
This document is downloaded from the
VTT’s Research Information Portal
https://cris.vtt.fi

VTT
http://www.vtt.fi
P.O. box 1000FI-02044 VTT
Finland

By using VTT’s Research Information Portal you are bound by the
following Terms & Conditions.

I have read and I understand the following statement:

This document is protected by copyright and other intellectual
property rights, and duplication or sale of all or part of any of this
document is not permitted, except duplication for research use or
educational purposes in electronic or print form. You must obtain
permission for any other use. Electronic or print copies may not be
offered for sale.

VTT Technical Research Centre of Finland

Emission measurements of heavy metals with the European standard
reference methods EN 14385 and EN 13211- observations from
interlaboratory comparison (ILC) measurements performed at waste-to-
energy plant in Finland
Pellikka, Tuula; Kajolinna, Tuula

Published in:
Journal of the Air and Waste Management Association

DOI:
10.1080/10962247.2020.1797926

Published: 02/10/2020

Document Version
Peer reviewed version

License
CC BY-ND

Link to publication

Please cite the original version:
Pellikka, T., & Kajolinna, T. (2020). Emission measurements of heavy metals with the European standard
reference methods EN 14385 and EN 13211- observations from interlaboratory comparison (ILC) measurements
performed at waste-to-energy plant in Finland. Journal of the Air and Waste Management Association, 70(10),
990-1008. https://doi.org/10.1080/10962247.2020.1797926

Download date: 22. May. 2023

https://doi.org/10.1080/10962247.2020.1797926
https://cris.vtt.fi/en/publications/4f594db6-d9d6-4b85-bc39-ca1682b91fc6
https://doi.org/10.1080/10962247.2020.1797926


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=uawm20

Journal of the Air & Waste Management Association

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/uawm20

Emission measurements of heavy metals with the
European standard reference methods EN 14385
and EN 13211- observations from interlaboratory
comparison (ILC) measurements performed at
waste-to-energy plant in Finland

Tuula Pellikka & Tuula Kajolinna

To cite this article: Tuula Pellikka & Tuula Kajolinna (2020): Emission measurements of heavy
metals with the European standard reference methods EN 14385 and EN 13211- observations from
interlaboratory comparison (ILC) measurements performed at waste-to-energy plant in Finland,
Journal of the Air & Waste Management Association, DOI: 10.1080/10962247.2020.1797926

To link to this article:  https://doi.org/10.1080/10962247.2020.1797926

© 2020 A&WMA Accepted author version posted online: 27
Jul 2020.

Submit your article to this journal Article views: 70

View related articles View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=uawm20
https://www.tandfonline.com/loi/uawm20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10962247.2020.1797926
https://doi.org/10.1080/10962247.2020.1797926
https://www.tandfonline.com/action/authorSubmission?journalCode=uawm20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=uawm20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10962247.2020.1797926
https://www.tandfonline.com/doi/mlt/10.1080/10962247.2020.1797926
http://crossmark.crossref.org/dialog/?doi=10.1080/10962247.2020.1797926&domain=pdf&date_stamp=2020-07-27
http://crossmark.crossref.org/dialog/?doi=10.1080/10962247.2020.1797926&domain=pdf&date_stamp=2020-07-27


Publisher: Taylor & Francis & A&WMA 

Journal: Journal of the Air & Waste Management Association 

DOI: 10.1080/10962247.2020.1797926 

Emission measurements of heavy metals with the European standard reference 

methods EN 14385 and EN 13211- observations from interlaboratory comparison 

(ILC) measurements performed at waste-to-energy plant in Finland 

Tuula Pellikka,1 Tuula Kajolinna 1 

1 VTT Technical Research Center of Finland Ltd, P.O. Box 1000, FI-02044 VTT, Finland 

Please address correspondence to: Tuula Pellikka, VTT Technical Research Center of Finland 

Ltd, P.O. Box 1000, FI-02044 VTT, Finland, e-mail: tuula.pellikka@vtt.fi 

Abstract 

This study presents the heavy metal results obtained during Finnish interlaboratory 

comparison (ILC) measurements made during 2019. The aim of this measurement campaign 

was to verify the skills of accredited emission measurement teams and also to evaluate the 

challenges that stack testing teams face in the future when emission levels decrease. ILCs 

have been organized in Finland since the 1970s. ILCs provide an important platform for stack 

testing teams so that they can verify their measurement skills and also for the dissemination 

of knowledge. The knowledge about the measurement standards and their requirements has 

improved among stack testing teams during past years in Finland. As emission levels get 

lower, they still need to pay more attention to some quality assurance procedures, e.g. to 

method and field blanks. Based on the observations of this ILC for heavy metals it can be 

noted that the challenges that stack testing teams face are related to the fact that no guidance 

is given in the standard reference methods EN 13211 and EN 14385 for example on the 

calculation of measurement uncertainties and how results below limit of quantification should 

be taken into account. These reference methods were suitable for their purpose at the time 

they were validated. However, emission levels are now more stringent and it is challenging to 

measure them with acceptable uncertainty criteria. As a consequence, there is a clear need for 

harmonized approaches in Europe for consistent implementation of standards and regulations. 

Key issues where guidance should be provided include realistic measurement uncertainties at 

low concentration levels, reporting low concentrations and guidance on how measurement 
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uncertainties should be taken into account when the results are used for compliance 

assessment. The overall aim is to ensure that even with low emission levels, the emission 

measurement results would be transparent and robust throughout the EU. 
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Implications 

Interlaboratory comparison measurements between stack testing teams are the most important 

tool to verify the quality of the measurements. Participation in an appropriate ILC is often 

mandatory to successfully achieve accreditation under ISO 17025. Such campaigns also 

provide an efficient platform for dissemination of knowledge. In addition, ILCs can be used 

to clarify the challenges that teams nowadays face when measuring low emission levels, thus 

creating important information for the revision work of standards. 

1 Introduction 

The European Industrial Emissions Directive, IED, 2010/75/EU, (European Union, 2010), 

later referred to as IED, sets out emission limit values (ELV) for example for large 

combustion plants as well as for waste incineration processes. 

For heavy metals (As, Cd, Cr, Co, Cu, Mn, Ni, Pb, Sb, TI, V, and Hg), one measurement at 

least every 3 months shall be carried out for the first 12 months of operation of a waste 

incineration unit and after this time period at least two measurements per year. It is also 

specified that if heavy metal emissions are under all conditions below 50% of their ELV, then 

the competent authority may decide to require only one measurement every 2 years for heavy 

metals. 

In addition to IED, sector specific Best Available Techniques reference documents (BREFs) 

are produced in Europe and used for defining operating permits for industry. The "BAT 

conclusions" is a document containing the parts of a BREF document laying down the 

conclusions on best available techniques, and BAT conclusions are binding. Permits given to 

industrial activities shall be based on so-called BAT-Associated Emission Levels (BAT-

AEL). 
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In many BREF documents, new BAT conclusions pose even lower emission limits for many 

pollutants. In Table 1, a comparison between ELVs given in IED and BAT-AEL values given 

in WI BREF (EC 2019) is given. 

Table 1. Comparison of IED-ELVs with WI-BREF BAT-AEL values (heavy metals). 

 IED- ELV 
values 

WI-BREF BAT-AEL values 

sum of Cd and Tl 0.05 mg/m3 0.005–0.02 mg/m3, as the average over 
the sampling period (BAT conclusion 25 
of WI BREF) 

sum of 
As+Cr+Co+Cu+Mn+Ni+Pb+Sb+V 

0.5 mg/m3 0.01–0.3 mg/m3, as the average over the 
sampling period (BAT conclusion 25 of 
WI BREF) 

Hg 0.05 mg/m3 0.005–0.020 mg/m3 for an existing plant, 
as a daily average or as the average over 
the sampling period or 1–10 µg/m3 for a 
long term sampling period (BAT 
conclusion 31 of WI BREF) 

 

Member countries can decide themselves whether they use the upper or lower limit BAT-

AEL values when setting the permits for industrial operations. The local competent authority 

is at liberty to set an emission limit anywhere in this range (or even below the minimum) but 

may not set a limit value that is above the range. 

According to IED, sampling and analysis of all polluting substances shall be carried out 

according to EN-standards. EN 13211 (CEN, 2001) is a European Standard Reference 

method for the measurement of mercury, Hg, in emissions and this method has been validated 

to measure total mercury levels from 0.001 mg/m3 to 0.5 mg/m3 (= 1 to 500 µg/m3). This 

standard is based on a wet-chemical method. The sample is extracted from the stack using a 

heated probe. Particulates are collected on a filter, whereafter the sample gas is passed 

through absorption bottles containing appropriate absorption solution to collect gaseous phase 

mercury. Two absorption solutions can be used, either 2% KMnO4/10% H2SO4 (absorption 

solution I) or 4% K2Cr2O7/20% HNO3 (absorption solution II). After the sampling, the filter 

and absorption solutions are taken to the analytical laboratory to be analyzed. The result is 

given as the sum of the gaseous and particulate phases, i.e. as total mercury. 

EN 14385 (CEN, 2004) is a European Standard Reference method for the measurement of 

As+Cr+Co+Cu+Mn+Ni+Pb+Sb+V. This method has been validated to each of the specific 

elements in the concentration range of 0.005 mg/m3 to 0.5 mg/m3 and it is based on a wet-

ACCEPTED M
ANUSCRIP

T



chemical method, meaning collection of particulate matter on a filter and collection of 

gaseous phase in an absorption solution. According to EN 14385, the absorption solution is 

4.65% HNO3/1.7% H2O2. The final result is expressed as the total mass concentration for 

each specific element and no distinction is made between gaseous and particulate phase. 

Both of the above-mentioned standards are written and validated during the 1990s, at a time 

when emission levels were higher. According to CEN rules, EN standards are revised at 

regular intervals and at this review the members can vote to either revise, reconfirm (no 

changes) or withdraw the standard. Both of these standards (EN 13211 and EN 14385) are 

currently revised. In the following chapter some topics that need guidance or clarification in 

these standards at the moment are described. 

2 Observations from EN 13211 and EN 14385 

In many CEN standards the maximum relative expanded uncertainty for the method is given. 

For example, for particulates it is stated in EN 13284-1 that the user of this SRM method 

must demonstrate that the expanded uncertainty does not exceed 20% of the emission limit 

value specified by the authorities. (SRM refers to Standard Reference Method and, according 

to EN 15259 (CEN, 2008), SRM is a "reference method prescribed by European or national 

legislation”). This expanded uncertainty is calculated on a dry basis and before correction to 

the O2 reference concentration, and it is calculated by establishing an uncertainty budget. 

However, in the existing EN standards for mercury (EN 13211) and for heavy metals (EN 

14385) this criterion for expanded measurement uncertainty does not exist. This means that 

there are several ways of calculating the measurement uncertainties and there can be large 

deviations between different stack testing teams and countries. In addition, there is no general 

rule concerning how to use measurement uncertainty; this is decided independently by each 

member state. When the result is used for compliance measurement, measurement 

uncertainty can be subtracted from the measured value, it can be neglected totally, or in some 

cases it is added to the measured value 

Furthermore, in the above-mentioned standards, no guidance is given about how the limit of 

detection (LOD) or limit of quantification (LOQ) should be determined. In the European 

standard EN 14793 (CEN, 2017), the following definitions for LOD and LOQ are given: 

- Limit of detection means the smallest measurand concentration which can be detected, 

but not quantified, in the experimental conditions described for the method; 
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- Limit of quantification means the smallest measurand concentration which can be 

quantified in the experimental conditions described for the method. 

However, in EN 13211 and EN 14385 no guidance is given about which term should be used, 

LOD or LOQ and there are no instructions for how to sum up the values which are below 

LOQ or LOD. This will significantly affect the results since it is very common that the 

concentrations for many components are nowadays below the analytical thresholds. 

Therefore many European countries have provided their own national guidance on how to 

perform these calculations. A few examples of different calculations are given in Table 2. 

Table 2. Examples of different rules for summation for the results which are below either LOD 
or LOQ. 

Country LOD or LOQ 
used? 

Rule for making summation 

Finland LOQ If some, but not all values are < LOQ, then the values 
which are < LOQ are set to zero in summation and the final 
result is presented without “<” sign. If all results are < 
LOQ, the highest of these values is reported with a “<”-
sign. 

UK (England) LOD Values below LOD are set to LOD (unless the standard 
method specifies another approach) 

France LOQ For results lower than LOQ/3: the compound will be 
considered as not detected; a zero value will be considered 
for the summation. 
For results between LOQ/3 and LOQ: the compound will 
be considered as detected; a value of LOQ/2 will be 
considered for the summation. 

Denmark LOD If some, but not all values are < LOD, then values below 
LOD are set to the LOD value. 
The result of the average is presented without a “<”-sign. 
If all results are < LOD, then values below LOD are set to 
the LOD value. The result of the average is presented with 
a “<”-sign. 

 

For example, in the PCDD/F standard EN 1948-3 (CEN, 2006), it is instructed to report two 

values, one in which all results below LOQ are taken into account as zero and one in which 

all values below LOQ are taken into account as full values. 

Some analytical procedures instruct taking LOQ value as half of its value. 

In Table 3, an example is given of the results which are achieved when using these different 

calculation methods: 
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- Method A: Values below LOQ are taken into account in the sum as their full value 

- Method B: Values below LOQ are taken into account in the sum as half their value (½ 

LOQ) 

- Method C: Values below LOQ are taken into account in the sum as zero. 

Note! “<” is not marked in the calculated sum result. 

Table 3. Examples of the summation of concentrations which are below LOQ (marked with 
“<”). 

 Concentration in the 
gaseous phase, µg/m3 

Concentration in the 
particulate phase, 

µg/m3 

Sum, 
method 

A, µg/m3 

Sum, 
method 

B, µg/m3 

Sum, 
method 

C, µg/m3 

Tl <0.20 <0.01 0.21 0.11 0 

Cd <0.10 0.51 0.61 0.56 0.51 

Cr <9 0.97 9.97 5.47 0.97 

Cu <2.2 5.0 7.2 6.10 5 

Ni <5.1 2.3 7.4 4.85 2.3 

Pb <2.1 4.4 6.5 5.45 4.4 

Co <0.14 0.08 0.22 0.15 0.08 

Mn <1.3 1.1 2.4 1.75 1.1 

Sb <0.51 <0.16 0.67 0.34 0 

As <0.9 0.06 0.96 0.51 0.06 

V <0.5 <0.04 0.54 0.27 0 

Hg <1.0 0.65 1.65 1.15 0.65 
Note! Sign ” <” means that this concentration was below LOQ 

When these concentrations calculated with methods A, B and C are used to calculate the sum 

of pollutants required by IED, the results are as shown in Table 4. 

Table 4. Final results calculated with different methods (A, B and C) based on the measured 
concentrations given in Table 3 and compared with BAT-AEL ranges. 

Pollutant Method A Method B Method C 

Hg, µg/m3 1.65 1.15 0.65 

BAT-AEL (WI BREF) for Hg, µg/m3 1–10 

sum of Cd + Tl, µg/m3 0.8 0.7 0.5 

BAT-AEL (WI BREF) for sum of Cd + Tl, µg/m3 5–20 

sum of As+Cr+Co+Cu+Mn+Ni+Pb+Sb+V, µg/m3 36 25 14 

BAT-AEL (WI BREF) for the sum of 
As+Cr+Co+Cu+Mn+Ni+Pb+Sb+V, µg/m3 

10–300 

 

As it can be seen from Table 4, for example the final results calculated for Hg with Methods 

A and B exceed the lowest BAT-AEL limit value set for mercury, 1 µg/m3 while the result 
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calculated using method C is below this limit value. Thus, the summation rules for LOQ 

values have a distinct effect on the final result. 

It is mentioned in the Reference Document on Monitoring, ROM, (EC 2018), that LOD and 

LOQ depend strongly on the performance of the laboratory and possible modifications or 

adaptations to specific circumstances. It is recommended in ROM that e.g. for periodic 

measurements, the sampling time can be adapted and/or the analytical method can be chosen 

to reach an acceptable LOQ. 

However, it must be noted that for practical reasons it is not always possible to extend the 

sampling time. In addition, if the measured flue gas contains lot of moisture, extending the 

sampling time does not help to obtain lower LOQ values, on the contrary. The volume of 

absorption solution in the first absorption bottle will be increased due to the condensed water, 

thus, increasing LOQ values. 

To conclude the existing situation: 

- the requirement for maximum expanded measurement uncertainty does not exist in SRM 

standards for heavy metals and mercury and there is no general rule concerning how this 

measurement uncertainty should be taken into account, this is decided individually by 

each member state 

- there are no harmonized rules about how to sum up results which are below LOD or LOQ 

or which definition should be applied, LOD or LOQ. 

As a consequence, due to this lack of guidance there can be remarkable variations in the 

emission results that European countries report into inventories, such as E-PRTR (European 

Pollutant and Transport Register). 

3 Finnish interlaboratory comparison measurement procedures 

In Finland, VTT Technical Research Centre (later referred to as VTT) has organized several 

interlaboratory comparison (ILC) measurement campaigns for Finnish stack testing teams. 

The first measurements were organized already in the 1970s and the frequency of these 

campaigns has typically been 4–5 years. The objective in these measurements has mainly 

been to verify the skills of Finnish stack testing teams but also to share information about 

new procedures and requirements, so these occasions have also acted as an important 

platform for the dissemination of knowledge and training. 
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Finnish ILCs have been organized in real stacks. There are currently different approaches 

available for ILCs in Europe. Some countries use synthetic gas mixtures which are made by 

spiking different gas compositions into the test bench facility (Coleman et al. 2015, 2019, 

Cordes et al.2015), whereas others use gas matrices which are produced for example with 

boilers (Ineris ILC Schemes). All these approaches have their pros and cons. For example, 

when the gas matrix is prepared with spiking, the metrological value with known uncertainty 

can be used as the assigned value. When the measurements are performed from real stack gas 

matrices, then the metrological value cannot usually be used; instead a consensus value 

between participants is used. However, when using real stacks, all possible interfering factors 

are included in the evaluation, meaning for example moisture of the flue gas, temperature, 

possible interfering components, difficult measurement circumstances (e.g hot/cold 

environmental conditions). Therefore, with real stacks, the “real world” challenges which 

stack testing teams face during their measurements will be realized. Therefore Finland has 

chosen to organize ILCs at real stacks. 

The first ILCs for heavy metals were organized in Finland in 2014. During these 

measurements all stack testing teams stated that they performed the measurements according 

to the instructions given in reference standards (EN 14385 and EN 13211). However, it was 

observed that the actual measurement practices of some teams differed considerably from the 

standard procedures. In addition, stack testing teams used different ways to sum up the results 

which were below the limit of quantification. Some teams took these values into account as 

full values, whereas others considered them as zero values. 

After the ILC organized in 2014, a national guidance concerning how to sum up heavy metal 

concentrations values which are below LOQ was produced in Finland (Pellikka, T., et al., 

2017). This guidance is shown in Table 2 in this article.  

This paper focuses on the heavy metal results of the measurement campaign from the year 

2019 and their observations, as well as on the comparison of chemical analysis of heavy 

metals. Based on the observations made from the results, challenges that stack testing teams 

face while measuring low concentrations were identified and recommendations for the 

development of measurement practices and standards were given, as well as for the quality 

assurance procedures that stack testing teams should pay more attention to. 
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4 Interlaboratory comparison measurements for heavy metals at a waste-to-energy 

plant in 2019 

4.1 Experimental 

In the spring of 2019, VTT organized interlaboratory comparison measurements for Finnish 

accredited stack testing teams. 

Measurements were carried out at a waste-to-energy plant located in southern Finland. This 

plant combusts municipal waste in a grid furnace, with a fuel capacity of 55 MW and it is 

equipped with the following abatement systems: 

- electrostatic precipitator and fabric filter 

- spray dryers 

- scrubbers for HCl and SO2. 

During this measurement campaign all the pollutants required to be measured from waste 

incineration plants according to IED were measured (CO, SO2, NOx, TVOC (total volatile 

organic carbon), HCl, HF, heavy metals, mercury and PCDD/F). 

The emission limit values (ELVs) for heavy metals and mercury of this waste-to-energy plant 

are presented in Table 5. 

Table 5. Average emission limit values for heavy metals at a waste-to-energy plant, values given 
at NTP (NTP specified in Europe as 273.15 K and 101.3 kPa). 

Pollutant Emission limit value, given at 11 % O2, 
mg/m3, NTP 

Hg 0.051) 

sum of Cd and Tl 0.051) 

sum of As, Cd, Cr, Co, Cu, Mn, Ni, 
Pb, Sb, TI and V 

0.51) 

1) given for a sampling period of a minimum of 30 minutes and a maximum of 8 hours 
 

Emission measurements were performed on a measurement platform located at a height of 20 

meters. Flue gas temperature was typically around 130 °C and the moisture content of the 

flue gas about 20 –22%. Flue gas composition was approximately 9% O2, 5 mg/m3 SO2 and 

200 mg/m3 NOx. The measurement place was located in a well-protected room where the 

environmental conditions were stable throughout the measurement campaign, with a 

temperature around + 20 °C. 
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Eight stack testing teams (presented here as laboratories A, B, C, D, E, F, G and H) took part 

in the heavy metal measurements and four of them had accreditation according to EN 

ISO/IEC 17025 for these measurements (laboratories A, C, E and F). 

Homogeneity of the flue gas was tested before the measurements according to the principles 

given in EN 15259 (CEN, 2008). Flue gas is assumed to be homogeneous for an individual 

measurand if the actual value varies only over time but not over the measurement plane. 

For the tests of homogeneity, two probes were installed in the flue channel, one for the 

reference measurement of O2 at a fixed point in the measurement section and the other for the 

grid measurement of O2. Grid measurement was performed and at the same time 

measurements at the fixed point and O2 results were recorded. Standard deviation of the grid 

measurements (sgrid) was 0.18 and standard deviation of the reference measurements (sref) was 

0.18. The calculation for homogeneity was performed with these values and it was 

ascertained that the flue gas was homogeneous at the measurement plane. According to the 

standard EN 15259 the criteria for homogeneity is sgrid ≤ sref and this criterion was fulfilled. 

According to the standards EN 13211 and EN 14385, heavy metal measurements shall be 

performed isokinetically with grid measurements throughout the stack. However, this is not 

possible when ILCs measurements are performed since it is not possible to move the probes 

at the same time in the stack. Therefore, for practical reasons, the measurements for heavy 

metals were performed using only one measurement point in the stack. All teams inserted 

their probes to the same depth into the stack. 

4.2 Results and discussion 

Due to the limited number of suitable measurement ports, only four teams were able to 

measure at the same time, and therefore measurements for heavy metals were carried out in 

two parts, on 8.5.2019 and on 15.5.2019. Sampling duration was 3 hours 4 minutes on 

8.5.2019 and 2 hours 5 minutes on 15.5.2019, thus fulfilling the criteria set for the sampling 

duration in IED. 

The criterion for the isokinetic ratio of sampling is 0.95–1.15. Isokinetic ratios given by the 

stack testing teams were: 

- team A 0.76* 

- team B 1.07 
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- team C 1.10 

- team D 1.08 

- team E 1.04 

- team F 1.01 

- team G 1.10 

- team H not given 

* team A stated that due to the high amount of moisture in the flue gas, they were not able to keep the sampling 
rate isokinetic 

According to the standard EN 13211, two absorption liquids can be used for the sampling of 

mercury: 

- 2% KMnO4/10% H2SO4 (absorption solution I): used by stack testing teams B and C in 

these measurements 

- 4% K2Cr2O7/20% HNO3 (absorption solution II): used by stack testing teams A, D, E, F 

and H in these measurements. 

Stack testing teams sent their samples to be analyzed to an external analytical laboratory. One 

emission measurement team (G) used their own internal analytical laboratory and their ICP-

OES instrument for the analysis of heavy metals, and since they do not offer commercial 

analytical services, their LOQ values are not given in this article. Team G is in-house 

laboratory of non-ferrous metal industrial plant and they perform heavy metal sampling only 

for their own processes which have typically higher concentrations than waste-to-energy 

plants.  

Chemical analysis was performed at three commercial analytical laboratories (named here as 

1, 2 and 3): 

- analytical laboratory 1: accreditation according to EN ISO/IEC 17025 for all components 

(As, Cd, Cr, Co, Cu, Mn, Ni, Pb, Sb, TI and V, as well as Hg) both for the analysis of 

absorption solution and filter. Heavy metals by ICP-MS and Hg by AFS 

- analytical laboratory 2: accreditation according to EN ISO/IEC 17025 for the analysis of 

absorption solution and filter for components: As, Cd, Cr, Co, Cu, Mn, Ni, Pb, Sb, TI and 

V.  Accreditation for the analysis of absorption solution for Hg, not for the analysis of Hg 

on the filter. Heavy metals by ICP-MS and Hg by AFS 

- analytical laboratory 3: accreditation according to EN ISO/IEC 17025 for the analysis of 

absorption solution and filter for components: As, Cd, Cr, Co, Cu, Mn, Ni, Pb, Sb, TI and 
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V.  Accreditation for the analysis of absorption solution for Hg, not for the analysis of Hg 

on the filter. Heavy metals by ICP-MS and Hg by AFS. 

Analytical laboratories reported their limits of quantifications (LOQ) for the analysis of 

absorption solution and they are shown in Table 6. Note! It was not possible to make similar 

comparison for LOQs for the analysis of filters since analytical laboratories reported them in 

different units.  

Table 6. Limits of quantification (LOQ) given by analytical laboratories (µg/l) for the 
absorption solution. 

Heavy 
metal 

Unit Analytical 
laboratory 1 

Analytical 
laboratory 2 

Analytical 
laboratory 3,
LOR value 

Analytical 
laboratory 3, 

LOQ1) 

Hg µg/l 1 1 0.001 0.02 

As µg/l 1 0.02 0.05 1 

Cd µg/l 0.1 0.02 0.025 0.5 

Co µg/l 0.5 0.01 0.025 0.5 

Cr µg/l 1 0.1 0.15 3 

Cu µg/l 1 0.5 0.05 1 

Mn µg/l 2 0.05 0.025 0.5 

Ni µg/l 1 0.5 0.25 5 

Pb µg/l 0.5 0.1 0.025 0.5 

Sb µg/l 0.5 2 0.025 0.5 

Tl µg/l 1 0.02 0.025 0.5 

V µg/l 1 0.02 0.05 1 
1) value calculated from the LOR (limit of reporting) value given by this analytical laboratory (LOR is given as 

µg/sample. In the analysis certificate it is stated that typical sample amount is 50 ml and LOQ, as µg/l, is thus 
calculated based on this information). 

Stack testing teams used the following analytical laboratories in their analyses: 

- stack testing team A: analytical laboratory no.2 

- stack testing team B: analytical laboratory no.1 

- stack testing team C: analytical laboratory no.1, Hg analysis at analytical laboratory no.2 

- stack testing team D: analytical laboratory no.2 

- stack testing team E: analytical laboratory no.1 

- stack testing team F: analytical laboratory no.1 

- stack testing team H: analytical laboratory no. 3. 

Measured results are shown in Figures 1–6 (Hg, sum of Cd and Tl, sum of As, Cr, Co, Cu, 

Mn, Ni, Pb, Sb and V). NTP refers to Normal Temperature and Pressure which is in Europe 
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specified as 273.15 K and 101.3 kPa. The bars shown in the figures represent the 

measurement uncertainties which the stack testing teams gave in their reports. If measured 

values were below the limit of quantification (LOQ), then the stack testing teams did not 

determine measurement uncertainties for these values. 

All stack testing teams used the guidance that was given in Finland in 2017 for summation of 

values which were below LOQ, shown in Table 2 (Pellikka, T., et al., 2017). 

 Figure 1 here 

Figure 1. Hg-concentration results measured by stack testing teams A, B, C and D, 8.5.2019, 
waste-to-energy plant, Finland. 

 Figure 2 here 

Figure 2. Hg-concentration results measured by stack testing teams E (result below LOQ), F 
and H (* team H only had results from gaseous phase), 15.5.2019, waste-to-energy plant, 
Finland. 

The analytical laboratory which analyzed the samples of stack testing team H made an error 

in their analysis procedure and therefore, the results of stack testing team H contain 

information only about the gaseous phase. 

Hg results of laboratories A, B and D were below their limit of quantification, LOQ. 

 Figure 3 here 

Figure 3. Sum of Cd and Tl concentrations measured by stack testing teams A, B, C and D, 
8.5.2019, waste-to-energy plant, Finland. 

 Figure 4 here 

Figure 4. Sum of Cd and Tl concentrations measured by stack testing team E (below LOQ), F, 
G (below LOQ) and H (* stack testing team H only had results from gaseous phase), 15.5.2019, 
waste-to-energy plant, Finland. 

The sum results for Cd and Tl from stack testing teams B, E, G and H were below their limit 

of quantification, LOQ. 

 Figure 5 here 

Figure 5. Sum of heavy metal concentrations (As, Cr, Co, Cu, Mn, Ni, Pb, Sb and V) measured 
by stack testing teams A, B, C and D, 8.5.2019, waste-to-energy plant, Finland. 

 Figure 6 here 
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Figure 6. Sum of heavy metal concentrations (As, Cr, Co, Cu, Mn, Ni, Pb, Sb and V) measured 
by stack testing teams E, F, G (below LOQ) and H (* stack testing team H had only results from 
gaseous phase, result below LOQ), 15.5.2019, waste-to-energy plant, Finland. 

The results for sum of heavy metals (Fig. 6) of stack testing teams G and H were below their 

limit of quantification, LOQ. 

Relative measurement uncertainties that stack testing teams reported are shown in Table 7. 

Table 7. Measurement uncertainties reported by stack testing teams (A-H) for heavy metals, Cd 
+ Tl and Hg, ILC, 2019, Finland. 

 A B C D E F G H 
 ±% ±% ±% ±% ±% ±% ±% ±% 

Sum of heavy metals 40 201) 40 70 60 19 2) 30 

Sum of Cd and Tl 31 201) 35 50 2) 38 2) 30 

Hg 26 2) 42 2) 2) 311 - 30 
1) measurement uncertainty does not include the measurement uncertainty of the analysis 
2) measurement uncertainty was not reported since the result was < LOQ 
- stack testing team did not measure this component 

As can be seen from Table 7, there were significant deviations in the reported measurement 

uncertainties. The procedures with which stack testing teams calculated and reported their 

measurement uncertainties varied considerably, a few examples are given below: 

- some teams reported them separately for each component and for the sum of the 

components 

- some reported them only for the sum of the components 

- some teams reported them both for gaseous and particulate phase concentrations, as well 

as the sum of the components 

- some teams did not report the confidence level that they had used (measurement 

uncertainties are typically reported as 95 % confidence level, and this should be specified 

in the report). 

Based on these observations, it can be stated that there is a clear need to write instructions in 

the relevant standards (EN 13211 and EN 14385) about how measurement uncertainties 

should be calculated. 

There were variations in the measured concentrations, however, all measured results were 

well below the ELVs set for this waste-to-energy plant. It should be mentioned that during 

the validation process for EN 14385 it has been also noticed that “in the gaseous phase most 

of the elements cannot be determined quantitatively in the absorption solutions”.  
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Stack testing teams A, B, C, D, E and H used borosilicate probes while team F used probe 

made from titanium and team G probe made from PTFE. All these materials are allowed to 

be used by EN 13211 and EN 14385. 

All stack testing teams performed field blanks according to the instructions given in EN 

13211 and EN 14385.  The criterion set for field blanks in EN 13211 and EN 14385 is that 

field blank must be < 10% of ELV and all field blanks fulfilled this criterion.  

However, some stack testing teams reported elevated concentrations for some components in 

their field blank samples. For example, stack testing team C had higher levels for some 

components (eg. for Cu and Pb).  They have studied the quality of the ion-exchanged water 

that they used to dilute the absorption liquids but this was not the reason for these elevated 

levels, and the reasons were not ascertained.  Also, stack testing team B reported higher 

levels in their field blank for Cr, Cd, Cu, Pb and Ni and this team has evaluated that the 

reason for this is possible contamination during sampling or during the cleaning of the 

glassware before the measurement campaign.   

It must be emphasized that despite these teams had elevated levels for some heavy metals in 

their field blanks, their field blanks fulfilled the criterion set for it. When the ELVs get lower, 

it might be that this criterion is no longer fulfilled. So, stack testing teams shall pay more 

attention for example to the cleaning procedures of their glassware and to their sampling 

procedures in order to avoid any contamination. And in addition, also plants must keep the 

measurement places clean enough, so that there is minimal risk for contamination while 

handling the measurement equipment at the site. 

In the future stack testing teams must also pay more attention to the method blank which 

consists of chemical and filter blanks. According to the definition given in EN 14385, 

“chemical blank is a solution used to check the purity of the chemicals employed by the 

laboratory”. Filter blank is a blank from the filter which has been taken from the same batch 

as the sample filters. The filter blank gives the blank values for the filter and treatment only. 

The method blank can be subtracted from the measured values if considered necessary. It 

should also be noted that a field blank is not the same than as a method blank. 

During this measurement campaign some stack testing teams did not analyze above 

mentioned method blanks at all. However, when emission limit values become even more 

stringent, the reagent purity and the background concentration at the filter material will play 
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an increasingly significant role. Therefore, the measurer should choose such reagents and 

filters that have background concentrations which are low enough, and if required these 

background values should be subtracted from the measured concentrations. 

All teams performed leak tests for their sampling lines before the measurements. It is 

recommended that leaks are checked also during actual measurement with the measurement 

of O2 at the end of the sampling line and comparing this value with the oxygen level found in 

the stack. Teams B, C, D and E measured O2 at the end of line, thus ensuring that there were 

no leaks in their sampling lines during sampling. 

According to EN 13211 and EN 14385, the absorption efficiency shall be determined during 

the measurement campaign. In EN 14385, it is mentioned that “If the element mass 

concentration of the third absorber is more than 10 % of the total concentration in the 

sampled gas for one or more elements then the overall result shall be rejected”. Stack testing 

teams (not all) reported their absorption efficiencies during this ILC and in many cases the 

absorption efficiencies did not fulfill this criterion. One possible reason was the high moisture 

content in the flue gas (about 20- 22 %) which diluted the content of the first absorption 

bottle so that the concentrations were often below limit of quantification. As a consequence, 

the calculations for absorption efficiency were not anymore reasonable. 

In the United Kingdom, Environment Agency (EA) has published Method Implementation 

Document for BS EN 14385 (EA 2018). In this document it is mentioned: “However, for 

each group the requirement to pass the absorber efficiency check shall not apply: 

-  to individual metal element(s), where the individual mass of the element in the final result 

is less than 1% of the result for the total mass of metals in the group; or 

-  if the total combined result for the metals in the group is less than 30% of the ELV”. 

During this Finnish ILC all measured concentrations were less than 30 % of the ELV. So, if  

this rule would be applied in Finland, the requirements to pass this check would not be 

applied in this case. 

In  EN 14385 it is also mentioned that “”For the main stream arrangement cooling of the 

absorbers to a temperature below 30 °C can be useful to avoid excessive evaporation from the 

first absorption bottle”. This is not a mandatory requirement from the standard, however, it is 

strongly recommended to have absorption bottles and silicagel bottle in ice-bath in order to 

have better absorption efficiency and also in order to have efficient drying of the gas, 
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especially when using dry gas meters. All Finnish stack testing teams used dry gas meters and 

most of the stack testing teams had ice-baths for their absorption bottles but not all teams. 

Stack testing teams must pay attention to this procedure in the future. 

4.3 Heavy metal distribution to the gaseous and particulate phase 

In this section heavy metal distributions to the gaseous and particulate phases are presented. 

Most of the heavy metal results were below the limit of quantification, as was described in 

the previous section. Due to the summation guidance which the stack testing teams used, the 

concentrations shown in this section may differ from those in the previous section. Stack 

testing teams G and H are not included in this section for the reasons mentioned in section 

4.2. 

In Figures 7 to 18 the results below LOQ are plotted as pattern fill and the results which are 

above LOQ are shown as solid fill. 

Figures 7 and 8 present the particulate and gaseous distribution of mercury (Hg) (Fig.7) and 

antimony (Sb) (Fig. 8) measurements. In the case of mercury, the gaseous part of stack 

testing team C and the particulate results of stack testing team F were above the LOQ. In the 

case of antimony, the gaseous result of stack testing team F and particulate results of stack 

testing teams D, E and F were above LOQ. 

Figure 7 here   Figure 8 here  

Figure 7. Hg distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figure 8. Sb distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figures 9 and 10 present the particulate and gaseous distribution of cadmium (Cd) (Fig.9) and 

thallium (Tl) (Fig.10) measurements. In case of cadmium, the particulate results of stack 

testing teams A and B and the gaseous results of stack testing teams B and E were below 

LOQ. For thallium, the particulate result of stack testing team C and the gaseous result of 

stack testing team D were above the LOQ. 

 Figure 9 here   Figure 10 here  

Figure 9. Cd distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 
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Figure 10. Tl distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figures 11 and 12 present the particulate and gaseous distribution of arsenic (As) (Fig. 11) 

and cobalt (Co) (Fig. 12) measurements. For arsenic, the gaseous result of stack testing team 

C and the particulate results of stack testing teams C, D and F were above LOQ. For cobalt, 

the gaseous result of stack testing teams A, C and D, as well as particulate results of stack 

testing teams C and D were above LOQ. 

 Figure 11 here  Figure 12 here 

Figure 11. As distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figure 12. Co distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figures 13 and 14 present the particulate and gaseous distribution of chrome (Cr) (Fig. 13) 

and nickel (Ni) (Fig.14) measurements. For chrome, the gaseous results of stack testing teams 

E and F were below LOQ. For nickel, the gaseous result of stack testing teams E and F, as 

well as the particulate result of stack testing team B were below LOQ. 

 Figure 13 here  Figure 14 here 

Figure 13. Cr distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figure 14.  Ni distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figure 15 presents the particulate and gaseous distribution of copper (Cu) measurements. The 

particulate result of stack testing team A was below LOQ as well as gaseous result of stack 

testing team E.  

 Figure 15 here 

Figure 15. Cu distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figures 16 and 17 present the particulate and gaseous distribution of lead (Pb) (Fig. 16) and 

manganese (Mn) (Fig. 17) measurements. For lead, only the particulate result of stack testing 

team A was below the LOQ. For manganese, the particulate results of stack testing teams B 

and F were below the LOQ, as well as the gaseous results of stack testing teams B, E and F. 

After the ILC, stack testing team C has studied the quality of the ion-exchanged water that 
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they used to dilute the absorption liquids but this was not the reason for higher levels (such as 

Pb and Cu), and the reasons for these elevated levels were not ascertained.   

 Figure 16 here  Figure 17 here 

Figure 16. Pb distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figure 17. Mn distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figure 18 presents the particulate and gaseous distribution of vanadium (V) measurements. 

The particulate and gaseous results of stack testing teams C and D were above the LOQ. 

 Figure 18 here 

Figure 18. V distributions (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

The distributions to particulate and gaseous phase are given for each stack testing team also 

in Tables 8a and 8b below. 

Table 8a. Particulate phase (heavy metals) reported by stack testing teams A, B, C, D, E and F, 
ILC, May 2019, Finland 

Particulate phase, µg/m
3
, NTP, dry 

Laboratory A, 8.5. B, 8.5. C, 8.5. D, 8.5. E, 15.5. F, 15.5. 

Hg < 0.08 < 0.02 < 0.01 < 0.108 < 0.2 0.0418 

Cd < 0.1 < 0.039 0.003 0.004 0.05 0.0199 

Tl < 0.09 < 0.19 0.04 < 0.162 < 0.3 < 0.0358 

Sb < 0.1 < 0.19 < 0.03 0.189 0.04 0.0844 

As < 0.1 < 0.19 0.13 0.009 < 0.3 0.0248 

Co < 0.1 < 0.19 0.01 0.013 < 0.3 < 0.0303 

Cr 0.2 1 1.2 0.617 0.5 0.145 

Cu < 0.2 0.52 31 2.338 0.3 1.14 

Pb < 0.1 0.15 8.4 3.143 0.6 0.36 

Mn 0.05 < 3.9 0.2 0.256 0.5 < 0.767 

Ni 0.1 < 0.97 1.2 1.369 0.6 0.251 

V < 0.1 < 0.19 0.01 4.302 < 0.3 < 0.0358 
 

Table 8b. Gaseous phase (heavy metals) reported by stack testing teams A, B, C, D, E and F, 
ILC, May 2019, Finland 

Gaseous phase, µg/m
3
, NTP, dry 

Laboratory A, 8.5. B, 8.5. C, 8.5. D, 8.5. E, 15.5. F, 15.5. 

Hg < 0.5 < 0.44 0.87 < 0.327 < 0.7 < 0.413 
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Gaseous phase, µg/m
3
, NTP, dry 

Laboratory A, 8.5. B, 8.5. C, 8.5. D, 8.5. E, 15.5. F, 15.5. 

Cd 0.02 < 0.06 0.07 0.088 < 0.06 0.811 

Tl < 0.009 < 0.8 < 0.02 0.033 < 0.5 < 0.647 

Sb < 0.9 < 0.4 < 0.28 < 2.421 < 0.5 0.325 

As < 0.01 < 0.8 0.11 < 0.024 < 0.5 < 0.647 

Co 0.6 < 0.4 0.09 0.387 < 0.5 < 0.325 

Cr 1.3 1.1 3.4 0.638 < 0.5 < 0.647 

Cu 5 1.5 31 3.314 < 0.5 1.37 

Pb 0.9 0.5 11 4.429 0.3 3.05 

Mn 0.2 < 1.6 6.2 1.067 < 1 < 1.29 

Ni 1 1.5 0.41 1.611 < 0.5 < 0.647 

V < 0.01 < 0.8 0.12 0.227 < 0.5 < 0.647 
 

As can be seen from this study of particulate and gaseous phase distribution, many results 

were below LOQ. 

Stack testing teams A and D used the same analytical laboratory for their chemical analysis 

of heavy metals and stack testing teams B, C, E and F used another analytical laboratory. 

Stack testing team C used same analytical laboratory for the analysis of mercury like teams A 

and D. As it can be seen from Figures from 8 to 19 and from Tables 8a and 8b, there are 

deviations between the distributions to particulate and gaseous phases, as well as on the final 

concentrations and on the reported values for LOQ. With this limited data we cannot, 

however, draw unambiguous conclusions of the reasons.  The reasons for these deviations 

could originate for example from differences in the volume of the sampled gas, amount of 

absorption solution in impinger bottles, method blanks or contamination during sampling or 

during chemical analysis.  

5 Comparison of chemical analyses for heavy metals 

As is often the case, sampling of emissions plays an important role. However, the quality and 

accuracy of chemical analysis should not be ignored, since it will be even more important in 

the future in order to obtain reliable results from these measurements. Therefore, it was 

decided to carry out a blind comparison between analytical laboratories during the ILC 

organized in year 2019 in order to verify the quality of their results. 

Two heavy metal and mercury samples were taken by VTT during the measurement 

campaign at waste-to-energy plant, the first one on 8.5.2019 and the second on 9.5.2019. 
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These samples were split and sent to different analytical laboratories to be analyzed. The 

results are shown in Tables 9 and 10. 

Analytical laboratory A is the laboratory no. 2 shown in Table 6 and analytical laboratory E 

is the laboratory no. 1 shown in Table 6.  As it can be seen from chapter 4.2, analytical 

laboratory A was used by stack testing teams A, C (Hg) and D to analyze their samples and 

analytical laboratory E was used by stack testing teams B, C (heavy metals), E and F to 

analyze their samples. Other analytical laboratories shown in Tables 9 and 10 (B, C, D and F) 

were not used by stack testing teams to analyze their samples during ILC.  

Table 9. Comparison of chemical analysis, sample taken on 8.5.2019, waste-to-energy plant. 

 Hg As Cd Co Cr Cu Mn Ni Pb Sb Tl V 

Labora
tory 

µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l 

A <1 <0.02 0.08 0.37 0.59 2.03 0.99 1.49 4.29 <2 0.03 0.21 

B - 0.1 0.1 0.5 0.6 1.9 0.8 0.9 4.4 0.1  - 0.2 

C - <0.05 0.03 0.4 0.62 1.5 0.72 0.89 3.7 <0.05 <0.1 <0.5 

D 0.38 <0.5 0.048 0.37 0.46 1.6 0.6 0.79 4 0.45 <0.05 0.074 

 

Table 10. Comparison of chemical analysis, sample taken on 9.5.2019, waste-to-energy plant. 

 Hg As Cd Co Cr Cu Mn Ni Pb Sb Tl V 

Labora
tory 

µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l 

A <1 <0.02 0.16 0.48 1.38 2.49 0.98 1.86 6.41 <2 0.34 0.14 

E - <1 <0.1 0.58 1.5 2.7 <2 <1 6 <0.5 <1 <1 

F <0.1 <0.1 0.099 0.56 1.5 2.7 0.59 0.81 6.4 <0.4 <0.02 <0.1 

 

All the other analytical laboratories except laboratory B have accreditation for their analyses 

according to EN ISO/IEC 17025. Laboratories B and C did not analyze mercury. 

As can be seen from Tables 9–10, the measured concentrations did not have significant 

deviations from each other. What should be noted, however, is that there were significant 

deviations in the LOQ values. For example, LOQ for laboratory A for arsenic is < 0.02 µg/l, 

whereas for laboratory E is < 1 µg/l. When emissions become lower in the future, these 

values will have increasing significance. 
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6 Conclusions 

VTT has organized ILCs in Finland since the 1970s. ILCs provide an important platform for 

stack testing teams so that they can verify their measurement skills and also for the 

dissemination of knowledge. 

Latest ILC for heavy metals was organized in Finland during 2019.  There were variations in 

the measured concentrations between stack testing teams, however, all measured results were 

well below the ELVs set for this waste-to-energy plant. As emission levels get lower, there is 

still need for further improvement of some internal quality assurance procedures of stack 

testing teams, such as for example method and field blanks. In order to be able to define 

unambiguous reasons of the variations, more research is needed on this topic. 

On the other hand, when we evaluate the actual measurement practices during field 

measurements, it can be said that that the knowledge about the measurement standards among 

stack testing teams has improved during past years in Finland. During the previous ILC 

organized in 2014, the measurement practices of some teams deviated considerably from the 

principles given in the relevant standards, EN 14385 and EN 13211 and in 2019 these 

procedures were improved. This clearly demonstrates the importance of organizing ILCs on a 

regular basis. ILCs provide an excellent platform for the exchange of knowledge on new 

standards and measurement practices. 

However, what still can be noted from these heavy metal results from 2019 is that the 

measurement uncertainties calculated by stack testing teams vary considerably, as do the 

LOQ values which the stack testing teams report.  

During this ILC, two heavy metal and mercury samples were taken by VTT during the 

measurement campaign at waste-to-energy plant and these samples were sent to different 

analytical laboratories as “blind samples”. Blind comparisons between analytical laboratories 

showed that there were no significant deviations between the reported results. What should be 

noted, however, is that there are significant deviations in the LOQ values which the analytical 

laboratories reported. When emissions become lower in the future, these values will play an 

important role since they are part of the limit of quantification that stack testing teams report 

for their emissions. 
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EN 13211 and EN 14385 are currently under revision and one of the topics that is missing in 

the existing standards is the criteria for the maximum permissible measurement uncertainty, 

with examples on how to formulate uncertainty budgets accordingly. At the moment in other 

SRM standards which are similarly based on wet-chemical methods, such as for example EN 

1911 for HCl (CEN 2010) it is required that the analytical laboratory must demonstrate that 

their standard deviation for the analytical repeatability is less than 2.5%. However, this 

requirement is insufficient and it should not be replicated for EN 13211 and EN 14385. 

Instead, a defined requirement for the analytical laboratory should be identified in the 

revision process for EN 13211 and EN 14385. In addition, when setting up the criteria for the 

maximum permissible uncertainties, the increasingly stringent emission levels should be 

taken into account so that the requirements for measurement uncertainties will be realistic.  

There is a clear need for harmonized approaches in Europe for consistent implementation of 

standards and regulations.  Key issues for which guidance should be written include realistic 

measurement uncertainties at low concentration levels, reporting low concentrations and 

guidance on how measurement uncertainties should be taken into account when the results 

are used for compliance assessment.  The overall aim is to ensure that even with low 

emission levels, the emission measurement results would be transparent and robust 

throughout the EU. 
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Implications 

Interlaboratory comparison measurements between stack testing teams are the most important 

tool to verify the quality of the measurements. Participation in an appropriate ILC is often 

mandatory to successfully achieve accreditation under ISO 17025. Such campaigns also 

provide an efficient platform for dissemination of knowledge. In addition, ILCs can be used 

to clarify the challenges that teams nowadays face when measuring low emission levels, thus 

creating important information for the revision work of standards. 
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Figure 1. Hg-concentration results measured by stack testing teams A, B, C and D, 
8.5.2019, waste-to-energy plant, Finland. 

Figure 2. Hg-concentration results measured by stack testing teams E (result below 
LOQ), F and H (* team H only had results from gaseous phase), 15.5.2019, waste-to-
energy plant, Finland. 

Figure 3. Sum of Cd and Tl concentrations measured by stack testing teams A, B, C and D, 
8.5.2019, waste-to-energy plant, Finland. 

Figure 4. Sum of Cd and Tl concentrations measured by stack testing team E (below LOQ), F, 
G (below LOQ) and H (* stack testing team H only had results from gaseous phase), 15.5.2019, 
waste-to-energy plant, Finland. 

Figure 5. Sum of heavy metal concentrations (As, Cr, Co, Cu, Mn, Ni, Pb, Sb and V) measured 
by stack testing teams A, B, C and D, 8.5.2019, waste-to-energy plant, Finland. 

Figure 6. Sum of heavy metal concentrations (As, Cr, Co, Cu, Mn, Ni, Pb, Sb and V) measured 
by stack testing teams E, F, G (below LOQ) and H (* stack testing team H had only results from 
gaseous phase, result below LOQ), 15.5.2019, waste-to-energy plant, Finland. 

Figure 7. Hg distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figure 8. Sb distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 
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Figure 9. Cd distribution (stack testing teams A, B, C, D, E and F) to particulate and 
gaseous phases at ILC in 2019. 

Figure 10. Tl distribution (stack testing teams A, B, C, D, E and F) to particulate and 
gaseous phases at ILC in 2019. 

Figure 11. As distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figure 12. Co distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figure 13. Cr distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figure 14.  Ni distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figure 15. Cu distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figure 16. Pb distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figure 17. Mn distribution (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 

Figure 18. V distributions (stack testing teams A, B, C, D, E and F) to particulate and gaseous 
phases at ILC in 2019. 
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