ISO 16000-9:2006, 3.14] 

3.3.9 
total volatile organic compounds 
TVOC 
sum of the concentrations of the identified and unidentified volatile organic compounds eluting between and 
including n-hexane and n-hexadecane on a gas chromatographic column as specified in 8.2.2 

Note 1 to entry: The measurement is carried out using a capillary column coated with 5 % phenyl/95 % methyl-poly-
siloxane. 

[SOURCE: adapted from EN ISO 16000-9:2006, 3.14] 

3.3.10 
very volatile organic compounds 
VVOC 
all volatile organic compounds eluting before n-hexane on a gas chromatographic column as specified in 8.2.2  

Note 1 to entry: This definition corresponds to volatile organic compounds with a boiling point lower than 
approximately 68 °C. 

Note 2 to entry: Other definitions are given by the World Health Organization (WHO) 1987, ISO 16000-6. 

3.3.11 
volatile organic compounds 
VOC 
all volatile organic compounds eluting between and including n-hexane and n-hexadecane on a gas 
chromatographic column as specified in 8.2.2 

Note 1 to entry: The measurement is carried out using a capillary column coated with 5 % phenyl/95 % methyl-poly-
siloxane. 

Note 2 to entry:  This definition corresponds to volatile organic compounds with a boiling point in the range of 
approximately 68 °C to 287 °C. 

Note 3 to entry: Other definitions are given by the World Health Organization (WHO) 1987, ISO 16000-6, Decopaint 
Directive 2004/42/EC. 

[SOURCE: adapted from EN ISO 16000-9:2006, 3.15] 

3.4 Abbreviations 

GC Gas Chromatography 

HPLC High performance liquid chromatography 

LCI Lowest Concentration of Interest 

MS Mass Spectrometry 
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q Specific Air Flow Rate 

R Ratio of concentration and limit value 

SER Specific Emission Rate 

SVOC Semi-Volatile Organic Compound 

TSVOC Total Semi-Volatile Organic Compound 

TVOC Total Volatile Organic Compound 

VOC Volatile Organic Compound 

VVOC Very Volatile Organic Compound 

4 Intended conditions of use, emission scenarios and European reference room 

4.1 Intended conditions of use and emission scenario 

The intended conditions of use describe the purpose, place and circumstances of typical application(s) of a 
construction product as defined in a product standard. This includes the intended use, (e.g. for what purpose, 
how the product typically is installed, etc.), and an emission scenario.  

Regarding the determination of emission into indoor air, the emission scenario specifies the climate and 
ventilation conditions of the air surrounding the product in a reference room. The actual condition(s) of use in 
reality may be different. It is also not possible to evaluate emissions by testing under all possible use 
scenarios. Therefore, this Technical Specification specifies a set of conditions that are generally agreed to be 
representative of use of the product in "normal" indoor environments, such that all construction products can 
be evaluated under comparable conditions. 

These defined conditions assume a standardised installation of the product in a reference room with 
standardised dimensions, climate and ventilation. 

4.2 Reference room and emission scenario 

4.2.1 General 

In this horizontal Technical Specification, only one reference room and one emission scenario are specified 
and used as conventional references for any specification of emission testing and any calculation of 
concentration of emitting compounds in indoor air. 

If any piece of legislation or a particular application of the test requires a different reference room then the 
results may be transformed by calculations within the ranges where such calculations are valid (see Clause 7 
and Clause 9). 

4.2.2 Dimensions and loading factors in the reference room 

The dimensions of the reference room are specified as listed below:  

 The walls are 2,5 m high.  

 Floor and ceiling both measure 3 m x 4 m resulting in surface of 12 m2 each.  

 There is one door of 0,8 m (width) x 2 m (height) (1,6 m2). 

 There is one window of 2 m2. 
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 Then the total wall area (minus door and window) is 31,4 m2. 

Then the total air volume is 30 m3. Using these reference room dimensions, the product standards shall 
specify one of the following loading factors L, depending on the product type: 

 1,0 m2/m3 – walls; 

 0,4 m2/m3 – floor, ceiling; 

 0,05 m2/m3 – small surfaces, e.g. a door; 

 0,007 m2/m3 – very small surfaces, e.g. sealants. 

If the above surfaces and resulting loading factors do not represent the intended conditions of use of a specific 
product, the product TC shall specify that the nearest surface and resulting loading factor shall be applied. 

If the intended conditions of use imply the possibility that a product is used on more than one of the above 
surfaces, the appropriate surfaces and loading factors either shall be summed, or the largest applicable 
surface and loading factor shall be applied. 

NOTE In this Technical Specification, the reference room dimensions and associated loading factors are normative 
and correspond to a small, normal living room. However, the corresponding loading factors remain similar to those given in 
the informative annex of EN ISO 16000-9:2006. 

4.2.3 Ventilation in the reference room 

The rate of ventilation with fresh air is specified at 0,5 air changes per hour (15 m3h-1) for the reference room 
to represent, by convention, normal indoor air conditions. In conjunction with the climate and dimensions 
conditions this ventilation rate is the reference representing by convention the "general" indoor air conditions.  

NOTE 1 Real air change rates have been observed as less than 0,3 air changes per hour in naturally ventilated energy 
efficient, air tight buildings to more than 1 air change per hour with continuous mechanical ventilation. 

NOTE 2 In Clause 9, a calculation formula is given for recalculation of a test result (when expressed as concentration 
in air) to another air change rate than the specified one, within a valid range.  

4.2.4 Climate conditions in the reference room 

The climate conditions specified in ISO 554 and in EN ISO 16000-9, i.e. 23 °C and 50 % relative humidity, 
shall be applied to the reference room to represent, by convention, general indoor air conditions. 

4.3 Time schedule of emission(s) determination  

The time schedule specified in EN ISO 16000-9 shall be used for emissions evaluation, i.e. short-term 
emissions shall be tested at three days and long-term emissions shall be tested at 28 days after installation of 
the product.  

At 28 days after installation of the product, either steady-state emissions have been reached, or the decay of 
emissions has at least slowed significantly. Such a situation may be reached much earlier for some products. 
In such cases, an optional shorter testing duration shall be clearly defined in the relevant product standards to 
evaluate the emissions at the above reference time schedule, if the comparability with the 28 days testing is 
shown in line with the requirements specified for applicability of indirect methods in Clause 11. 

NOTE Emissions of some SVOCs can increase after day 3. 
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5 Product sampling and transport to the laboratory 

5.1 Introduction  

This clause summarises basic elements of sampling as a complement to specifications on sampling in the 
relevant product standards. Product specific details need to be specified in those product standards (see 
Annex D). 

5.2 Objective of sampling 

The objective of sampling from a construction product shall be to obtain a laboratory sample that is: 

 sufficiently representative of the quantity of product being assessed, see D.1, D.2 and D.3; 

 fulfilling the prerequisites for the test(s) to be performed (e.g. possibility to make a test specimen from the 
sample, fitness for the determination of the emission of regulated dangerous substances into indoor air). 

5.3 Preparation of a sampling plan and sampling strategy 

5.3.1 General 

The relevant product standards shall require development of a sampling plan (see D.6) prior to actual product 
sampling for assessing the emission of regulated dangerous substances into indoor air.  

Existing sampling plans for testing other product properties may not always cover sufficiently the needs of 
testing emissions of regulated dangerous substances from construction products into indoor air. 

5.3.2 Sampling approach 

The most appropriate sampling approach (see D.7.2) shall be selected in the sampling plan, either 
probabilistic sampling or judgemental (or informed) sampling.  

NOTE This includes balancing the pros and cons of each sampling approach, such as the necessary effort and costs 
of sampling, and the practical possibilities for sampling against the (statistical) representativity of the test result for the 
sampled sub-population, weighed against the objective of sampling. Such a decision requires detailed knowledge of the 
product to be sampled and the process that product originates from. 

5.3.3 Population and sub-population  

The relevant product standards shall specify how to select the population and sub-population (see D.7.3) for 
which emission of regulated dangerous substances shall be determined.  

For the determination of the emission of regulated dangerous substances, the same approach for selection of 
the sub-population may be used as for sampling of products for testing other properties. It should be noted 
however that an approach that works well for these other properties does not necessarily work for emissions 
of regulated dangerous substances.  

5.3.4 Scale 

The relevant product standards shall specify how to select the scale that shall be represented by the 
laboratory sample. 

In defining the scale for sampling, a practical (first) approach can be to use the same scale as is already used 
for the determination of other properties of the construction product. When applying that scale to the 
determination of the emission of regulated dangerous substances, it should be evaluated whether the 
variability between the results obtained from different laboratory samples within the same scale is limited to an 
acceptable level. If not, the scale may be too small for obtaining a sample for determination of the emission of 
regulated dangerous substances into indoor air sufficiently with an acceptable uncertainty (see D.7.4). 
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5.3.5 Size of samples, of increments when relevant, and sampling techniques 

The relevant product standards shall specify the size of samples taken, and the sampling techniques, taking 
into account: 

 specification and characteristics of the product to be sampled; 

 minimum size of the sample(s) necessary for testing (and of increments, where relevant); 
the sample size should allow the production of at least three test specimens for allowing repetition of a 
test in case of doubt or dispute on the test results; 

 any necessary measures to maintain the integrity of a sample. 

Sampling activities shall have no, or as little as possible, impact on the integrity of the sampled product. The 
relevant product standards shall specify how to minimise: 

 evaporation of volatile substances; 

 creation of new surface, e.g. by cutting, if this cannot be avoided for obtaining a sample; 

 deterioration of the product due to heat production during sampling or sub-sampling, e.g. sawing; 

 contamination of the sample(s) by the sampling devices and/or by other sample(s). 

The relevant product standards can specify that and how the actual test specimen shall be prepared from the 
sampled material in the testing laboratory. 

NOTE This applies in particular to products that are placed on the market in another form then needed for application 
under intended use. As an example, tile adhesives are sampled as powder (as distributed). For making a test specimen, 
they need to be mixed with water before intended use. 

5.3.6 Sampling of complex, composite and large products 

Complex, composite and large products shall be evaluated as a whole unit. For practical purposes, the 
relevant product standards may foresee testing of: 

 a small-scale model of the product, 

 specified sections of the product, 

 significant components of the product 

if these represent the whole product, or if the individual test results of sections or components can be 
combined to represent the whole product. 

The declaration of performance is targeted at the products in their intended use. As some products per 
definition are applied together with other products, this should be taken into account, specifically as the 
emission of the product might be highly dependent on the combination of products. 

5.3.7 Sampling location and moment 

As specified in EN ISO 16000-11:2006 (there in 4.1), product samples shall be collected at the point of 
manufacture after the normal manufacturing. This may include curing time, drying time, etc., as specified in 
the relevant product standards.  

Manufacturing may include drying and curing periods if necessary before placement on the market.  
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In defining the sampling location a practical first approach can be to use the same location and time as used 
for determination of other properties (e.g. mechanical properties). But it should be taken into consideration 
that the sampling requirements for determining the emission of regulated dangerous substances can be 
different from the sampling requirements for the other properties. 

5.4 Information from the testing laboratory needed to complement the product sampling 
plan 

The following information shall be provided by the analytical laboratory to the sampling body for 
complementing the sampling plan: 

a) number of product laboratory sample(s) needed for the testing programme (e.g. two product samples for 
testing and one for possible later review); 

b) minimum and/or maximum size of product laboratory sample required for testing; 

c) instructions on packaging and transport; 

d) sampling report to be filled in; 

e) chain of custody report to be filled in.  

5.5 Packaging and transport of laboratory sample 

As specified in EN ISO 16000-11 with the following additional statements: 

a) Product samples shall be placed in airtight, emission-free and absorption free packaging or containers to 
avoid contamination.  

Solid samples can be packaged by wrapping airtight in aluminium foil and then packaged in an unprinted 
airtight polyethylene bag and sealed. As an alternative, aluminium-coated packaging material may be 
used. To prevent external contamination, the package should be sealed maximally airtight with a film 
welding device, or with a low emission adhesive tape, or by mechanical tightening.  

b) Product samples that shall be examined separately shall be packed separately to avoid cross-
contamination. 

c) Samples of different products shall be packed separately. 

d) If several solid product samples are packed together in one bag then it is essential to consider that the 
upper side and backing may show very different emission levels. If then only one side shall be tested for 
emissions (e.g. floorings) then it is important that product samples are packed in such a manner that 
there is no direct contact between back and front. 

e) Product laboratory samples that are taken in a permeable commercial packing shall be wrapped 
additionally to ensure airtight packaging to minimise risk of contamination. This does not apply to packing 
known to be impermeable such as metal cans, or laboratory bottles. Use of commercial packaging 
without further airtight wrapping is possible, especially for large products, if this is considered by the 
product TC as being sufficient for the testing. 

f) Liquids and powders/granulates shall be dispatched in a commercial can, cartridge or bag, or in clean 
laboratory bottles made of glass or of polyethylene. For transport and storage of samples the air volume 
in cans and bottles shall be minimised. 

g) Excessive heat, extreme pressure and other physical challenges shall be avoided during storage and 
transport . 

PD CEN/TS 16516:2013

http://dx.doi.org/10.3403/30109557U


CEN/TS 16516:2013 (E) 

20 

h) Contamination by adsorption of volatile chemicals from, e.g. fuel cans, car exhaust gases, cleaners, 
during transport shall be avoided by proper packaging and by avoiding transport close to contamination 
sources such as gasoline canisters. 

If there is uncertainty about the quality of packaging then installation (and later analysis) of passive air 
samplers inside packaging is recommended for monitoring any contamination. 

5.6 Sample description, marking of laboratory sample and sampling report 

As specified in EN ISO 16000-11:2006 (there in 4.3), with the following additional statements: 

a) Marking of the sample shall not have any impact on emission testing. 

b) Only solvent-free writing utensils may be used inside the packaging. 

NOTE Examples are barcodes, ballpoint pens, pencils, self-adhesive labels. 

c) The sample and the wrapping shall be marked identically. 

d) Details of the client’s identification of the sample shall be included in the test report. 

e) A sampling report shall follow the sample. An example of a sampling report is given in Annex E. 

5.7  Chain of custody report 

The chain of custody report shall ensure that the product sample received in the laboratory is the same as the 
product sample taken in the field (traceability). 

NOTE 1 It is good practice that the sampling plan specifies the completion of a chain of custody form for each sampling 
exercise, at the time of sampling and during transport to the testing laboratory. 

NOTE 2 An example form for a chain of custody report is given in Annex F.  

5.8 Dispatch of product samples, time schedule 

As specified in EN ISO 16000-11:2006 (there in 4.3) and EN ISO 16000-9:2006 (there in clause 14) with the 
following additional statements: 

a) Product samples shall be taken from the factory at the earliest point of time when the product is ready for 
dispatch or application. This point of time depends on the product types and information shall be specified 
in the respective product standard. 

NOTE Emission level changes over time, especially with open surfaces and when in contact with surrounding air. 

b) The product sample shall be packaged, as specified above, as soon as possible after collection and, in 
any event, within the same working day. 

c) The product sample shall arrive in the laboratory not later than 14 days after the date of sampling.  

d) The maximum time between date of sampling and beginning of a test in the laboratory (incl. storage at 
manufacturer, transport and storage at testing laboratory) shall not exceed eight weeks provided that the 
laboratory sample is stored in the specified packaging. On-site wet-applied products coming in a closed 
container (e.g. can, cartridge) shall be tested not later than four months after sampling. 

The product standards specifying the considered product may specify different requirements depending on the 
behaviour of the involved products. 
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6 Handling of product samples in the laboratory  

6.1 Storage of sample in the testing laboratory 

Follow the procedures specified in EN ISO 16000-11, but with the following additional statements: 

a) Samples shall be protected from intensive light, exposure to chemicals and mechanical damage. 

b) Cleaners, solvents or other volatile chemicals shall not be stored close to the sample if there is a risk of 
contamination that could interfere with emission testing. 

6.2 Preparation of the test specimen 

The test specimen may be prepared in the laboratory or at the sampling site depending on the nature of the 
product and of its specification in a product standard. 

Follow the procedures specified in EN ISO 16000-11 but with the following additional statements: 

a) The preparation of the test specimen shall take place in a clean environment, and any tools used shall be 
clean. 

b) When possible and necessary, adjust the size of the test specimen in accordance with 4.2.2 and Clause 7 
of this Technical Specification. Representativeness with regard to intended use shall be maintained when 
performing any such adjustment. 

It may not be possible to adjust the size of the test specimen of complex products such as windows. 
However, in these cases, product TCs may specify how to perform testing of a small-scale model of the 
product, or specified sections of the product, or significant components of the product, for achieving a test 
result representative for the full-size product. 

c) If a product requires an assembly specified in the corresponding product standard under normal 
conditions of use, the product shall be assembled accordingly prior to testing. 

d) If only one surface of a product is exposed to the indoor environment under intended conditions of use, as 
specified in a product standard, cover the rear surface and edges of the test specimen immediately after 
specimen preparation, especially the cut edges, using aluminium foil or low emitting adhesive tape or by 
installing the test specimen into a frame or sealed box made of inert, non-porous and non-emitting 
material. Typical sample supports are made of glass, metal plates or metal foil. 

NOTE 1 Efficient sealing techniques are:  

 back to back storage of plates, with edges covered with low emission aluminium tape, 

 tight coverage of edges and back with aluminium foil, 

 seal box, as specified in JIS A 1901, or equivalent. 

NOTE 2 When using aluminium tape then the emissions of every new batch of tape can be tested by fixing the tape on 
an inert surface and determining the emissions using the same test procedure as applied to normal samples. Any 
determined emissions from the tape will be taken into consideration when evaluating emissions of a test specimen 
prepared using such tape. 

e) For liquid products check and weigh the sample support before and immediately after application of the 
product. Then report the applied amount as the resulting difference.  

f) For application of liquid products, the application method and amount shall be defined in the product 
standard. 
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g) If specified in the relevant product standard, a conditioning period shall be applied to laboratory samples 
or test specimens before starting the test to enable the product to acquire properties representing in use 
conditions. This conditioning time shall be fixed in a unique manner for all similar products, and it has to 
represent typical use patterns. In this case the conditioning parameters (climate, ventilation, loading 
factor, closed and separate conditioning container for each test specimen or laboratory sample) shall be 
defined precisely and be within the ranges specified in this Technical Specification for test chamber 
parameters. Transfer of a pre-conditioned test specimen into the actual test chamber is regarded as the 
starting time of the test (T0).  

NOTE 3 Conditioning periods are typically representing hardening or curing of reactive systems, or drying of wet-
applied products, as these periods are not relevant to in use conditions. 

7 Test chamber conditions 

7.1 Principles  

A ventilated test chamber shall be used for generating emissions from the test specimen under constant, 
controlled conditions. Most test chambers are smaller than the reference room and can be thought of as a 
scaled down model of the reference room. In general, the test chamber parameters are kept as close as 
possible to those specified in 4.2.2 for the reference room, but deviations are accepted within a narrow range 
as specified below. Robustness validation has shown that flexibility within the stated ranges has negligible 
impact on product emission rates.  

Generation of emissions from test specimen in a test chamber shall be performed as specified in 
EN ISO 16000-9 with the additional requirements as specified below. 

7.2 Dimensions of test specimen 

The dimensions of the test specimen shall be appropriate to the size of the considered test chamber and the 
product loading factor L as specified for the reference room in 4.2.2. The test specimen shall be large enough 
to be at least as representative as the laboratory sample (see 7.9 and 7.10 below). 

7.3 Loading factor 

The loading factor in the test chamber may deviate from the values in 4.2.2 within a narrow range. It shall not 
be below 50 % or above 200 % of the specified loading factor and shall not exceed 2,0 m2/m3. Within this 
interval the specific emission rate remains constant and test results given in terms of specific emission rate do 
not need any conversion. However, any test result reported in terms of concentration in the air of the 
reference room shall be re-calculated using the formulas given in Clause 9. 

7.4 Ventilation 

The ventilation (air change rate) in the test chamber may deviate from the specified value for the reference 
room (see 4.2.3). It shall not be lower than 0,25 air changes per hour and not higher than 1,5 air changes per 
hour. Within this interval, the specific emission rate is considered as remaining constant and test results 
presented in terms of specific emission rate do not need any conversion. However, any test result reported in 
terms of air concentration in the reference room shall be re-calculated using the formulas given in Clause 9. 
Variation of the air change rate during the testing period shall not exceed ± 5 %, as specified in 
EN ISO 16000-9. 

NOTE  While emissions from dry products are typically controlled by internal diffusion processes and are largely 
unaffected by ventilation (surface air velocity), the same cannot be said for "liquid" products (being wet when applied) 
during the drying/curing stage, i.e. while evaporation dominates the emission process. Given that building occupants are 
not usually present during the drying/curing phase of wet-applied products in construction works (although common for 
"do-it yourself" activities and redecoration), emission testing is normally only started after the drying/curing phase. For 
comparing emissions data, all testing and pre-conditioning parameters, including ventilation, should be within the ranges 
specified in this clause. 
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7.5 Air velocity 

The air velocity above test specimen shall be in the range 0,1 m/s to 0,3 m/s. 

NOTE  High air velocity and high ventilation rate may increase emission rate of less volatile substances. 

7.6 Cleanliness of test chamber 

The test chamber and the supply air shall be clean, as specified in Clause 8 in terms of maximum acceptable 
background concentration for the different substances analysed. 

7.7 Testing climate (temperature, relative humidity of supply air) 

Temperature and relative humidity shall be registered as the average of 15 min period. The average 
temperature during the entire testing period shall not deviate from the target value of 23 °C by more than 
± 1 °C. Moreover, not more than 10 % of the individual 15 min average values shall deviate from the target 
value of 23 °C by more than ± 1 °C. The average relative humidity of the air supplied to the chamber 
throughout the entire testing period shall not deviate from the target value by more than ± 5 % RH. Moreover, 
not more than 10 % of the individual 15 min average values shall deviate from the target value of 23 °C by 
more than ± 5 % RH. 

NOTE 1 Test specimens emitting high amounts of water initially can lead to increased relative humidity in the air inside 
the test chamber and in the test chamber exhaust. 

NOTE 2 As temperature and humidity have a significant impact on emissions, these parameters cannot be varied for 
any type of product or test equipment without compromising the comparability of emission data. 

7.8 Storage of test specimen 

The test specimen shall remain in the test chamber for the whole duration of the test, i.e. until the last air 
sample has been collected. 

Moving a test specimen from an intermediate storage chamber to the test chamber and vice versa may 
significantly interfere with the emission testing in terms of contamination of the sample and of the chamber 
and shall be avoided.  

NOTE 1 For VOC of lower volatility and for SVOC, the reliability of test results depends on effective control of 
ventilation, climate, and wall adsorption / desorption effects, which can only be guaranteed if samples are kept in the test 
chamber the whole time. 

NOTE 2 During indirect tests according to Clause 11, sample storage outside the chamber between air sampling 
periods can be accepted.  

7.9 Large bulk products 

When testing large bulk products the required free air volume, product volume and chamber size shall be 
specified precisely. Large bulky products can impair the velocity in the chamber above the surface of the test 
specimen. If this occurs, the air flow rate shall be adjusted to address this (see 7.2 and 7.10). 

7.10 Volume of test chamber 

The volume of the test chamber selected shall be large enough to accommodate a test specimen that is 
representative of the product in normal use (see 7.2 and 7.9). The size of a test chamber shall be larger than 
20 l. 

The smaller the test chamber, the smaller the test specimen appropriate for such a small chamber. However, 
such small test specimens may not be representative for the entire laboratory sample or for the product in 
normal use unless it is homogeneous. Therefore, small test chambers may not be large enough especially for 
testing complex or inhomogeneous products. 
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If a representative laboratory sample consists of several similar increments, each increment may be tested 
separately in an appropriate test chamber (i.e. of such dimension so as to be representative of the product in 
normal use) and the individual results are combined by weighted averaging. The produced result corresponds 
to the laboratory sample which is a combined sample of the increments.  

NOTE The maximum size of test chambers is not limited. Experiences with existing chambers range up to 50 m3.  

7.11 Placement of test specimen in test chamber 

The test specimen shall be placed in the centre of the test chamber as specified in EN ISO 16000-9. If the 
efficiency of air mixing is proven to be in compliance with specifications of EN ISO 16000-9 in all 
compartments of the test chamber in the presence of the test specimen, then the test specimen can be placed 
in the test chamber on the bottom or at the wall or in another manner, as long as the main surface of the test 
specimen is parallel to the air flow direction. 

8 Determination of volatile organic compounds in test chamber air 

8.1 Common requirements  

A measured volume of air from the outlet of the emission test chamber is drawn at a controlled flow rate 
through the samplers at specified times during the emission test. Volatile organic chemicals present in the 
chamber air are selectively trapped on the samplers as the air passes through. The type of air sampler differs 
depending on the compounds described in the following sections.  

The sampling flow rate shall be calibrated with the sampler assembly in line, using an appropriate external 
calibrated meter as described in EN ISO 16017-1 and EN ISO 13137. The total sampling flow shall not exceed 
80 % of the air flow rate of the chamber. 

If air sampling is to be carried out early in an emission test (within the first 72 h), the sampling duration shall 
show the same time before and after the target sampling time, e.g. from 71,5 h to 72,5 h. 

NOTE 1 Experience showed that, with adequate mixing of test chamber air, the concentration of emitted compounds in 
the air across the test chamber usually has balanced out after a time corresponding to air exchange of five times test 
chamber volume. 

In the following analysis, retained compounds or their derivatives are desorbed or extracted from the sampler 
and transferred into an analytical system where they are identified and quantified.  

Duplicate samples shall be collected and the results compared.  

Any test results shall be reported with not more than two significant figures. 

NOTE 2 This rule reflects the degree of precision that can be achieved by this testing method. Examples: 

    52.5 and 53.4  both are expressed as 53, 

  255.0 and 264.9  both are expressed as 260, 

 2 550 and 2 649  both are expressed as 2 600. 

8.2 Determination of VOCs and SVOCs in test chamber air  

8.2.1 Introduction 

This section specifies procedures for sampling and analysing volatile organic compounds (as specified in 
3.3.11) and semi-volatile organic compounds (as specified in 3.3.6) in test chamber air. ISO 16000-6 shall be 
applied except for the deviations and additional requirements specified in the clauses below. The method 
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involves pumped air sampling onto tubes packed with Tenax TA
1) 

sorbent and subsequent analysis by thermal 
desorption with gas chromatography and mass spectrometer detection (TD-GC/MS). 

NOTE Annex C provides general information regarding sampling and analysis of VVOCs (as specified in 3.3.10) in 
conjunction with VOCs.  

8.2.2 Capillary GC column 

A 5 % phenyl / 95 % methyl poly siloxane capillary column shall be selected with suitable dimensions (length, 
diameter, film thickness) to optimise separation of the compounds of interest in the sample, i.e. VOCs with a 
boiling point between 69 ºC and 287 ºC.  

Summation of specific VOCs within a particular chromatographic retention time window may be required by 
the applied material emission testing. Examples of VOC summation include: total VOC, the sum of notified 
target VOCs, the R value, the sum of VOCs that are not on a list of notified target compounds, and/or the sum 
of non-identified VOCs. By convention, in these cases, the retention time window of interest typically relates to 
components eluting from (and including) n-hexane to (and including) n-hexadecane on a non-polar, 100 % 
polydimethylsiloxane (PDMS) stationary phase capillary column. The column specified in this Technical 
Specification gives better (sharper) peak shapes for the more polar compounds of interest and reduces 
analytical uncertainty. Any change in component elution order from that seen on a PDMS column is minimal 
and can be ignored.  

8.2.3 Tube conditioning and laboratory blank tubes 

This section refers to blank levels on conditioned sorbent tubes that have not been used for air monitoring. 

Before sampling, a representative number of conditioned sorbent tubes shall be analysed using routine 
analytical parameters to ensure that the thermal desorption blank is sufficiently small. The tube blank is 
acceptable if no individual interfering artefact peaks exceed 2 ng and if TVOC levels do not exceed 20 ng after 
subtraction of non-interfering VOC artefacts. If the blank is unacceptable, recondition the tubes by desorbing 
them for 10 min under a 50 ml/min to 100 ml/min flow rate of inert carrier gas at a temperature ~20°C higher 
than that used for analysis and then repeat the analysis. If after repeated conditioning, the blank is still 
unacceptable, the tubes shall be re-packed. 

One or two of the conditioned tubes from the batch selected for each sampling exercise shall be retained as 
laboratory blank tubes. These are noted. They shall be analysed with the sampled tubes and shown to meet 
the performance specification detailed above (i.e. < 2 ng of any individual interfering VOC and < 20 ng total 
VOC after subtraction of non-interfering VOC artefacts). 

Do not exceed the maximum temperature of the sorbent during tube conditioning or analysis. 

8.2.4 Checking the test chamber blank 

The test chamber apparatus, including supply air, shall be checked for background contamination prior to 
carrying out a new materials emission test as described in EN ISO 16000-9. The TVOC background 
concentration shall be lower than 20 µg/m3. The background concentration of any single target VOC shall be 
lower than 2 µg/m3. 

Tenax TA tubes can generate low levels of benzene artefact, even if the tube was clean of benzene before air 
sampling. False positive results may impair determination of low µg/m3 range of benzene. It is recommended 
to verify any such low benzene value with an independent second test method (see Annex C and Annex G). 

                                                      
1) Tenax TA is a trade name of Buchem BV (NL). This information is given for the convenience of users of this standard 
and does not constitute an endorsement. Equivalent products may be used if they can be shown to lead to the same 
results. 
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8.2.5 Sampling test chamber air 

Ensure that the air sampling tube is at approximately the same temperature as the chamber air to prevent risk 
of water condensation inside the sample tube when sampling emissions.  

An appropriate air sampling flow rate is in the range of 20 ml/min to 200 ml/min.  

NOTE VOCs and SVOCs ranging in volatility from n-hexane to n-docosane are normally quantitatively retained by a 
sorbent tube containing 200 mg (or 50 mm to 60 mm bed length) of Tenax TA provided air sample volumes are kept to 5 l 
or below.  

Air samples shall be collected in duplicate, but using different pump flows such that two different volumes of 
air (such as 5 l and 2 l or 5 l and 1 l) are collected simultaneously (or immediately sequentially). 

For determining background concentrations in the chamber or when a sample is known to be low-emitting, two 
duplicate 5 l sampling volumes may be sampled to optimise sensitivity. 

8.2.6 Calibration and analysis 

8.2.6.1 Reporting limit, quantification limit 

The quantification limit of any VOC and SVOC shall be 1 µg/m3 as far as feasible. All quantified substances 
shall be reported. Substances with 5 µg/m3 or more shall be reported with their concentrations (as calculated 
for the reference room in 4.2.2).  

Traces of VOCs and SVOCs include a significantly increased uncertainty of quantification. It is recommended 
to report test results below 5 µg/m3 as "< 5 µg/m3" or "less than 5 µg/m3". 

NOTE Quantitative reporting limit of carcinogenic substances is 1 µg/m3, as far as feasible. 

8.2.6.2 Identified compounds (target and non-target compounds) 

During initial system set-up, the analytical system shall be calibrated using a minimum five-point multi-level 
calibration and be shown to be linear (or exhibit a predictable mathematical relationship) for each target 
compound over a range of at least 20 (i.e. the factor between the lowest and highest mass in the range shall 
be at least 20). Data from this initial calibration phase shall be used to determine a relative response factor 
(RRF) for each compound of interest, relative to toluene. 

At least one appropriate (e.g. mid-level) standard, containing toluene and the expected target compounds (or 
at least a set of compounds that is representative of the volatility and polarity range of the relevant target 
compounds), shall be run at the start of each batch of samples and be interspersed with the sample tubes – 
e.g. every 10th sample – as a check on RRF stability. At least three single-level standards shall be run with 
each sample batch. The multi-level calibration for one or more specific compounds of interest shall be 
repeated whenever the single level calibration for that type of compound shows unacceptable drift in actual or 
relative response factor since the previous multi-level calibration. See also 8.2.8. 

NOTE 1 Use of an internal standard (e.g. toluene D8 or cyclodecane) can also be helpful as a further check on 
analytical system stability 

Identified target compounds shall be quantified using the actual or relative response factor for each 
compound. Identified non-target compounds shall be quantified using the response factor for toluene (i.e. in 
toluene equivalents). 

NOTE 2 For target compounds see Annex H. 

NOTE 3 The test result calculated and quantified with the respective calibration factor can be useful supplemental 
information for identified non-target compounds. 

NOTE 4 Determining VOCs using toluene equivalents is semi-quantitative, since individual compounds in the mixture 
may have response factors which differ widely from the toluene response factor.  
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Details of the response factor used to quantify identified non-target compounds shall be included in the test 
report (response factor for toluene or response factor for the individual compounds).  

The results from duplicate samples shall be compared (see 8.2.9) taking into account the different sampled 
volumes. 

If a regulation or a test protocol requires the data to be analysed for a specific list of target compounds then 
the chromatographic data shall be reviewed for identifying and quantifying any components on that list that are 
present above the reporting limits as specified in 8.2.6.1. 

8.2.6.3 Unidentified compounds 

Unidentified compounds shall be quantified using the response factor for toluene and reported as toluene 
equivalent. The results from duplicate samples shall be compared (see 8.2.9) taking into account the different 
sampled volumes. 

8.2.7 Total volatile organic compounds (TVOC) and total semi-volatile organic compounds (TSVOC) 

The sum of VOCs (TVOC, see 3.3.9 and Annex H) shall be determined by summing the individual 
concentrations of every identified and unidentified compound eluting from a gas chromatographic column as 
specified in 8.2.2, between n-hexane and n-hexadecane inclusively, at a concentration above 5 μg/m3, all 
calculated as toluene equivalent. 

The sum of SVOCs (TSVOC, see 3.3.8) shall be determined by summing the individual concentrations of 
every identified and unidentified compound eluting from a gas chromatographic column as specified in 8.2.2 
after n-hexadecane and not later than n-docodecane at a concentration above 5 μg/m3, all calculated as 
toluene equivalent. 

8.2.8 Quality control – Additional method performance checks required 

As detailed above and in the EN ISO 16000 series standards, an appropriate level of quality control shall be 
employed and documented. Method performance checks shall include: 

a) Single level standards interspersed with a batch of samples shall be compared with each other and with 
the most recent multi-level calibration. Single level standard results shall agree within 10 % and be within 
10 % of the values given by the most recent multi-level calibration. If unacceptable, a new multi-level 
calibration shall be undertaken. 

b) Results of duplicate chamber air sample shall be compared for individual compounds and for TVOC 
before reporting a test result. The compound concentration determined from duplicate air sample shall 
agree within ± 15 % of the average, after taking air sample volume into account. If there is any greater 
disparity, only the higher concentration shall be reported. 

8.3 Determination of formaldehyde and some other volatile carbonyl compounds in test 
chamber air  

When a determination of formaldehyde in the test chamber air is required, this shall be undertaken according 
to ISO 16000-3. The same applies to a number of other volatile carbonyl compounds: acetaldehyde, 
butyraldehyde, propionaldehyde, acetone, crotonaldehyde. 

NOTE  ISO 16000-3 specifies simultaneous determination of formaldehyde, acetone and a range of other volatile 
carbonyls using pumped air sampling with a cartridge or tube used to trap aldehydes by chemical reaction for subsequent 
analysis by high performance liquid chromatography.  

8.4 Quality control – External references 

Notified and accredited laboratories shall verify performance of the whole method by comparing against 
external references and by following the quality control requirements of ISO 16000-3, ISO 16000-6, 
ISO 16000-9 and ISO 16000-11. 
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NOTE 1 Use of external reference materials spiked with VOCs with known emission rate, and with known emission 
decay profiles, are a useful tool for evaluating the performance of the whole procedure against primary standards, 
provided the quality of the reference materials is known. Determination of test chamber sink effects by recovery tests 
using target compound sources can be applied if suitable reference materials are not available, as described in 
EN ISO 16000-9. 

NOTE 2  Participation in round robin tests and relevant independent analytical proficiency testing schemes are useful 
for comparing performance against a group of laboratories. 

NOTE 3 Routine laboratory checks of analytical system performance can be conveniently carried out by spiking 
samplers (e.g. Tenax tubes) with a mix of compounds that is representative (in terms of analyte mass, polarity, volatility 
range, etc.) of the compounds of interests. 

9 Calculation of specific emission rates and expression of results at the reference 
room 

Calculate the impact of product emissions on reference room air concentration as specified in 
EN ISO 16000-9, taking into account any variation in parameters (e.g. air change rate or loading factor) as 
allowed in Clause 7 of this Technical Specification.  

a) The peak areas of a single compound in the chromatogram are proportional to the mass of compound 
injected. For each target compound, the relationship between the mass of analyte injected and the 
corresponding peak area is determined. The slope of the calibration curve over the linear range is the 
response factor of the compound analysed: 

 (1) 

where 

ASt is the compound peak area in the chromatogram of the analytical standard St, in the area units; 

bSt  is the slope of the calibration curve (response factor); 

mSt  is the mass of compound in the analytical standard St, in nanograms; 

iSt  is the intersect of ordinates and calibration curve. If the calibration curve crosses the origin, iSt is 
considered zero. 

b) The mass of compound present in the air sample is calculated from the detector peak area using the 
response factor of the compound: 

 (2) 

where 

ma is the mass of compound a in the air sample, in nanograms; 

Aa is the peak area of compound a in the chromatogram of the sample, in area units; 

iSt  is the intersect of ordinates and the calibration curve. If the calibration curve crosses the origin, iSt 
is considered zero; 

bSt is the slope of the calibration curve. 

c) The mass concentration of the compound in the sampled air is calculated by means of the following 
equation: 

StStStSt imbA +=

St

St

b
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 (3) 

where 

ca  is the mass concentration of compound a in the sampled air, in micrograms per cubic metre; 

ma is the mass of compound a present in the chamber air sample, in nanograms; 

mab is the mass of compound a present in the chamber blank, in nanograms; 

V is the sampling volume, in litres. 

d) The emission rate of the compound is calculated from the mass concentration in the sampled air by 
means of the following equation: 

 (4) 

where 

ERa  is the emission rate of compound a into air, in micrograms per hour; 

ca  is the mass concentration of compound a in the sampled air, in micrograms per cubic metre; 

VRt is the hourly ventilation rate of the test chamber, in cubic metres per hour test chamber. 

e) The area specific emission rate of the compound is calculated from the emission rate in the sampled air 
by means of the following equation: 

 (5a) 

where 

SERA  is the area specific emission rate, in micrograms per square metre and hour (also called emission 
factor); 

ca  is the mass concentration of compound a in the sampled air, in micrograms per cubic metre; 

ACt is the hourly air change rate of the test chamber, in air changes per hour; 

LAt is the loading factor in the test chamber, in square metres sample per cubic metres. 

Specific emission rate can also be calculated as volume specific emission rate, length specific emission rate 
or unit specific emission rate if this reflects better the essential properties of a product: 

 (5b) 

 (5c) 

 (5d) 
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SERV  is the volume specific emission rate, in micrograms per cubic metre and hour; 

SERL  is the length specific emission rate, in micrograms per metre and hour; 

SERu  is the unit specific emission rate, in micrograms per unit and hour; 

ca  is the mass concentration of compound a in the sampled air, in micrograms per cubic metre; 

ACt is the hourly air change rate of the test chamber, in air changes per hour; 

LVt  is the loading factor in the test chamber, in cubic metre sample per cubic metre test chamber; 

LLt  is the loading factor in the test chamber, in metre sample per cubic metre test chamber; 

Lut  is the loading factor in the test chamber, in sample units per cubic metre test chamber. 

f) The mass concentration of the compound in the reference room air is calculated by means of the 
following equation: 

 (6a) 

where 

cR  is the mass concentration of compound a in the air of the reference room, in micrograms per cubic 
metre; 

SERA  is the area specific emission rate in micrograms per square metre and hour (also called emission 
factor); 

LAR  is the loading factor in the reference room, in square metre sample per cubic metre reference 
room; 

ACR  is the hourly air change rate in the reference room, in air changes per hour. 

NOTE This calculation is based on a linear relation between the test chamber results and the reference room 
concentration based on reaching an equilibrium between the emission source and the indoor environment. 

If the specific emission rate is expressed not as area specific emission rate but as volume, length or unit 
specific emission rate, one of the following formulas applies:  

 (6b) 

 (6c) 

 (6d) 

where 

cR  is the mass concentration of compound a in the air of the reference room, in micrograms per cubic 
metre; 

SERV  is the volume specific emission rate, in micrograms per cubic metre and hour; 
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SERL  is the length specific emission rate, in micrograms per metre and hour; 

SERu  is the unit specific emission rate, in micrograms per unit and hour; 

LVR is the loading factor in the reference room, in cubic metre sample per cubic metre reference room; 

LLR  is the loading factor in the reference room, in metre sample per cubic metre reference room; 

LuR  is the loading factor in the reference room, in sample units per cubic metre reference room; 

ACR  is the hourly air change rate in the reference room, in air changes per hour. 

10 Reporting for the horizontal reference method 

10.1 General 

To conform to this Technical Specification, the test report shall include the following information: 

a) general reference to the relevant product samples and emission test procedure used; 

b) reference to this Technical Specification; 

c) if relevant, reference to the applied product standard of the specific construction product. 

10.2 Sampling 

As far as available, the following shall be reported: 

a) time and date of the sampling, duration of transport, batch reference; 

b) key elements of the sampling plan, population, sub-population, scale, size and number of sample(s), 
location for taking the sample(s) and when applicable number of increments in composite sample; 

c) sampling conditions. 

10.3 Handling of samples in the laboratory, preparation of test specimen 

The test report shall include the following information: 

a) description of the preparation of the test specimen with photos (taken either after preparation or after 
placement in the test chamber). 

10.4 Test chamber conditions 

The test report shall include the following information, as far as relevant: 

a) description of the test chamber and test chamber conditions. 

10.5 Determination of vapour-phase organic compounds in test chamber air 

To conform to this Technical Specification, the test report shall include the following information, as far as 
relevant: 

a) details of which analytes or ranges of analytes were measured; 

b) description of the analytical procedure; 
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c) detection limit and quantification limit of the analytical method; 

d) performed elements of the quality control (e.g. calibration, breakthrough, laboratory blanks, desorption 
efficiency test, duplicates). Results of the quality control shall be reported if relevant for interpretation of 
test results. 

10.6 Calculation and reporting of test results 

The test report shall include the following information, as far as required (see Annex H): 

a) specific emission rates and respective calculated air concentration in the reference room air of: 

1) identified target compounds, provided with CAS number; 

2) identified non-target compounds, provided with CAS number; 

3) non identified compounds; 

4) volatile carcinogens of categories CARC 1A and CARC 1B (according to Regulation (EC) 
No 1272/2008); 

5) sum of identified non-target compounds and non-identified compounds; 

6) TVOC; 

7) TSVOC; 

b) R value; 

c) details of the uncertainty of the reported results. 

11 Indirect methods 

This Technical Specification specifies the horizontal reference method in Clause 1 to Clause 10 and 
addresses indirect methods in this clause and informative Annex B. The term indirect method is variously 
applied to mean any simplified, screening, secondary, derived or alternative method. 

An indirect method can be applied if it provides within their specific field of application a result comparable or 
correlated to the result of the reference method in accordance with the purpose of the emission determination. 
Guidance is given in CEN/TR 16496. 

The requirements, especially the sampling requirements, specified for the reference method apply also for the 
indirect method unless this indirect method specifies different requirements, especially sampling requirements, 
adapted to its specific field of application. 

Such indirect methods may be easier and/or cheaper to apply for a specific application. An indirect method is 
generally not horizontal, but in most cases dedicated to a specific product or range of products (as specified in 
a product standard). 

NOTE 1 The term "indirect method" has been selected to underline that, instead of a direct determination by the 
horizontal reference method, an indirect method provides a result indirectly through the mandatory comparability and/or 
correlation to the reference method (in accordance with the purpose of the emission determination).  

NOTE 2 These indirect methods are in accordance with mandate M/366 (see point IV-10) provided that their 
comparability, correlation have been demonstrated. 

The specific and limited field of application of any indirect method may extend to raw materials, product 
formulation and operating parameters. Anyhow, the validity of the above correlation remains strictly in the field 
of application for which it has been established. 

PD CEN/TS 16516:2013

http://dx.doi.org/10.3403/30153030U


CEN/TS 16516:2013 (E) 

33 

Annex A 
(informative) 

 
Repeatability 

A study on robustness of this horizontal standard delivered data on repeatability of VOC emissions testing 
within one laboratory.  

All test results were obtained by testing two or three test specimens from the same sample under identical 
conditions (in terms of temperature, relative humidity, loading factor, and ventilation rate) in the same 
laboratory during that study. Each result was analysed for main individual VOCs. The deviation of individual 
emission chamber test results from their mean value was calculated as % of their mean value for each main 
individual VOC. 

This resulted in: 

a) Number of chamber tests: 36. 

b) Number of involved products: 6. 

c) Number of involved testing laboratories: 9. 

d) Number of repeatability data (= number of individual VOCs analyses in these tests): 171. 

1) 56 data for individual VOCs from duplicate determination. 

2) 115 data for individual VOCs from tests with triplicate determination. 

Repeatability was found as follows: 

 50 % of all test data showed a deviation of individual test results from their mean value below 13 % (the 
median of all findings).  

 75 % of all test data showed a deviation of individual test results from their mean value below 26 % 
(75-percentile of all findings).  

 95 % of all test data showed a deviation of individual test results from their mean value below 54 % 
(95-percentile of all findings).  

 Standard deviation (1 σ) of all test results was 18 %. 

 The expanded uncertainty (2 σ) of all test results, representing the 95 % confidence interval, was 35 %. 

Repeatability can be very different for VOCs of different chemical characteristics, for products with different 
emissions mechanisms, and for test results close to the detection limit. These values include also material 
inhomogeneity and may show higher deviation with small test specimens of products being very 
inhomogeneous in terms of VOC emissions. 
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Annex B 
(informative) 

 
Examples of indirect methods (also called simplified, screening, 

secondary, derived or alternative methods) 

B.1 General 

This annex is informative and is not aimed to be exhaustive. It provides only examples in broad terms as 
background of Clause 11 of this Technical Specification where the basic requirements are specified that are to 
be fulfilled by any indirect method for the determination of emissions from construction products of regulated 
dangerous substances in indoor air.  

If the indirect method includes a determination of organic compounds in the air of a specific test chamber, the 
correlation – comparability with the reference method is easier and closer when this determination is in 
accordance with Clause 8. 

For details of the below cited standards, see Bibliography. 

B.2 Indirect methods relative to testing devices for generating emissions 

B.2.1 Emission cell 

The emission cell testing method is specified in EN ISO 16000-10 and may be applied for most volatile 
compounds, such as VOC, SVOC, volatile aldehydes. An example of a commercially available emission cell is 
the FLEC (Field and Laboratory Emissions Cell). 

B.2.2 Micro-chamber 

Micro-chamber methods are applicable to volatile and semi-volatile organic compounds and aldehydes. 

Examples of methods specifying micro-chambers for fast emissions measurement include:  

 GUT test method;  

 ISO 12219-3.  

B.2.3 Thermal extraction 

An example of a thermal desorption testing method is specified in VDA 278; this method is applicable to most 
volatile compounds, such as VOC, SVOC, volatile aldehydes and cetones. Thermal extraction is another way 
of generating emissions. In this case organic compounds thermally desorbed from the sample are swept away 
in a stream of inert gas and either analysed using on-line gas chromatography, or by adsorption and thermal 
desorption as specified in Clause 8 of this Technical Specification. 

B.3 Indirect methods relative to analysis 

B.3.1 Headspace and in-can VOC determination 

Headspace / gas chromatography and in-can testing methods are specified in EN ISO 17895 and in VDA 277 
and are applicable to many volatile substances, such as VOC.  
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B.3.2 VOC content determination 

Content determination methods are specified in many standards for many different substances, e.g. for VOC 
in EN ISO 11890-1 and EN ISO 11890-2.  

B.3.3 Formaldehyde specific methods 

Formaldehyde-specific testing methods are: 

 Chamber test: EN 717-1, ISO 12460-1; 

 Gas analysis: EN 717-2, ISO 12460-3; 

 Flask test: EN 717-3; 

 Perforator test: EN 120, ISO 12460-5; 

 Dessicator test: ISO 12460-4, ASTM D5582. 

For details of the standards, see Bibliography. 

B.4 Indirect methods relative to the evaluation of the test result 

B.4.1 Method integrated in production monitoring 

When it is required only to verify that the emission of a substance is below a certain level it could be 
demonstrated by an indirect test method provided that certain manufacturing, raw material or operating 
parameters remain within certain domains, and the product formulation is unchanged. 

B.4.2 Prediction of results at 28 days 

When it is required to provide a value of the emission at the reference room, a correlation may be established 
between an indirect measurement (e.g. the emission at 10 days) and the reference measurement (e.g. the 
emission at 28 days), based either on accumulated knowledge or to new experiments. The uncertainty 
attached to the value obtained by correlation is higher than the uncertainty of the reference value obtained by 
direct testing. But it can be fit for purpose in many cases. Anyhow, as specified in Clause 11, the validity of 
such correlation remains strictly in the field of application for which it has been established (raw materials, 
product formulation and production parameters). 
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Annex C 
(informative) 

 
Information on very volatile organic compound (VVOC) testing 

The purpose of this annex is to provide information and guidance. Its purpose is not to specify specific 
requirements since VVOCs determination would require different specific methods under the present stage of 
practice.  

This informative annex addresses the test chamber air sampling and analysis for determining emissions of 
VVOC in conjunction with VOC and SVOC emissions from construction products in a test chamber. 

Air sampling tubes or filters, air sampling velocity and air volume, and analysis, need to be adapted to the 
respective VVOC in test. In the framework of the present Technical Specification, relevant information and 
guidance can be found in: 

 the informative Annex D of ISO 16000-6:2011; 

 EN ISO 16017-1. 
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Annex D 
(informative) 

 
Key concepts for product sampling 

NOTE This annex is taken from CEN/TR 16220:2011 and provides information on product sampling with regard to 
testing emission of regulated dangerous substances from construction products into indoor air.  

D.1 Representativeness 

The ultimate goal of product sampling is to obtain a representative portion of the sampled construction 
product; maintaining the representativeness is essential in all steps where a (partial) sample of the product is 
involved. Whenever there is variability in the product, measures are to be taken in order to ensure the 
representativeness of the sample. 

NOTE When it comes to maintaining the representativeness of the sampled product, the full test procedure needs to 
be taken into account.  

The same set of samples may show a different distribution of test results for different properties. 

The degree of variability encountered, depends on the quantity of the product for which a sample is 
representative. 

EXAMPLE A simple numerical example might be four tiles with a slightly different characteristic property, represented by 
single numbers. Observations are available for three series of four individual tiles: 

 

The mean and standard deviation for these three series are: 

Series 1: mean 6,0 standard deviation 2,6 
Series 2: mean 5,8 standard deviation 1,7 
Series 3: mean 3,8 standard deviation 2,8  

The overall mean and standard deviation are 5,2 and 2,4 respectively. 

When, instead of individual tiles, a group of four tiles is tested in a single test, the mean values for these three series 
would become the new measurements. The standard deviation between these three measurements is decreased to 1,2 
(instead of 2,4 when measuring all individual tiles). Using a bigger quantity of product (four tiles) reduces observed 
variability from 2,4 to 1,2. The results are less variable when a larger quantity of the product is tested. Consequently, the 
product might comply more easily. 

Figure D.1 — Numerical example to illustrate the standard deviation 

In order to obtain comparable test results, it is important that in a product standard a choice is made with 
respect to the quantity of product (the scale) on which that product is tested. See also D.7.4. 

PD CEN/TS 16516:2013

http://dx.doi.org/10.3403/30153054


CEN/TS 16516:2013 (E) 

38 

Representativeness of the test portion/test specimen is ensured differently for the release to soil and water 
and the emission to indoor air, reflecting the different nature of influencing factors (see below). For the 
determination of the release, incremental sampling and subsequent use of a composite sample is possible 
when sampling particulate products. Even for monolithic and shaped products this is still a potential, although 
less simple, option, when assessing the release to soil and water. 

Sampling might well result in a laboratory sample of 10 kg, while the size of the test specimen can only be 
1 kg. This implies that maintaining the representativeness of the sample is essential, in order to ensure that 
the test result of the 1 kg test specimen indeed represents the original laboratory sample of 10 kg. As should 
the laboratory sample of 10 kg actually be a representative portion of the original product. Maintaining 
representativeness throughout the whole test procedure, from the first stage of sampling until the actual 
testing, is therefore essential. 

The size of the test specimen might put demands on the size of the laboratory sample, i.e. the laboratory 
sample should at least be sufficiently large to accommodate all test specimens necessary. 

Especially when determining the emission into indoor air, probabilistic sampling may result in less effective 
sample selection at higher costs than educated or skilled selection of samples. Such sampling is to be based 
on knowledge of the key parameters influencing emissions properties of a certain piece of sample. The 
emission of dangerous substances across a certain amount of product often does not follow a statistically 
describable distribution, showing rather distinct changes depending on parameters such as actual 
composition, raw materials used, details of manufacturing process and storage conditions (e.g. temperature 
control, drying period), age of product and more. 

Some examples: Use of another source of tree may influence emissions of a wood-based product. Purchase 
of nominally identical resin or dispersion from a different supplier may influence emissions of a water-based 
adhesive. Changing to cement from another mill may influence emissions of a cement-based product. Slightly 
elevated temperature due to sunshine on the roof of a manufacturing plant may influence remaining volatiles 
in the final product. 

Additionally, incremental sampling shall be avoided when cutting is essential to obtain the individual 
increments, because the cutting edges create fresh surfaces which potentially may disturb the emission test 
result.  

Products manufactured in a discontinuous manner are not always available as freshly manufactured products 
(although some products need aging before testing). 

Therefore, the alternative approach comprises a targeted and informed selection of sampling date and 
sampling site, such that the sampled product represents either typical emission properties, or worst case 
elevated emission properties, taking into account the availability of the product at the selected sampling site. 
In this approach, specific technological knowledge is used to ensure representativeness instead of statistical 
observations.  

D.2 Uncertainty 

The associated uncertainty of the final test result is of major importance when assessing the emission of 
dangerous substances. The uncertainty is the result of variability in the obtained test result. Although often 
only one test result is obtained, that test result is still affected by the different sources of variability. When 
there is only one test result available, the variability is unknown; nevertheless, the test result is partly 
determined by that variability. 

Each activity necessary to obtain a test result has an effect on the variability and consequently on the 
uncertainty of that test result. Additionally, the variability of the product itself also contributes to the 
uncertainty. The sources of uncertainty of sampling are identified by: 

 variability in the product (over time and/or space); 
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 variability introduced by sampling activities and all subsequent activities until delivery of the sample to the 
laboratory; 

 variability introduced by laboratory activities up to the reporting of the results. 

This text deals with the first two sources of variability. 

Sampling is at the very start of the assessment of a product. A series of subsequent steps is necessary to 
obtain the test result, based on which the actual assessment is performed. Starting at the end of that chain, 
the chemical analysis, and moving towards the first step of sampling, the quantification of the uncertainty 
associated with each of these individual steps become more and more difficult and costly. Consequently, it is 
practically almost impossible to separate the uncertainty of sampling from the uncertainty of the subsequent 
steps. 

There is no specific level of uncertainty that can be considered as being acceptable. The acceptability of a 
certain degree of uncertainty depends on the risk of non-compliance. If the risk of non-compliance becomes 
too big, the overall uncertainty associated with the test result(s) should be smaller in order to still be able to 
come to a decision. The risk of non-compliance is determined by the 'distance' of the obtained test result to 
the limit / limit value against which the product is assessed, and the variability of these test results (or potential 
test results if only one result is available). So, a relatively large degree of uncertainty is acceptable when the 
risk of non-compliance is low, while only a small amount of uncertainty is acceptable when there is a large risk 
of non-compliance. 

D.3 Aspects of repetitive sampling 

CEN/TR 16220 provides guidance with respect to sampling for the product declaration under CE marking 
although it does not cover the repetitive sampling, which might be necessary. CEN/TR 16220 provides 
guidance on how to obtain a sample, either by a single sampling operation or by incremental sampling in 
which increments are joined into a composite sample. It provides guidance to ensure that the obtained 
(possibly composite) sample is sufficiently representative for the quantity of product it represents. As such, it 
provides a basis for the CE marking.  

NOTE 1 In the process of CE marking various stages can be identified, amongst which Type Testing (TT) and Factory 
Production Control (FPC), which result in a need for product sampling. 

NOTE 2 The user expects that a product under CE marking fulfils the specified requirements on the level of the 
individual product. Testing of each individual product as one entity is often not realistic for environmental characteristics of 
construction products.  

NOTE 3 Repetitive sampling and subsequent assessment of a series of test results against limit values set by national 
authorities are highly related. 

Whenever repetitive sampling is applied, not only the representativeness of a sample for a chosen quantity of 
product is of importance, but also the variations that occur over time. These are the variations that occur on 
the level of the quantity for which a sample is representative (see also D.1). Consequently, the producer might 
be providing proof on the compliance of the product on a different quantity of product than the user expects. 
When making choices with respect to product sampling, this should be taken into consideration. The producer 
has to ensure that what is sampled is representative for the CE marked product that is to be assessed. 

A consumer who buys a bag of cement of 25 kg assumes that this product fulfils the requirements. The 
consumer is unaware of the fact that the producer tests the product for quantities of for example 25 t. 
Consequently, there is a certain, undefined risk that the quantity bought by the consumer does in fact not 
meet the requirements. The producer should be aware of this when defining the sampling (and testing) 
procedure. 

D.4 Series of steps in sampling 

A full test procedure can be described as a series of steps, i.e. definition of a sampling plan, taking of a 
sample, on site sample pre-treatment, packaging, preservation, storage and transportation, delivery, storage 
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and preservation, preparation of the test specimen, test to determine the emission, analysis/quantification, 
data management and reporting. These steps should be closely interlinked. CEN/TR 16220 only provides 
guidance on the first few steps, from defining the sampling plan up to the delivery of the laboratory sample to 
the laboratory. This is depicted in Figure D.2 wherein the main steps are numbered (1 to 7).  

When defining part of this whole chain of activities, the implications of the whole chain should be taken into 
consideration in order to ensure that the test result is fit for purpose. 

When for example the emission of dangerous substances from a construction product is strongly dependent 
on the presence of new surface, the sampling and subsequent preparation of the test specimen should be 
such that no new surface is created, or measures are to be taken to isolate new surfaces prior to testing.  

NOTE 1 The preparation of the test specimen might by itself consist of a number of steps.  

NOTE 2 The preparation of the test specimen is often referred to as 'sample pre-treatment', but here that term is 
exclusively related to on site sample pre-treatment, aimed to obtain a representative laboratory sample of acceptable size. 

D.5 Objective of sampling 

The objective of sampling a construction product is to obtain a sample in accordance with the specification of 
the test specimen representing the product given in the product standard and that is: 

 sufficiently representative of the quantity of product being assessed, D.1, D.2 and D.3; 

 fulfilling the prerequisites for the test(s) to be performed. 

D.6 Preparation of a sampling plan 

A sampling plan is to be completed prior to undertaking any product sampling. 

By providing specific and practical instructions, the sampling plan defines the boundaries and logistics of 
product sampling as part of the test procedure. 

The principles laid out in this annex can be used to produce a sampling plan for: 

 the development of a full horizontal test procedure as done in the present document; 

 the development of sampling instructions in a product standard by product TCs; 

 the production of standardised sampling plans for use under routine circumstances. 

The latter may be applied for example by an individual producer for application within the context of FPC. 

In the process of defining a sampling plan, the key steps of the test procedure (as shown in Figure D.3) are to 
be addressed. The definition process should:  

a) identify those individuals and organisations with an interest and detail the proposed sampling design in 
agreement with the requirements as specified by those involved parties; 

b) identify the requirements arising from other key steps in the test procedure; 

c) establish specific instructions for when and where, and how many samples and/or increments should be 
taken; 

d) identify all safety precautions that are to be taken. 

The specific details contained within any sampling plan may differ according to the objectives of the test 
procedure, the product to be sampled and the sampling circumstances. 
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Figure D.2 — Links between the essential elements of a test procedure  
wherein the main steps are numbered (1 to 7) 
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Figure D.3 — Details on the key steps of product sampling 
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D.7 Sampling strategy 

D.7.1 General 

General considerations taken from statistical observation techniques are helpful for specifying a sampling 
strategy for achieving representative test results. 

NOTE 1 The term "sampling strategy" is used in other documents with different definitions. Here this term relates to the 
aspects as referred to in the following subclauses: sampling approach, population and sub-population, scale, increment 
and sample size, and the sampling location and moment. In general terms, the sampling strategy takes into account the 
factors that determine what the sample is representative for and how the representativeness of the sample is ensured. 

NOTE 2 For good understanding of the concepts in the next subclauses, see also the definitions in Clause 3. 

D.7.2 Sampling approach 

Two basically different approaches for sampling can be used: 

 Probabilistic sampling, in which approach every item within the scale has an equal chance of being (part 
of) the sample and a random mechanism determines which items are part of the sample. This should be 
preferred if knowledge on product and process is insufficient. Sound statistical conclusions can be applied 
on the obtained test results only under the conditions of probabilistic sampling. However, when sufficient 
information is available, the quality of the results obtained with judgemental sampling can be the same as 
for probabilistic sampling, or even more reliable. 

 Judgemental sampling (or informed sampling), in which the selection of (an) item(s) within the scale that 
is (part of) the sample is based on knowledge about the product to be sampled and the process it 
originates from. This term covers a wide range of sampling approaches. Going from small deviations of a 
fully probabilistic approach, towards the judgemental selection of specifically identified items.  

NOTE The use of judgemental sampling does not imply that the quality of sampling, and specifically the 
representativeness of the obtained sample, are insufficient. When for example the production process is well known, one 
specifically chosen item might by itself provide an excellent estimate of the characteristic of interest, while probabilistic 
sampling would require a number of increments and/or samples to obtain a good estimate.  

When developing the sampling plan, an informed decision should be made on the sampling approach to be 
used. This choice is to be based on: 

a) full understanding of the concepts of probabilistic and judgemental sampling; 

b) the circumstances under which product sampling is to be performed; 

c) the availability of detailed knowledge on the product to be sampled and the process it originates from; 

d) the test(s) to be performed. 

D.7.3 Population and sub-population  

The term 'population' is defined as the "totality of items under consideration". A sub-population is defined as a 
"defined part of the population that is targeted for the purposes of sampling" (see Clause 3). 

The quantity of products covered by the declaration of performance is defined as the sub-population. 

The sub-population is to be defined, taking into account: 

 the objective of testing; 

 the resources available; 
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 the consequences of non-conformity; 

 the production process and the raw materials used. 

NOTE 1 As each sub-population is, from the perspective of sampling and testing, seen as an entity, testing is 
necessary for each sub-population. Defining small sub-populations consequently implies a high sampling and testing effort 
for the population, and consequently a big demand on available resources. Opposite, when defining large sub-populations 
the financial consequences of non-conformity are high. Ultimately, the definition of the sub-populations is based on a 
balanced decision between costs of sampling and testing, and the financial consequences of non-conformity. 

Whenever there is a possibility to link the definition of sub-populations to the production process, this should 
be done, as in general this allows the definition of sub-populations that in themselves are less variable in 
comparison to randomly defined sub-populations of the same size. 

NOTE 2 Referring to the example in D.1, the three series from each of which four tiles are taken, would be three 
individual sub-populations. 

In specific cases, the sub-population might be defined as a group of related products, for which the emission 
of dangerous substances is tested on the product that has the highest emission potential within that group. If 
this specific product conforms, it might be assumed that all other products in that group also conform. 
Obviously, it is essential in such a situation that the assumptions on which the proof is based are sufficiently 
substantiated.  

EXAMPLE A manufacturer produces autoclaved aerated concrete, with various product dimensions. The production 
is batch-wise, wherein the batch size is 20 t. Raw materials used in the production process are sand, lime, cement and 
gypsum in a constant mixture. Assuming a constant density of the products, the emission of dangerous substances is 
basically independent of the dimensions of the individual products. To a minor degree, variations in the emission relate to 
the batch in which a product is produced, but the major determining factor are variations in the raw materials. In this 
(somewhat simplified) example, the population covers all products produced with that same process. In the definition of a 
sub-population, account is taken of the fact that changes in the origin of the raw materials might have an impact on the 
emission of dangerous substances. A sub-population therefore is defined as all products produced with a specific process 
using raw materials of specified sources. 

D.7.4 Scale 

The scale is a crucially important element in defining a test procedure. It defines the minimum quantity (mass 
or volume) of the product for which test results are obtained. Information on characteristics of the product, 
including emission and variations therein, for a quantity of product smaller than the defined scale, is judged to 
be not relevant for the test results.  

The amount of variability in the population cannot be quantified without defining the scale on which that 
variability occurs.  

A given scale represents the quantity of product on which the measurement is based. Consequently, the 
mean value obtained for that scale is used to assess the construction product. When obtaining information 
about a product at the specified scale, then each numerical value is a mean for the volume or mass of product 
at that scale. 

The scale should be fixed in the product standard. In establishing the scale, the following aspects should be 
taken into account: 

 the variability of the product; 

 the possibility to obtain a smaller, but still representative, laboratory sample by an informed decision on 
the place or moment of product sampling; 

 the possibility to obtain a smaller, but still representative, laboratory sample by on site sample pre-
treatment; 

 the possibility to obtain a smaller, but still representative test specimen; 
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 the costs of product sampling and when necessary subsequent on site sample pre-treatment; 

 the risk of non-compliance and the acceptability of that risk for both producer and consumer; 

 the practicalities of product sampling; 

 the possibility to obtain a representative sample for a (much) larger quantity of product. 

The scale should be fixed, independently of the level of testing (e.g. IT or FPC) performed on the product. 

NOTE 1 The final quantity of product used for a test still has a certain mass (or volume). Assuming some variability 
even within this quantity of product implies that the test result is a mean value, influenced by both highs and lows within 
that quantity. Consequently, all test results represent a mean value of a certain mass or volume, independent of the size of 
that mass or volume and independent of the degree of variability within that mass or volume. 

Quite often, the choice of scale is not consciously made and is just based on the amount of product that is 
practical for sampling or necessary for the tests to be performed. Such an implicit decision on the scale might 
result in high variability between results and consequently a larger chance of non-compliance of the product. 
Assessing the product on a larger scale often is beneficial (see Example 2 in this clause). As a consequence, 
the size (mass or volume) of the laboratory sample is larger than the test specimen necessary. On site sample 
pre-treatment of the obtained large sample or composite sample can be necessary to obtain a representative 
laboratory sample. The on-site sample pre-treatment, as well as the production of the test specimen in the 
laboratory, has to ensure that the test specimen is representative for the mean value of the large sample or 
composite sample. Selecting a larger scale then results in a much better estimate of the mean characteristic 
of the sub-population, which can result in a lower sampling frequency. 

NOTE 2 Choosing a too small scale leads to test results that do not sufficiently represent the product sampled. The 
variability then is higher than what is expected. 

NOTE 3 Fixing the scale in the product standard establishes a level playing field in testing costs between different 
producers of the same product. 

NOTE 4 If the scale would be fixed differently between IT and FPC, there is a considerable chance that the results of IT 
would no longer be representative for the results obtained through FPC and vice versa. 

EXAMPLE 1 Referring to the example in D.1, two different scales are used. In the situation where four individual tiles 
are taken from each of the three sub-populations, the scale is a single tile. Information on the emission is obtained on the 
level of an individual tile. As the tile is the lowest quantity of product for which information is obtained, no information is 
available on the variability within an individual tile. In this example, this is considered to be unimportant for the test result.  

In the second part of the example, the four tiles from a sub-population are tested together. The scale has been enlarged to 
the quantity of four tiles. No information is obtained on a smaller quantity than four tiles and in this second part it is 
therefore assumed that this variation is unimportant. At the same time, as long as only one set of four tiles is obtained from 
a sub-population, there is no information available on the variability within the sub-population. The total number of tiles in 
the sub-population is far larger than four, so there is still a difference between the quantity of product to which the test 
result is directly related (four tiles) and the quantity of product that is assessed on the basis of that result (the sub-
population). 

Finally, in the example in D.1 the results of the three sets of four tiles are compared to each other. In this situation, the 
scale is still a quantity of four tiles, but now the definition of the sub-population has changed. The sub-population in the last 
part of the example is equal to the three sub-populations in the first part of the example. 

The variability in a product from gram to gram is likely to be larger than the variability in that same product 
from kilogram to kilogram. If variations on such a fine scale as grams are believed to be important, then that is 
the scale on which the sampling should operate. If, conversely, variations within any one kilogram of product 
are irrelevant for the test result, the primary aim of the product sampling should be to quantify variability solely 
on the kilogram-to-kilogram scale. It is therefore of vital importance that the scale is stated explicitly. 

If a test specimen for testing a product is 1 kg, when the scale is not considered when defining the sampling 
plan, a sample of 1 kg is obtained. Variability between samples of 1 kg is substantially higher than variability 
on a scale of 1 000 kg. At the same time, it is not possible to take a 1 000 kg sample. Therefore, the scale of 
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1 000 kg may be sampled by incremental sampling. The number of increments taken from the selected 
1 000 kg needs to ensure that the resulting composite sample still provides a good estimate of the mean value 
for 1 000 kg. The number of increments necessary depends on the variability on the scale of the individual 
increments, for example 250 g, and the accepted uncertainty in the estimated mean value. Assuming this is 
fulfilled with 20 increments, the resulting composite sample is 5 kg. Preparation of the test specimen in the 
laboratory then has to ensure the representativeness of a test specimen of 1 kg from the composite sample. 
As the variability on the scale of 1 kg is substantially higher than the variability on the scale of 1 000 kg, the 
chance of non-compliance is substantially higher when using a (implicit) scale of 1 kg instead of a scale of 
1 000 kg. 

EXAMPLE 2 An evaluation of the risk on non-conformity is specifically important when there is a large difference 
between the quantity of product from which a (possibly composite) sample is obtained, and the quantity of product that is 
usually applied by the consumer. If a product TC decided to set the scale for a specific type of floor covering at the median 
daily production of the involved producers, e.g. 25 000 m2. Consequently, the test result represents the average emissions 
of a quantity of 25 000 m2 with a test specimen size of 1 m2. This type of floor covering may be used mainly by private 
consumers, where the median quantity applied is 50 m2. The consumer expects that the emissions declared are valid for 
the quantity that he used.  

In case of small variability of emissions within the production of one day, a single randomly sampled 1 m2 
shows emissions comparable to the emissions of any randomly chosen 1 m2 sample during that day. In such 
a situation, the producer does not need to worry (too much) about the difference between the chosen scale 
(25 000 m2), and the quantity of the product that is normally used (50 m2).  

In case of large variability of emissions within the production of one day, there might be an unacceptable large 
chance that the product does not comply for a certain quantity of 50 m2, even though the mean of the whole 
day does comply. Consequently, the producer might expect consumer complaints. Apart from making 
changes to the process to enable a more stable quality of the product with respect to the emission of 
regulated dangerous substances, the product TC should also consider to define a smaller scale than which 
was originally chosen. By choosing a scale equal or comparable to the median quantity applied, the risk of 
consumer complaints is far less. 

When comparing test results of a relatively heterogeneous construction product with a given set of limit 
values, a well-chosen scale can have a significant effect on the conclusions with respect to (non-)compliance. 
In Figure D.4, the test results of a product over time are depicted. Tests have been performed with test 
specimens obtained from composite samples of 500 g. These composite samples were obtained from a 
product sampled over time on a scale of 100 kg, 1 000 kg and 2 000 kg. Non-conformity is assumed at a value 
1,75 and is shown as a horizontal line. It is obvious that due to variations in the product on a small scale 
(100 kg), the product frequently exceeds the level of non-conformity. Assuring the quality of the product on the 
market based on test for the 100 kg scale would, in light of the considerable risk of non-conformity, imply high 
frequent testing and would consequently be expensive. However, when testing the same product on a larger 
scale of 1 000 kg, the product always complies. Consequently, the test frequency can be much lower. Finally, 
when looking at the product quality on a scale of 2 000 kg, there is little variability in the product, it lies well 
below the limit value and consequently a low test frequency is possible. It should be noted that regulations 
may not accept values above the limit value at any time. 

EXAMPLE 3 The manufacturer of autoclaved aerated concrete in Example 2 in D.7.3 defines the scale on which 
information on the sub-population is obtained as the amount of products produced during a single autoclave step. Given 
the production facility, this is a quantity of four batches of 20 t each. 
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Figure D.4 — Results over time for a product tested at three different scales,  
100 kg, 1 000 kg and 2 000 kg, where the horizontal bold line is the cut off for non-conformity 

D.7.5 Size of increments and samples  

An increment is an individual portion of a product collected by a single operation of a sampling device which is 
not tested as a single entity, but is mixed with other increments in a composite sample. 

Whenever the portion of product collected by a single operation of a sampling device is analysed individually, 
the obtained product is called a sample. In such a situation, the quantity of product has to fulfil both the criteria 
for the size of an increment as well as for a sample. 

A composite sample consists of two or more increments, put together in appropriate portions, from which the 
mean value of a desired characteristic may be obtained. 

Whenever the scale is larger than the quantity of product used in the test, measures should be taken to 
ensure the representativeness of the sample for the quantity of product at the chosen scale. When technically 
possible, incremental sampling is an effective strategy to obtain a good estimate of the mean characteristic for 
the scale. This has to be weighed against the fact that new cutting edges may impact emissions test result in 
an unacceptable manner. 

NOTE 1 The representativeness of the composite sample obtained directly depends on the variability of the product on 
the scale of the individual increments. In principle, variability on that small scale is considered to be unimportant as the 
chosen scale is (much) larger. However, when the variability on the scale of the increments is known, and the accepted 
level of uncertainty is defined, the number of increments that are to be combined in a composite sample can be calculated. 

Incremental sampling does not per definition imply mixing of the product. Given the example of D.1, an 
increment is an individual tile, while the composite sample consists of four individual tiles. When the quantity 
of product obtained in this way is suitable for the test, the full composite sample can be tested. Sub-sampling 
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from the individual tiles might become necessary when the test specimen has the size of an individual tile. 
Then a quarter of each of the tiles should be obtained through sub-sampling when producing the test 
specimen. 

NOTE 2 Except for granular products and small shaped products, incremental sampling normally is no option when 
determining the emission into indoor air. Cutting small pieces out of a larger product and later recombination in a 
composite sample cannot be used because the cut edges disturb the emission test result. 

D.7.6 Sampling of complex, composite and large products 

Samples of complex, composite and large products are taken and test specimens are prepared for emission 
testing in accordance with the specifications given in the product standard specifying the considered product.   

Complex, composite and large products are evaluated as whole unit. For practical purposes, the product 
standard specifying the considered product may foresee testing a model representing the whole product. 

CEN/TR 16220 provides guidance on obtaining samples and increments (joint in a composite sample) which 
are sufficiently representative for the sub-population sampled. 

The declaration of performance is targeted at the product in its intended use. As some products per definition 
are applied together with other products, this should be taken into account, specifically as the emission of the 
product might be highly dependent on the combination of products. 

D.7.7 Sampling location and moment 

CEN/TR 16220 provides guidance on the location where and moment when a sample or individual increment 
is taken.  

Samples or increments should be taken from the factory as brought onto the market (ready for dispatch to 
distributors or users), as typical as possible for the total volume of production for which the performance is 
declared. Sample location and moment should be selected such, that raw materials and production process 
are as typical as possible with respect to the tested properties. Within these boundary conditions, samples or 
increments are to be taken based on random or stratified random sampling. Another good strategy is worst-
case sampling, where the sample taken represents products with the highest expected emissions. 

NOTE Knowledge on the variability of a product, in light of defined choices about the sub-population to be tested and 
the scale on which these tests are to be performed, might be available for product TCs. If this information is not available, 
it would be highly beneficial to obtain that information as this allows for informed decision on the cost effective testing of 
the product. 
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Annex E 
(informative) 

 
Example of a form for the sampling report 

Testing laboratory / certification body: Sampler (name, company, telephone): 

Name of the manufacturer at the place of sampling 
(address/stamp): 
 
 

Manufacturer (if deviating from company's name at 
the place of sampling): 

Name of the product: Type of product (e.g. laminate, textile flooring, PVC-
flooring): 
 
 

Model/program/series: Batch No: 

Article No: 
Misc.: 

Date of batch production: 

Sample is taken from  Production 
 Store 
 Miscellaneous 

How had the product 
been stored prior to 
sampling? 

 open 
 in the stack 
 wrapped up 

Place of storage: Packing material: 
 
 

Specifics (possible negative influences by emission at the place of taking the sample, petrol emissions, 
solvent emissions from production, uncertainties, questions, etc.): 
 
 

Cut edges (identification of cut edges when present and identification of new surfaces and surface to be 
exposed in the emission test): 
 
 

Confirmation 
The signer herewith confirms the correctness of the data given above. The sample was selected, drawn and 
packed personally in accordance with the instructions for the taking of samples. 

Date of sampling: Signature: 
(Stamp) 

 

NOTE This form is based on the form as used by German DIBT authority (German Institute for Construction 
Technology) within notified German regulation of emissions from construction products into indoor air. 
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Annex F 
(informative) 

 
Example form for a chain of custody report 

Chain of custody report Reference no.:  

Site: File name: 

Start: Date  Time  File no.: 

End Date  Time  Person in charge: 

Sampler, initials:   Other specifications: 

 

Sampling report reference no.:  

 

Sample no. start:  Total no. of samples:  

Sample no. end:  Laboratory:  

Sample ID: 

          

          

 

Handed over between: Time Justification Conditions 

     

Handed over by: Initials    

Signature    

Handed over to: Initials    

Signature    

     

Handed over by: Initials    

Signature    

Handed over to: Initials    

Signature    

     

Handed over by: Initials    

Signature    

Handed over to: Initials    
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Annex G 
(informative) 

 
Benzene artefact generation on Tenax 

Benzene can be generated as an artefact on clean Tenax TA tubes. The level of benzene is thought to be 
primarily linked to tube desorption temperature and is minimised if tubes are stringently conditioned at 
temperatures up to 320 °C, then desorbed at temperatures of 280 °C or below. However, other factors may 
also contribute, for example interaction with ozone or certain VOCs in the sampled air. It has not yet been 
possible to identify rules or correlations explaining completely under which conditions this occurs or not. If 
significant benzene artefact levels are generated from Tenax TA during analysis, it can interfere with benzene 
measurements in the low µg/m3 range giving falsely high readings. 

In the course of a robustness study of this Technical Specification, investigations on the generation of 
benzene during air sampling and analysis were performed in different laboratories with different experimental 
settings.  

These investigations showed that some laboratories reported unexpected increase of benzene levels on 
Tenax TA tubes after sampling from an atmosphere known to be free of benzene. In these cases, this 
benzene level was higher than blank level determined from the same Tenax TA tube before air sampling. 

In most (but not all) of the cases, benzene increased during air sampling in the low nanogram range, resulting 
in false chamber air concentrations generally below 0,2 µg/m3, but up to 2 µg/m3 in other cases. This can 
impair accuracy of benzene determination in low levels in the µg/m3 range. 

One possible assumption is that benzene is generated on Tenax TA tubes during air sampling under certain 
conditions. The mechanism has not been identified. It cannot be excluded that certain VOC mixtures after 
adsorption undergo chemical reaction while sampling air passes over surface of Tenax TA. 

As benzene test results in the low µg/m3 range can be overestimated by artefact generation to a significant 
extent, it is recommended to verify low-level test results with an independent second testing method 
(see Annex B for additional information) before assessing a test result against any low limit value of 
e.g. 1 µg/m3. 

If the product manufacturer or the testing laboratory expects or experiences a significant risk of artefact 
generation of benzene, especially in cases of low test results, this should be communicated between the 
involved parties and considered when reporting and interpreting the test results. 
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Annex H 
(informative) 

 
Information on regulations concerning the emission into indoor air of 

dangerous substances from construction products 

At the time when this CEN/TS was adopted several national regulations were requiring the determination of 
the emission into indoor air of dangerous substances from construction products. They are listed below in 
alphabetical order and include the references of these regulations. 

It should be noted that these regulations may require different and/or additional calculation methods for 
assessing the test results. 

 BELGIUM  
Draft Royal Decree establishing threshold levels for the emissions to the indoor environment from 
construction products for certain intended uses and notified in October 2012 under the 98/34 Directive 
with number 2012/568/B. 

 FRANCE  
Décret n° 2011-321 du 23 mars 2011 relatif à l'étiquetage des produits de construction ou de revêtement 
de mur ou de sol et des peintures et vernis sur leurs émissions de polluants volatils, NOR: 
DEVL1101903D http://www.developpement-durable.gouv.fr/Chapitre-II-Industriels-comment.html 

Arrêté du 19 avril 2011 relatif à l'étiquetage des produits de construction ou de revêtement de mur ou de 
sol et des peintures et vernis sur leurs émissions de polluants volatils, NOR: DEVL1104875A, 
http://www.developpement-durable.gouv.fr/Chapitre-II-Industriels-comment.html. 

Arrêté du 30 avril 2009 relatif aux conditions de mise sur le marché des produits de construction et de 
décoration contenant des substances cancérigènes, mutagènes ou reprotoxiques de catégorie 1 ou 2, 
NOR: DEVP0908633A 

Arrêté du 28 mai 2009 modifiant l'arrêté du 30 avril 2009 relatif aux conditions de mise sur le marché des 
produits de construction et de décoration contenant des substances cancérigènes, mutagènes ou 
reprotoxiques de catégorie 1 ou 2 NOR: DEVP0910046A, http://www.developpement-
durable.gouv.fr/Chapitre-II-Industriels-comment.html 

Arrêté modifiant l'arrêté du 19 avril 2011 relatif à l'étiquetage des produits de construction ou de 
revêtement de mur ou de sol et des peintures et vernis sur leurs émissions de polluants volatils, NOR: 
1133129A, http://www.developpement-durable.gouv.fr/Chapitre-II-Industriels-comment.html 

 GERMANY 
Grundsätze zur gesundheitlichen Bewertung von Bauprodukten in Innenräumen (August 2011) 
http://www.dibt.de/en/Divisions/Referat_II4.html 

The construction products for which the requirements are binding are listed in: 
http://www.dibt.de/en/Service/Dokumente-Listen-BRL.html 

Volatile carcinogenic substances of categories CARC 1A and CARC 1B of Annex VI to Regulation (EC) 
No 1272/2008 (Table 3.1). 

The current list of LCI compounds and values is published by the AgBB (Ausschuss zur gesundheitlichen 
Bewertung von Bauprodukten; http://www.umweltbundesamt.de/en/topics/health/committee-for-health-
related-evaluation-of-building). 
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EXAMPLE of different and/or additional calculation methods that may be required by regulation for assessing 
the test results: Supplementary calculation of TVOCSUM 

If required, it may be necessary to supplement the TVOC test result (as specified in 3.3.9) with a TVOCSUM 
value calculated as follows: 

a) The TVOCSUM is determined by summing the individual concentrations of every identified and unidentified 
VOC at a concentration of ≥ 5 μg/m3, after subtracting non-interfering artefacts. In general, the highest 
possible degree of identification – beyond the information of ISO 16000-6 – should be pursued in order to 
enable an individual substance assessment. 

b) TVOCSUM is defined as the sum of: 

1) all individual target VOCs (compounds with a LCI value) (see Ad c.1 below); 

2) all volatile carcinogenic substances of EU categories 1A and 1B (see Ad c.2 below); 

3) all individual non-target VOCs and non-identified VOCs (see Ad c.3 below). 

Ad c.1) Every target VOC (compounds with a national LCI value) is identified via its mass spectrum and 
retention time, and quantified via its substance-specific response factors, provided the available 
chromatogram allows reliable quantification. For this, it is assumed that all of these compounds are available 
in the testing laboratory either as pure substances or in form of certified standard solutions.  

Ad c.2) Every carcinogenic substance in EU categories 1A and 1B is defined via its mass spectrum and 
retention time, and quantified via its substance-specific response factors, provided the available 
chromatogram allows reliable quantification. For carcinogenic substances, a detection threshold of ≤ 1µg/m3 
should be ensured. 

Ad c.3) Every non-target VOC and non-identified VOC is quantified as toluene equivalent (TE). 

 

PD CEN/TS 16516:2013

http://dx.doi.org/10.3403/30209058U


CEN/TS 16516:2013 (E) 

54 

Bibliography 

[1] EN 120, Wood-based panels  Determination of formaldehyde content  Extraction method called the 
perforator method 

[2] EN 717-1, Wood-based panels  Determination of formaldehyde release  Part 1: Formaldehyde 
emission by the chamber method 

[3] EN 717-2, Wood-based panels  Determination of formaldehyde release  Part 2: Formaldehyde 
release by the gas analysis method 

[4] EN 717-3, Wood-based panels  Determination of formaldehyde release  Part 3: Formaldehyde 
release by the flask method  

[5] EN ISO 11890-1, Paints and varnishes  Determination of volatile organic compound (VOC) content  
Part 1: Difference method 

[6] EN ISO 11890-2, Paints and varnishes  Determination of volatile organic compound (VOC) content  
Part 2: Gas-chromatographic method 

[7] EN ISO 16000-10, Indoor air  Part 10: Determination of the emission of volatile organic compounds 
from building products and furnishing — Emission test cell method 

[8] EN ISO 17895, Paints and varnishes  Determination of the volatile organic compound content of low-
VOC emulsion paints (in-can VOC) 

[9] ISO 11074:2005, Soil quality  Vocabulary 

[10] ISO 12219-3, Interior air of road vehicles  Part 3: Screening method for the determination of the 
emissions of volatile organic compounds from vehicle interior parts and materials  Micro-scale chamber 
method 

[11] ISO 12460-1, Wood-based panels  Determination of formaldehyde release  Part 1: Formaldehyde 
emission by the 1-cubic-metre chamber method 

[12] ISO 12460-3, Wood-based panels  Determination of formaldehyde release  Part 3: Gas analysis 
method 

[13] ISO 12460-4, Wood-based panels  Determination of formaldehyde release  Part 4: Desiccator 
method 

[14] ISO 12460-5, Wood-based panels  Determination of formaldehyde release  Part 5: Extraction method 

[15] ASTM D5582, Standard test method for determining formaldehyde levels from wood products using a 
desiccator 

[16] ASTM D6196-03, Standard practice for selection of sorbents, sampling and thermal desorption analysis 
procedures for volatile organic compounds in air 

[17] JIS A 1901, Determination of the emission of volatile organic compounds and aldehydes for building 
products – Small chamber method 

[18] EC 1272/2008, Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16 
December 2008 on classification, labelling and packaging of substances and mixtures, amending and 
repealing Directives 67/548/EEC and 1999/45/EC, and amending Regulation (EC) No 1907/2006 

PD CEN/TS 16516:2013

http://dx.doi.org/10.3403/01009516U
http://dx.doi.org/10.3403/30075023U
http://dx.doi.org/10.3403/00466136U
http://dx.doi.org/10.3403/00801804U
http://dx.doi.org/10.3403/02484107U
http://dx.doi.org/10.3403/02483612U
http://dx.doi.org/10.3403/30109560U
http://dx.doi.org/10.3403/03250955U
http://dx.doi.org/10.3403/30086458
http://dx.doi.org/10.3403/30231409U


CEN/TS 16516:2013 (E) 

55 

[19] ECA Report No 13, Determination of VOCs emitted from indoor materials and products. Interlaboratory 
comparison of small chamber measurements, Commission of the European Communities, DG XIII 
Luxemburg, 1993 

[20] ECA Report No 16, Determination of VOCs emitted from indoor materials and products. Second 
interlaboratory comparison of small chamber measurements, Joint Research Centre, Environment 
Institute, Ispra, 1995 

[21] GUT Test Criteria 2011, GUT Aachen 

[22] OPPL, R., Reliability of VOC emission chamber testing  progress and remaining challenges, in: 
Gefahrstoffe - Reinhaltung der Luft 68 (2008), pp 83-86 

[23] VDA 277, Determination of organic emissions from non-metallic materials in vehicle interiors 

[24] VDA 278, Thermal desorption analysis of organic emissions for the characterization of non-metallic 
materials for automobiles 

[25] WILKE, O. et al., Investigations for the improvement of the measurement of volatile organic compounds 
from floor coverings within the health-related evaluation of construction products, BAM, Berlin 2009, ZP 
52-5-20.49.1-1251/07 

[26] CEN/TC 351/WG 2, Robustness Validation of Methods developed by CEN/TC 351/WG 2, published in the 
Internet at http://www.centc351.org 

[27] IUPAC, International Union of Pure and Applied Chemistry, Analytical Chemistry Division Commission on 
Analytical Nomenclature (1990): Nomenclature for sampling in analytical chemistry (Recommendations 
1990). Pure & Applied Chemistry, Vol. 62, No. 6, pp. 1193-1208. 

[28] WHO "World Health Organisation (1987): Air quality guidelines for Europe. WHO Regional Publications, 
European Series No 23. Copenhagen: WHO Regional Office for Europe. 

 

PD CEN/TS 16516:2013

http://www.centc351.org/


This page deliberately left blank



This page deliberately left blank



BSI is the national body responsible for preparing British Standards and other 
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization 
products are published by BSI Standards Limited.

British Standards Institution (BSI)

BSI Group Headquarters

389 Chiswick High Road London W4 4AL UK

About us
We bring together business, industry, government, consumers, innovators 
and others to shape their combined experience and expertise into standards 
-based solutions.

The knowledge embodied in our standards has been carefully assembled in 
a dependable format and refined through our open consultation process. 
Organizations of all sizes and across all sectors choose standards to help 
them achieve their goals.

Information on standards
We can provide you with the knowledge that your organization needs 
to succeed. Find out more about British Standards by visiting our website at 
bsigroup.com/standards or contacting our Customer Services team or 
Knowledge Centre.

Buying standards
You can buy and download PDF versions of BSI publications, including British 
and adopted European and international standards, through our website at 
bsigroup.com/shop, where hard copies can also be purchased. 

If you need international and foreign standards from other Standards Development 
Organizations, hard copies can be ordered from our Customer Services team.

Subscriptions
Our range of subscription services are designed to make using standards 
easier for you. For further information on our subscription products go to 
bsigroup.com/subscriptions.

With British Standards Online (BSOL) you’ll have instant access to over 55,000 
British and adopted European and international standards from your desktop. 
It’s available 24/7 and is refreshed daily so you’ll always be up to date. 

You can keep in touch with standards developments and receive substantial 
discounts on the purchase price of standards, both in single copy and subscription 
format, by becoming a BSI Subscribing Member. 

PLUS is an updating service exclusive to BSI Subscribing Members. You will 
automatically receive the latest hard copy of your standards when they’re 
revised or replaced. 

To find out more about becoming a BSI Subscribing Member and the benefits 
of membership, please visit bsigroup.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards 
publications on your intranet. Licences can cover as few or as many users as you 
wish. With updates supplied as soon as they’re available, you can be sure your 
documentation is current. For further information, email bsmusales@bsigroup.com.

Revisions
Our British Standards and other publications are updated by amendment or revision. 

We continually improve the quality of our products and services to benefit your 
business. If you find an inaccuracy or ambiguity within a British Standard or other 
BSI publication please inform the Knowledge Centre.

Copyright
All the data, software and documentation set out in all British Standards and 
other BSI publications are the property of and copyrighted by BSI, or some person 
or entity that owns copyright in the information used (such as the international 
standardization bodies) and has formally licensed such information to BSI for 
commercial publication and use. Except as permitted under the Copyright, Designs 
and Patents Act 1988 no extract may be reproduced, stored in a retrieval system 
or transmitted in any form or by any means – electronic, photocopying, recording 
or otherwise – without prior written permission from BSI. Details and advice can 
be obtained from the Copyright & Licensing Department.

Useful Contacts:
Customer Services
Tel: +44 845 086 9001
Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 845 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

www.bsigroup.com/standards
www.bsigroup.com/shop
www.bsigroup.com/shop
www.bsigroup.com/subscriptions

	64_e_stf.pdf
	1 Scope
	2 Normative references
	3 Terms, definitions and abbreviations
	3.1 Terms relating to sampling and products
	3.2 Terms relating to emissions into indoor air and associated laboratory testing
	3.3 Terms relating to determination of emitted substances
	3.4 Abbreviations

	4 Intended conditions of use, emission scenarios and European reference room
	4.1 Intended conditions of use and emission scenario
	4.2 Reference room and emission scenario
	4.2.1 General
	4.2.2 Dimensions and loading factors in the reference room
	4.2.3 Ventilation in the reference room
	4.2.4 Climate conditions in the reference room

	4.3 Time schedule of emission(s) determination

	5 Product sampling and transport to the laboratory
	5.1 Introduction
	5.2 Objective of sampling
	5.3 Preparation of a sampling plan and sampling strategy
	5.3.1 General
	5.3.2 Sampling approach
	5.3.3 Population and sub-population
	5.3.4 Scale
	5.3.5 Size of samples, of increments when relevant, and sampling techniques
	5.3.6 Sampling of complex, composite and large products
	5.3.7 Sampling location and moment

	5.4 Information from the testing laboratory needed to complement the product sampling plan
	5.5 Packaging and transport of laboratory sample
	5.6 Sample description, marking of laboratory sample and sampling report
	5.7  Chain of custody report
	5.8 Dispatch of product samples, time schedule

	6 Handling of product samples in the laboratory
	6.1 Storage of sample in the testing laboratory
	6.2 Preparation of the test specimen

	7 Test chamber conditions
	7.1 Principles
	7.2 Dimensions of test specimen
	7.3 Loading factor
	7.4 Ventilation
	7.5 Air velocity
	7.6 Cleanliness of test chamber
	7.7 Testing climate (temperature, relative humidity of supply air)
	7.8 Storage of test specimen
	7.9 Large bulk products
	7.10 Volume of test chamber
	7.11 Placement of test specimen in test chamber

	8 Determination of volatile organic compounds in test chamber air
	8.1 Common requirements
	8.2 Determination of VOCs and SVOCs in test chamber air
	8.2.1 Introduction
	8.2.2 Capillary GC column
	8.2.3 Tube conditioning and laboratory blank tubes
	8.2.4 Checking the test chamber blank
	8.2.5 Sampling test chamber air
	8.2.6 Calibration and analysis
	8.2.6.1 Reporting limit, quantification limit
	8.2.6.2 Identified compounds (target and non-target compounds)
	8.2.6.3 Unidentified compounds

	8.2.7 Total volatile organic compounds (TVOC) and total semi-volatile organic compounds (TSVOC)
	8.2.8 Quality control – Additional method performance checks required

	8.3 Determination of formaldehyde and some other volatile carbonyl compounds in test chamber air
	8.4 Quality control – External references

	9 Calculation of specific emission rates and expression of results at the reference room
	10 Reporting for the horizontal reference method
	10.1 General
	10.2 Sampling
	10.3 Handling of samples in the laboratory, preparation of test specimen
	10.4 Test chamber conditions
	10.5 Determination of vapour-phase organic compounds in test chamber air
	10.6 Calculation and reporting of test results

	11 Indirect methods
	Annex A  (informative)  Repeatability
	Annex B  (informative)  Examples of indirect methods (also called simplified, screening, secondary, derived or alternative methods)
	B.1 General
	B.2 Indirect methods relative to testing devices for generating emissions
	B.2.1 Emission cell
	B.2.2 Micro-chamber
	B.2.3 Thermal extraction

	B.3 Indirect methods relative to analysis
	B.3.1 Headspace and in-can VOC determination
	B.3.2 VOC content determination
	B.3.3 Formaldehyde specific methods

	B.4 Indirect methods relative to the evaluation of the test result
	B.4.1 Method integrated in production monitoring
	B.4.2 Prediction of results at 28 days


	Annex C  (informative)  Information on very volatile organic compound (VVOC) testing
	Annex D  (informative)  Key concepts for product sampling
	D.1 Representativeness
	D.2 Uncertainty
	D.3 Aspects of repetitive sampling
	D.4 Series of steps in sampling
	D.5 Objective of sampling
	D.6 Preparation of a sampling plan
	D.7 Sampling strategy
	D.7.1 General
	D.7.2 Sampling approach
	D.7.3 Population and sub-population
	D.7.4 Scale
	D.7.5 Size of increments and samples
	D.7.6 Sampling of complex, composite and large products
	D.7.7 Sampling location and moment


	Annex E  (informative)  Example of a form for the sampling report
	Annex F  (informative)  Example form for a chain of custody report
	Annex G  (informative)  Benzene artefact generation on Tenax
	Annex H  (informative)  Information on regulations concerning the emission into indoor air of dangerous substances from construction products



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




