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Summary 

In January 2018 a proficiency test for dioxins, dioxin-like and non-dioxin-like PCBs in oils and fatty 
acids used as feed materials was organized by RIKILT Wageningen University & Research. This PT-test 
enabled laboratories to evaluate their competence for the analysis of dioxins, dioxin-like and non-
dioxin-like PCBs in feed oil and was carried under accreditation according to ISO/IEC 17043 (R013 at 
www.rva.nl).  
 
For this proficiency test, three test materials were prepared: 
• Material A: sunflower oil containing dioxins/PCBs aimed at (relative to a feed with a moisture 

content of 12%): 
 1.46 ng/kg WHO-PCDD/F and dl-PCB-TEQ (ub) 
 0.34 ng/kg WHO-DL-PCB-TEQ (ub) 
 1.1 ng/kg WHO-PCDD/F-TEQ (ub) 
 8.4 µg/kg total NDL-PCB (ub) 

• Material B: sunflower oil mixed with fish oil containing dioxins/PCBs aimed at (relative to a feed with 
a moisture content of 12%): 
 1.17 ng/kg WHO-PCDD/F and dl-PCB-TEQ (ub) 
 0.76 ng/kg WHO-DL-PCB-TEQ (ub) 
 0.41 ng/kg WHO-PCDD/F-TEQ (ub) 
 24 µg/kg total NDL-PCB (ub) 

• Material C: rapeseed free fatty acids containing dioxins/PCBs aimed at (relative to a feed with a 
moisture content of 12%): 
 1.41 ng/kg WHO-PCDD/F and dl-PCB-TEQ (ub) 
 0.59 ng/kg WHO-DL-PCB-TEQ (ub) 
 0.82 ng/kg WHO-PCDD/F-TEQ (ub) 
 9.8 µg/kg total NDL-PCB (ub) 

 
During homogeneity testing, all materials proved to be sufficiently homogenous for proficiency testing.  
 
Twenty laboratories subscribed for participation in this test. One participant was unable to report 
results.  
A total of 2091 z-scores were calculated to assess the performance of the participating laboratories. 
With regard to the accuracy 9% of the z-scores were outside the range -2 to 2. 
 
Of the 19 reporting participants, 11% of the participants reported satisfactory results for all values 
(sum-values and individual compounds). Another 53% of the participants reported satisfactory results 
for the sum-values.  
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1 Introduction 

Proficiency testing is conducted to provide laboratories with a powerful tool to evaluate and demon-
strate the reliability of the data that is produced. Next to validation and accreditation, proficiency 
testing is an important requirement of the EU Additional Measures Directive 93/99/EEC [1] and is 
required by ISO 17025:2005 [2]. 
 
The aim of this proficiency test was to give laboratories the possibility to evaluate or demonstrate their 
competence for the analysis of dioxins, dioxin-like and non-dioxin-like PCBs according to Commission 
Regulation 152/2009 [13]. The preparation of the materials, including the suitability testing of the 
materials and the evaluation of the quantitative results were carried out under accreditation (R013 at 
www.rva.nl) according to ISO 17043 [3].  
 
 

http://www.rva.nl/
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2 Material en methods 

This proficiency test focused on dioxins and (non)dioxin-like PCBs which are regulated in feed in the 
EU [4]. The maximum levels and action thresholds for oils originating from plants are presented in 
Table 1.  
 
 

Table 1 Maximum levels and action thresholds in feed oil of the compounds included in the 
proficiency test [4] related to a feed with a moisture content of 12%. 

Compound Maximum level Action threshold 

Dioxins in pg TEQ/g 0.75 0.5 

Dioxin-like PCBs in pg TEQ/g - 0.5 

Dioxins and dioxin-like PCBs in pg TEQ/g 1.5 - 

Non-dioxin-like PCBs in ng/g 10 - 

 

2.1 Material preparation 

Material A was prepared by mixing contaminated sunflower oil with standard solutions of several PCBs 
and blank sunflower oil. 
Material B was prepared by mixing contaminated fish oil with blank sunflower oil and with PCB153.  
Material C was prepared by mixing an extract of a contaminated soil sample with rape seed oil. 
Target contamination levels are presented in Table 2. Each of the materials was homogenized 
according to in-house standard operating procedures [5].  
 
 

Table 2 Target contamination levels of dioxins and (non)dioxin-like PCBs in the proficiency test 
materials. 

Material 
code 

Target amount  

PCDD/F-TEQ ub dl-PCB-TEQ ub PCDD/F-PCB-TEQ ub Total NDL-PCBs ub 

A 1.1 ng/kg 0.34 ng/kg 1.46 ng/kg 8.4 µg/kg 

B 0.76 ng/kg 0.76 ng/kg 1.17 ng/kg 24 µg/kg 

C 0.59 ng/kg 0.59 ng/kg 1.41 ng/kg 9.8 µg/kg 

 

2.2 Sample identification 

After homogenization, the sample materials were divided into sub-portions of approximately 15 gram 
for material A and 10 gram for materials B and C and stored in brown glass containers. The samples 
for the participants were randomly selected and coded through a website application. For each 
laboratory one sample set was prepared consisting of one at random selected sample of each material. 
The codes of the samples belonging to each sample set are presented in Annex 1.  

2.3 Participants 

Twenty European laboratories subscribed for participation in the proficiency test. Each participant was 
asked to report the results through a web application designed for proficiency tests. 
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2.4 Homogeneity and stability study 

The homogeneity of the materials was tested according to The International Harmonized Protocol for 
Proficiency Testing of Analytical Laboratories [7] and ISO 13528 [8], taking into account the insights 
discussed by Thompson [9] regarding the Horwitz equation. With this procedure the between-sample 
standard deviation (ss) and the within-sample standard deviation (sw) are compared with the standard 
deviation for proficiency assessment derived from the Horwitz equation (σP, §4.3). The method applied 
for homogeneity testing is considered suitable if sw < 0.5*σP and a material is considered adequately 
homogeneous if ss < 0.3* σP.  
 
Ten containers of each materials A, B and C were analysed in duplicate for PCB 153 to determine the 
homogeneity of the materials. The homogeneity of other compounds in the materials was not tested, 
because the homogeneity test of PCB 153 was considered adequate to prove the sufficient 
homogeneity of the material. The results of the homogeneity study and their statistical evaluation are 
presented in Annex 2. All three materials demonstrated to be sufficiently homogeneous for use in the 
proficiency test. 
 
No stability tests were performed since dioxins, dioxin-like PCBs and non-dioxin-like PCBs are 
persistent and very stable compounds. 

2.5 Sample distribution and instructions 

Each of the participating laboratories received a randomly assigned laboratory code, generated by the 
website application. The sample sets with the corresponding number, consisting of three coded 
samples (Annex 1) were sent to the participating laboratories on January 29, 2018. The sample sets 
were packed in a carton box and were dispatched to the participants immediately by courier. The 
samples were accompanied by a letter (Annex 3) describing the requested analyses and an 
acknowledgement of receipt form. By e-mail the laboratories received instructions on how to use the 
web application to report results.  
 
The laboratories were asked to store the samples until analysis according to their own laboratory 
procedure. A single analysis of each sample was requested. In addition, each participant was asked to 
report whether the sample exceeded the maximum levels and or thresholds. 
 
The deadline for submitting the quantitative results was March 5, 2018, allowing five weeks for the 
analysis. 
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3 Statistical evaluation 

The statistical evaluation of the quantitative part of the study was carried out according to the 
International Harmonized Protocol for the Proficiency Testing of Analytical Laboratories [7], elaborated 
by ISO, IUPAC and AOAC and ISO 13528 [8] in combination with the insights published by the 
Analytical Methods Committee [11,12] regarding robust statistics. 
 
For the evaluation of the quantitative results the consensus value, the uncertainty of the consensus 
value, a standard deviation for proficiency assessment and z-scores were calculated.  

3.1 Calculation of the consensus value (X) 

The consensus value (X) was determined using robust statistics [8,11,12]. The advantage of robust 
statistics is that all values are taken into account: outlying observations are retained, but given less 
weight. Furthermore, it is not expected to receive normally distributed data in a proficiency test. When 
using robust statistics, the data does not have to be normally distributed in contrast to conventional 
outlier elimination methods. 
 
The robust mean of the reported results of all participants, calculated from an iterative process that 
starts at the median of the reported results using a cut-off value depending on the number of results, 
was used as the consensus value [8,11]. Results which were reported with smaller than values (‘<‘) 
were changed to the corresponding detection limits. 

3.2 Calculation of the uncertainty of the assigned  
value (u) 

The uncertainty of the consensus value is calculated to determine the influence of this uncertainty on 
the evaluation of the laboratories. A high uncertainty of the consensus value will lead to a high 
uncertainty of the calculated participants za-scores. If the uncertainty of the consensus value and thus 
the uncertainty of the za-score is high, the evaluation could indicate unsatisfactory method perfor-
mance without any cause within the laboratory. In other words, illegitimate conclusions could be 
drawn regarding the performance of the participating laboratories from the calculated za-scores if the 
uncertainty of the consensus value is not taken into account. 
 
The uncertainty of the consensus value (the robust mean) is calculated from the estimation of the 
standard deviation of the consensus value and the number of values used for the calculation of the 
consensus value [8]: 
 

n
u σ̂*25.1=

 
 
where: 
u  =  uncertainty of the consensus value;  
n  =  number of values used to calculate the consensus value;  
σ̂  =  the estimate of the standard deviation of the consensus value resulting from robust statistics. 
 
According to ISO 13528 [8] the uncertainty of the consensus value (u) is negligible and therefore does 
not have to be included in the statistical evaluation if: 
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u ≤ 0.3σP 

 
where: 
u  =  The uncertainty of the consensus value; 
σP =  Standard deviation for proficiency assessment(§3.3). 
 
In case the uncertainty of the consensus value does not comply with this criterion, the uncertainty of 
the consensus value should be taken into account when evaluating the performance of the participants 
regarding the accuracy (§3.4). In case the uncertainty is > 0.7σP the calculated z-scores should not be 
used for evaluation of laboratories’ performance and are presented for information only. 

3.3 Calculation of the standard deviation for proficiency 
assessment (σP) 

According to Commission Decision 2002/657/EC [6], the coefficient of variation for the repeated 
analysis of a reference or fortified material under reproducibility conditions, shall not exceed the level 
calculated by the Horwitz equation. The Horwitz equation, σH = 0.02c0.8495, presents a useful and 
widespread applied relation between the expected relative standard deviation of a singular analysis 
result under reproducibility conditions, and the concentration, c (g/g). It expresses inter-laboratory 
precision expected in inter-laboratory trials. Therefore, this relation is suitable for calculating the 
standard deviation for proficiency assessment. 
 
Thompson [7] demonstrated that the Horwitz equation is not applicable to the lower concentration 
range (<120 µg/kg). Therefore a complementary model is suggested: 
 
For analyte concentrations <120 µg/kg: 
σP  =  0.22c 
 
where: 
σP =  standard deviation in proficiency assessment; 
c =  concentration of the analyte expressed as dimensionless fraction 

3.4 Performance characteristics with regard to the 
accuracy 

For illustrating the performance of the participating laboratories with regard to the accuracy a za-score 
is calculated. For the evaluation of the performance of the laboratories, ISO 13528 [8] is applied. 
According to these guidelines za-scores are classified as presented in Table 3.  
 
 

Table 3 Classification of za-scores. 

|za| ≤ 2 Satisfactory 

2 < |za| < 3 Questionable 

 |za| ≥ 3 Unsatisfactory 

 
 
If the calculated uncertainty of the consensus value complies with the criterion mentioned in §4.2, the 
uncertainty is negligible. In this case the accuracy z-score is calculated from: 
 

P
a

Xxz
σ

=
-

 Equation I 
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where: 
za =  accuracy z-score; 
x  =  result of the laboratory; 
X  =  consensus value; 
σP =  standard deviation for proficiency assessment. 
 
However, if the uncertainty of the consensus value does not comply with the criterion mentioned in 
§3.2, it could influence the evaluation of the laboratories. Although, according to ISO 13528 in this 
case no z-scores can be calculated, we feel that evaluation of the participating laboratories is of main 
importance justifying the participating laboratories’ effort. Therefore in this case, the uncertainty is 
taken into account by calculating the accuracy z-score [8]: 
 

22
P

a
u

Xx'z
+σ

=
-

 Equation II 

 
where: 
z'a =  accuracy z-score taking into account the uncertainty of the consensus value; 
x   =  result of the laboratory; 
X  =  consensus value; 
σP =  standard deviation for proficiency assessment; 
u =  uncertainty of the consensus value. 
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4 Results 

A total of 19 of the 20 participants submitted results. An overview of the applied methods by the 
participants is presented in Annex 4. Not all laboratories reported the method used. Of the reported 
methods for dioxins and PCBs most involve an established automated or manual clean-up followed by 
GC-HRMS. Laboratories which only analysed ndl-PCB reported a wider range of clean-up methods, 
internal standards and detectors. Within the PT all these methods performed similar. 

Please double click the icons below for an overview of the reported concentrations by the participants 
for materials A, B and C. Results which were reported with smaller than values (‘<‘) were changed to 
the corresponding detection limits. 

Concentrations 
material A.pdf

Concentrations 
material B.pdf

Concentrations 
material C.pdf

Please double click for an overview of the z-scores for materials A, B and C: 

z-scores material 
A.pdf

z-scores material 
B.pdf

z-scores material 
C.pdf

Double click for the graphical presentations of the z-scores for materials A, B and C. A short overview 
of the results is presented in Table 4.  

Graphs material 
B.pdf

Graphs material 
C.pdf

A total of 2091 z-scores were calculated. za-scores were calculated for all congeners in material A, for 
28 of the 35 congeners in material B and for 31 of the 35 congeners in material C. Not all congeners 
could be statistically evaluated due to a high uncertainty (§3.2) or due to the fact that more than 1/3 
of the results was <LOQ (this is a protocol applied by the European Union Reference Laboratory). 
Three congeners in material B and one congener in material C could not be statistically evaluated due 
to a high uncertainty and four and three congeners in materials B and C respectively due to too many 
results <LOQ. 

Table 4 gives an overview of the performance of z-scores outside the -2 to 2 range for each 
participant. 

Graphs material 
A.pdf




Concentrations for material A


Labcode [01]  WHO-PCDD/F-PCB-TEQ ub  + [02]  WHO-PCDD/F-PCB-TEQ mb [03]  WHO-PCDD/F-PCB-TEQ lb [04] WHO-PCDD/F-TEQ ub [05] WHO-PCDD/F-TEQ mb [06] WHO-PCDD/F-TEQ lb [07] 2,3,7,8-TCDD [08] 1,2,3,7,8-PeCDD [09] 1,2,3,4,7,8-HxCDD [10] 1,2,3,6,7,8-HxCDD [11] 1,2,3,7,8,9-HxCDD [12] 1,2,3,4,6,7,8-HpCDD [13] 1,2,3,4,6,7,8,9-OCDD [14] 2,3,7,8-TCDF [15] 1,2,3,7,8-PeCDF [16] 2,3,4,7,8-PeCDF [17] 1,2,3,4,7,8-HxCDF [18] 1,2,3,6,7,8-HxCDF [19] 2,3,4,6,7,8-HxCDF [20] 1,2,3,7,8,9-HxCDF [21] 1,2,3,4,6,7,8-HpCDF [22] 1,2,3,4,7,8,9-HpCDF [23] 1,2,3,4,6,7,8,9-OCDF 


ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg


PT172 1.52 1.45 1.38 1.18 1.16 1.15 0.389 0.381 0.368 0.38 0.334 0.388 7.27 0.409 0.346 0.346 0.329 0.338 0.298 nd 0.42 0.358 9.83


PT173 1.9411 1.9411 1.9411 1.5467 1.5467 1.5467 0.5104 0.4928 0.5016 0.4928 0.4928 0.4928 9.416 0.484 0.44 0.4488 0.4664 0.44 0.44 0.44 0.4488 0.4576 10.384


PT174 1.333 1.333 1.333 1.013 1.013 1.013 0.3701 0.314 0.338 0.3085 0.3575 0.3225 5.0413 0.2857 0.3 0.2389 0.2708 0.2554 0.2411 0.2719 0.4922 0.2926 8.0633


PT175 1.8934 1.8934 1.8934 1.4819 1.4819 1.4819 0.535 0.471 0.473 0.421 0.436 0.476 7.714 0.379 0.343 0.381 0.427 0.41 0.389 0.393 0.455 0.371 10.641


PT176 1.79 1.79 1.79 1.44 1.44 1.44 0.44 0.5 0.47 0.46 0.46 0.52 7.67 0.41 0.42 0.42 0.41 0.38 0.4 0.4 0.75 0.39 10.36


PT177 1.71 1.71 1.71 1.4 1.4 1.4 0.457 0.454 0.503 0.429 0.528 0.505 7.95 0.379 0.363 0.406 0.377 0.382 0.369 0.404 0.459 0.402 10.5


PT178 1.79 1.79 1.79 1.38 1.38 1.38 0.45 0.465 0.43 0.435 0.425 0.53 7.58 0.37 0.345 0.405 0.35 0.33 0.35 0,38 0.76 0.34 10.4


PT179 1.8 1.8 1.8 1.4 1.4 1.4 0.42 0.49 0.19 0.61 0.44 0.54 7.7 0.43 0.4 0.38 0.42 0.4 0.35 0.4 0.34 0.18 9.7


PT180 1.57 1.57 1.57 1.24 1.24 1.24 0.367 0.426 0.395 0.348 0.423 0.425 7.39 0.387 0.337 0.396 0.359 0.384 0.313 0,360 0.425 0.358 9.69


PT181 2.6 2.592 2.585 2.203 2.203 2.203 0.965 0.544 0.879 0.613 0.563 0.651 10.367 0.589 0.391 0.524 0.62 0.518 0.512 0.668 0.548 0.859 17.631


PT182 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt


PT184 1.6591 1.6591 1.6591 1.328834 1.328834 1.328834 0.4473 0.4428 0.4039 0.3766 0.4018 0.4037 7.53 0.3594 0.3868 0.3793 0.3612 0.3532 0.3418 0.5605 0.3449 10.7184


PT185 1.513 1.509 1.504 1.289 1.285 1.28 0.45 0.6 0.15 0.15 0.11 0.18 6.69 0.32 0.31 0.26 0.24 0.26 0.17 0.3506 0.33 nd 5.07


PT186 1,983 1,652 0.56 0.54 0.43 0.38 0.45 0.45 7.97 0.5 0.34 0.48 0.41 0.39 0.43 nd 0.55 0.53 16.82


PT187 1.58 1.58 1.58 1.14 1.14 1.14 0.39 0.34 0.36 0.36 0.39 0.34 5.15 0.37 0.31 0.34 0.34 0.35 0.28 0,83 0.65 0.32 7.58


PT188 1,538 1,538 1,538 1,163 1,163 1,163 0.33 0.4 0.42 0.4 0.42 0.39 8.12 0.36 0.38 0.36 0.34 0.33 0.3 0.32 0.37 0.29 11.04


PT189 0,30


PT190 1.289 1.287 1.285 0.969 0.969 0.969 0.317 0.294 0.357 0.394 0.38 0.386 7.093 0.288 0.216 0.237 0.334 0.302 0.32 0.742 0.352 8.774


PT191 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt 0.233 nt nt nt


nt


Labcode [24] WHO-PCB-TEQ ub [25] WHO-PCB-TEQ mb [26] WHO-PCB-TEQ lb [27] PCB 105 [28] PCB 114 [29] PCB 118 [30] PCB 123 [31] PCB 156 [32] PCB 157 [33] PCB 167 [34] PCB 189 [35] PCB 77 [36] PCB 81 [37] PCB 126 [38] PCB 169 


ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg  ng/kg ng/kg ng/kg ng/kg


PT172 0.338 0.285 0.232 109 138 138 142 131 156 133 160 nd 1.54 1.98 nd


PT173 0.39439 0.39439 0.39439 132 158.4 154 154 150.48 154.88 141.68 154 2.816 2.816 2.728 2.816


PT174 0.32 0.32 0.32 99.0534 125.5075 141.4047 82.5652 122.0106 136.4251 129.0178 137.7615 4.19 1.7979 2.3242 1.9127


PT175 0.4114 0.4114 0.4114 139.081 166.105 144.339 179.48 166.568 172.691 162.322 226.232 3.697 2.716 2.873 2.742


PT176 0.35 0.35 0.35 121 149 164 146 149 163 143 185 3.2 2.4 2.5 2.3


PT177 0.311 0.311 0.311 108 150 150 120 135 156 137 161 2.6 2.25 2.2 1.9


PT178 0.418 0.418 0.418 140 179 184 171 177 190 168 208 3.19 2.67 2.94 2.67


PT179 0.39 0.39 0.39 129.1 145.6 160.5 154.8 156.8 31.6 31.7 167 2.8 2.2 2.8 2.5


PT180 0.336 0.336 0.336 115 140 148 134 132 151 146 157 2.74 2.14 2.38 2.14


PT181 0.397 0.389 0.382 34.308 50.032 31.772 47.07 45.047 46.863 36.469 68.71 2.627 1.292 2.857 2.987


PT182 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt


PT184 0.33022 0.33022 0.33022 124.94 169.63 167.14 159.51 150.46 165.02 153.16 188.24 2.492 1.874 2.258 2.176


PT185 0.224 0.224 0.224 108.36 125.07 129.2 136.19 146.6 156.34 128.03 148.17 1.89 1.34 1.5 1.34


PT186 0.331 112.9 146.3 144.1 146.5 148.8 133.9 142.3 159.7 2.25 1.97 2.28 2.28


PT187 0.44 0.44 0.44 125 150 162 153 144 162 142 171 3.45 3.07 3.47 1.98


PT188 0.375 0.375 0.375 133.9 142.7 178.4 139.7 136.6 137.9 140.6 138.5 2.8 2.4 2.7 2.3


PT189


PT190 0.32 0.318 0.317 107.36 131.12 135.52 131.12 137.28 146.08 126.72 159.28 nd nd 2.218 2.086


PT191 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt


Labcode [39] Sum NDL-PCB ub [40] Sum NDL-PCB mb [41] Sum NDL-PCB lb [42] PCB 28 [43] PCB 52 ug/kg [44] PCB 101 [45] PCB 138 [46] PCB 153 [47] PCB 180


ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg


PT172 8.42 8.42 8.42 0.698 0.677 0.867 1.15 4.29 0.734


PT173 9.24 9.24 9.24 0.836 0.7832 0.9504 1.1968 4.62 0.8096


PT174 10.08 10.08 10.08 0.9366348 0.8026547 1.0213146 1.3268707 5.1066386 0.8844293


PT175 6.247 6.247 6.247 0 0 0 1.307 4.939 0


PT176 8.2 8.2 8.2 0.8 0.73 0.81 1.08 4 0.72


PT177 9.06 9.06 9.06 0.906 0.762 0.909 1.23 4.48 0.774


PT178 10.1 10.1 10.1 0.908 0.835 0.994 1.32 5.13 0.867


PT179 8.7 8.7 8.7 0.81 0.74 0.92 4.3 1.14 0.77


PT180 8.7 8.7 8.7 0.752 0.77 0.842 1.13 4.41 0.827


PT181 nt nt nt nt nt nt nt nt nt


PT182 11.8 10.8 9.8 nd nd 1.41 1.61 5.75 1.03


PT184 9.718 9.718 9.178 0.8371 0.7984 0.898 1.2297 4.9932 0.9616


PT185 9.82 9.82 9.82 0.76 0.64 0.79 1.38 5.49 0.75


PT186 7.9 0.6 0.5 0.8 1.1 4.2 0.7


PT187 8.202 8.202 8.202 0.764 0.716 0.851 4.055 1.045 0.771


PT188 9.71 9.71 9.71 0.75 0.71 0.93 1.23 5.31 0.78


PT189 9.5 8 6.5 < 1.0 < 1.0 0.9 1.1 4.6 < 1.0


PT190 7.832 7.832 7.832 0.699 0.695 0.785 1.065 3.907 0.705


PT191 8.84 8.84 8.84 0.48 0.67 0.8 1.28 4.7 0.92
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Concentrations for material B


Labcode [01]  WHO-PCDD/F-PCB-TEQ ub  + [02]  WHO-PCDD/F-PCB-TEQ mb [03]  WHO-PCDD/F-PCB-TEQ lb [04] WHO-PCDD/F-TEQ ub [05] WHO-PCDD/F-TEQ mb [06] WHO-PCDD/F-TEQ lb [07] 2,3,7,8-TCDD [08] 1,2,3,7,8-PeCDD [09] 1,2,3,4,7,8-HxCDD [10] 1,2,3,6,7,8-HxCDD [11] 1,2,3,7,8,9-HxCDD [12] 1,2,3,4,6,7,8-HpCDD [13] 1,2,3,4,6,7,8,9-OCDD [14] 2,3,7,8-TCDF [15] 1,2,3,7,8-PeCDF [16] 2,3,4,7,8-PeCDF [17] 1,2,3,4,7,8-HxCDF [18] 1,2,3,6,7,8-HxCDF [19] 2,3,4,6,7,8-HxCDF [20] 1,2,3,7,8,9-HxCDF [21] 1,2,3,4,6,7,8-HpCDF [22] 1,2,3,4,7,8,9-HpCDF [23] 1,2,3,4,6,7,8,9-OCDF 


ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg


PT172 1.33 1.16 0.99 0.57 0.454 0.339 nd nd nd nd nd nd nd 2.11 0.168 0.407 nd nd nd nd nd nd nd


PT173 0.79766 0.78331 0.76897 0.42557 0.41122 0.39688 nd 0.0704 nd 0.0968 0.0528 0.1144 nd 1.6896 0.2552 0.3696 0.0704 0.0704 0.088 nd nd nd nd


PT174 1.309 1.309 1.309 0.479 0.479 0.479 0.0594 0.1211 0.0487 0.1179 0.0636 0.1244 0.7455 1.2068 0.2158 0.3794 0.0758 0.0849 0.1014 0.057 0.0714 0.047 0.4256


PT175 1.3353 1.3032 1.2711 0.5268 0.4947 0.4626 0.067 0 0 0.092 0 0.154 0 1.725 0.239 0.635 0.083 0.064 0 0 0 0 0


PT176 1.16 1.16 1.15 0.44 0.44 0.43 0.05 0.08 0.02 0.11 0.03 0.12 0.77 1.42 0.21 0.38 0.06 0.07 0.1 nd 0.06 0.01 0.37


PT177 1.134 1.132 1.131 0.417 0.416 0.414 0.05 0.086 <0.018 0.108 0.027 0.102 0.4 1.25 0.197 0.366 0.05 0.058 0.102 <0.015 0.064 <0.015 0.131


PT178 1.51 1.51 1.51 0.62 0.62 0.62 0.04 0.16 0,05 0,1 0,055 0,18 0,35 1.42 0.3 0.71 0,08 0,08 0,13 0,04 0,05 0,03 0,18


PT179 0.85 0.78 0.72 0.37 0.32 0.28 nd nd nd nd nd nd 0.41 1.4 0.18 0.43 nd nd nd nd nd nd 0.22


PT180 1.18 1.17 1.15 0.413 0.395 0.377 0.041 0.071 <0,02 0,094 <0,05 <0,13 <0,42 1.36 0.174 0.383 <0,06 <0,07 <0,09 <0,02 <0,07 <0,05 <0,24


PT181 1.469 1.454 1.437 0.696 0.686 0.675 0.156 0.112 0.012 0.13 0.067 0.111 0.462 1.768 0.235 0.555 0.061 0.08 0.206 0.022 0.088 0.049 0.28


PT182 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt


PT184 1.2201 1.2147 1.2094 0.4106 0.4054 0.4001 0.0421 0.0821 nd 0.0968 nd 0.0716 0.2667 1.339 0.1963 0.3561 0.0457 0.0626 0.0757 nd 0.0377 nd 0.132


PT185 0.863 0.757 0.651 0.445 0.339 0.233 nd nd nd nd nd 0.35 1.51 0.98 0.12 0.24 nd 0.16 0.19 0.16 0.5 nd 1.43


PT186 1.095 0.464 <0.05 <0.05 <0,10 <0,10 <0,10 <0,13 <0,25 1.5 0.15 0.45 <0,10 <0,10 <0,10 <0,10 <0,13 <0,13 0,30


PT187 1.52 1.48 1.45 0.5 0.46 0.43 nd 0.09 nd 0.09 nd 0.08 0.3 1.63 0.14 0.49 nd 0.09 0.05 nd nd nd 0.11


PT188 1.181 1.115 1.049 0.381 0.346 0.31 nd 0.08 nd 0,08 nd 0,11 0,37 1.19 0.13 0.28 0,07 0,07 nd nd nd nd nd


PT189


PT190 1.088 1.053 1.018 0.368 0.334 0.3 nd 0.064 nd 0.105 nd nd nd 1.197 0.151 0.287 0.056 nd nd 0.093 nd nd nd


PT191 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt


Labcode [24] WHO-PCB-TEQ ub [25] WHO-PCB-TEQ mb [26] WHO-PCB-TEQ lb [27] PCB 105 [28] PCB 114 [29] PCB 118 [30] PCB 123 [31] PCB 156 [32] PCB 157 [33] PCB 167 [34] PCB 189 [35] PCB 77 [36] PCB 81 [37] PCB 126 [38] PCB 169 


ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg  ng/kg ng/kg ng/kg ng/kg


PT172 0.757 0.704 0.651 332 20.1 1000 12.7 89.4 26.5 53 7.73 nd nd 6.05 nd


PT173 0.37209 0.37209 0.37209 344.08 29.92 985.6 20.24 98.56 25.52 67.76 7.92 22.528 1.232 2.904 1.056


PT174 0.83 0.83 0.83 364.3292 24.5693 1179.6373 12.9097 97.3927 29.4269 70.9635 8.6694 23.3745 1.0145 7.1724 1.8816


PT175 0.8085 0.8085 0.8085 395.949 23.542 938.484 44.269 104.104 29.769 74.108 10.778 17.237 1.204 7.049 1.764


PT176 0.72 0.72 0.72 351 30 1110 9.5 92.3 26.1 63.6 9.4 21.3 1.1 6.2 1.6


PT177 0.717 0.717 0.717 326 19.4 980 11.7 89 26 59 8.55 19.3 1.04 6.31 1.26


PT178 0.888 0.888 0.888 408.76 38.42 1207.54 16.84 110.05 31.03 70.79 10.7 23.49 1.51 7.71 1.9


PT179 0.48 0.46 0.44 378.4 21.5 1065.8 9.7 26.3 24.3 50.2 9 17.8 6.6 3.9 nd


PT180 0.772 0.772 0.772 351 20.3 1070 10.2 81.9 24.2 71.2 8.26 19.6 1.12 6.73 1.56


PT181 0.773 0.768 0.762 231.177 9.279 731.697 271.341 97.17 30.173 83.177 9.787 17.62 1.502 6.295 2.944


PT182 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt


PT184 0.8095 0.8094 0.8093 362.1 21.364 1161.8 21.09 95.49 26.74 64.76 nd 20.26 0.58 7.139 1.352


PT185 0.418 0.418 0.418 322.04 13.47 878.41 167.1 84.64 18.92 54.47 7.64 16.7 0.25 3.45 0.84


PT186 0.631 333.3 21.6 1066.8 19.7 25.7 59.6 92.3 8.1 18.46 1.02 5.36 1.47


PT187 1.02 1.02 1.02 353 25 1037 38 91 28 91 nd 28.8 1.89 9.25 1.44


PT188 0.8 0.77 0.739 331.7 21.5 1016.6 17.2 85.8 25.2 52.2 nd 22.2 nd 6.9 nd


PT189


PT190 0.721 0.719 0.718 297.44 20.064 915.2 14.872 83.6 25.08 55.176 nd 18.48 nd 6.336 1.329


PT191 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt


Labcode [39] Sum NDL-PCB ub [40] Sum NDL-PCB mb [41] Sum NDL-PCB lb [42] PCB 28 [43] PCB 52 ug/kg [44] PCB 101 [45] PCB 138 [46] PCB 153 [47] PCB 180


ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg


PT172 24.8 24.8 24.8 0.291 0.816 1.57 1.44 20.1 0.574


PT173 23.848 23.848 23.848 0.3872 0.8624 1.6632 1.6456 18.656 0.5984


PT174 26.75 26.75 26.75 0.3948185 1.0038285 1.8848068 1.677642 21.1309513 0.6575612


PT175 24.283 24.283 24.283 0 0 1.724 1.649 20.909 0


PT176 21 21 21 0.31 0.87 1.47 1.36 16.5 0.53


PT177 23.1 23.1 23.1 0.373 0.966 1.7 1.57 17.9 0.55


PT178 0.026 0.026 0.026 0.389 1.03 1.81 1.84 20.6 0.66


PT179 22 22 22 0.31 0.89 1.61 17.13 1.31 0.55


PT180 24.8 24.8 24.8 0.327 1.03 1.7 1.53 19.6 0.596


PT181 nt nt nt nt nt nt nt nt nt


PT182 31.35 30.85 30.35 nd 1.85 3.13 2.44 21.9 1.03


PT184 26.358 26.358 26.358 0.3089 1.0101 1.555 1.417 21.344 0.7231


PT185 26.88 26.88 26.88 0.92 0.9 1.66 2.01 20.8 0.59


PT186 23 <0.5 0.7 1.5 1.5 18.2 0.6


PT187 21.397 21.397 21.397 0.317 0.897 1.545 16.654 1.395 0.589


PT188 24.43 24.43 24.43 0.31 0.87 1.49 1.51 19.59 0.66


PT189 23.6 22.6 21.6 < 1.0 1.1 1.9 2.2 16.5 < 1.0


PT190 19.272 19.272 19.272 0.34 0.84 1.522 1.346 14.696 0.488


PT191 22.2 22.2 22.2 0.53 0.81 1.53 1.5 17.31 0.54
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Concentrations for material C


Labcode [01]  WHO-PCDD/F-PCB-TEQ ub  + [02]  WHO-PCDD/F-PCB-TEQ mb [03]  WHO-PCDD/F-PCB-TEQ lb [04] WHO-PCDD/F-TEQ ub [05] WHO-PCDD/F-TEQ mb [06] WHO-PCDD/F-TEQ lb [07] 2,3,7,8-TCDD [08] 1,2,3,7,8-PeCDD [09] 1,2,3,4,7,8-HxCDD [10] 1,2,3,6,7,8-HxCDD [11] 1,2,3,7,8,9-HxCDD [12] 1,2,3,4,6,7,8-HpCDD [13] 1,2,3,4,6,7,8,9-OCDD [14] 2,3,7,8-TCDF [15] 1,2,3,7,8-PeCDF [16] 2,3,4,7,8-PeCDF [17] 1,2,3,4,7,8-HxCDF [18] 1,2,3,6,7,8-HxCDF [19] 2,3,4,6,7,8-HxCDF [20] 1,2,3,7,8,9-HxCDF [21] 1,2,3,4,6,7,8-HpCDF [22] 1,2,3,4,7,8,9-HpCDF [23] 1,2,3,4,6,7,8,9-OCDF 


ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg


PT172 0.892 0.808 0.723 0.515 0.482 0.449 nd 0.104 0.154 0.248 0.168 3.89 21 0.378 0.237 0.272 0.25 0.209 0.219 nd 4.63 0.126 4.37


PT173 1.01061 1.00181 0.99301 0.67706 0.67486 0.67266 0.0528 0.132 0.2024 0.3344 0.4048 5.3328 25.872 0.6952 0.2552 0.308 0.3872 0.3168 0.2904 nd 6.0368 0.1672 5.2008


PT174 0.806 0.806 0.806 0.471 0.471 0.471 0.0589 0.1036 0.1414 0.2267 0.2725 3.1213 14.799 0.2753 0.1903 0.2138 0.2255 0.1846 0.2354 0.0631 3.8681 0.0985 4.0414


PT175 0.9982 0.9598 0.9214 0.6169 0.5936 0.5704 0 0.157 0.25 0.23 0.357 4.513 22.463 0.509 0.271 0.266 0.286 0.272 0.295 0 5.213 0.132 5.144


PT176 0.92 0.92 0.92 0.59 0.59 0.59 0.04 0.15 0.19 0.28 0.31 4.35 20.52 0.47 0.18 0.26 0.34 0.22 0.34 0.03 4.55 0.13 4.92


PT177 0.924 0.923 0.922 0.586 0.585 0.584 0.055 0.122 0.204 0.305 0.332 4.57 22.5 0.375 0.181 0.3 0.287 0.229 0.275 <0.019 5.54 0.131 4.61


PT178 0.822 0.807 0.792 0.422 0.422 0.422 nd nd 0.14 0.29 0.35 4.41 21.2 0.47 0.2 0.32 0.28 0.21 0.325 0.1 5.01 0.14 4.59


PT179 0.69 0.5 0.3 0.42 0.35 0.27 nd nd nd nd 0.48 4 21.3 0.43 0.25 nd 0.33 nd 0.4 nd 5.6 nd (LOQ 0.14) 2


PT180 0.852 0.851 0.851 0.555 0.555 0.554 0.046 0.149 0.163 0.212 0.28 3.77 20.1 0.361 0.204 0.269 0.284 0.222 0.216 0.087 4.49 <0.09 4.41


PT181 1.326 1.319 1.312 0.96 0.96 0.96 0.191 0.207 0.216 0.377 0.414 5.685 26.486 0.497 0.247 0.443 0.56 0.238 0.556 0.107 5.524 0.237 8.095


PT182 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt


PT184 0.992244 0.967111 0.941978 0.526436 0.508404 0.490371 nd 0.1251 0.1699 0.2761 0.3002 4.2561 23.036 0.3594 0.2195 0.2409 0.2525 0.1957 0.1975 0.0714 5.2082 0.1125 4.7581


PT185 0.602 0.512 0.423 0.414 0.324 0.235 nd nd 0.26 0.11 0.22 1.81 19.29 0.09 nd 0.13 0.21 0.11 0.12 0.18 3.71 0.21 3.76


PT186 0.799 0.499 0.05 0.06 0.2 0.25 0.24 4.27 25.07 0.39 0.14 0.3 0.25 0.24 0.23 <0.10 4.89 <0.13 7.25


PT187 0.92 0.89 0.87 0.47 0.45 0.42 0.05 nd 0.16 0.22 0.28 3.14 16.99 0.48 0.15 0.32 0.23 0.21 0.28 nd 4.29 0.1 3.6


PT188 0.922 0.867 0.811 0.541 0.516 0.491 nd 0.12 0.23 0.24 0.3 4.13 21.37 0.27 0.2 0.26 0.24 0.22 0.22 0.05 5.09 0.07 3.99


PT189


PT190 0.841 0.804 0.766 0.498 0.475 0.452 nd 0.11 0.14 0.3 0.28 3.65 20.27 0.31 0.17 0.23 0.26 0.21 0.07 0.31 4.01 nd 4.02


PT191 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt


Labcode [24] WHO-PCB-TEQ ub [25] WHO-PCB-TEQ mb [26] WHO-PCB-TEQ lb [27] PCB 105 [28] PCB 114 [29] PCB 118 [30] PCB 123 [31] PCB 156 [32] PCB 157 [33] PCB 167 [34] PCB 189 [35] PCB 77 [36] PCB 81 [37] PCB 126 [38] PCB 169 


ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg  ng/kg ng/kg ng/kg ng/kg


PT172 0.378 0.326 0.275 138 7.25 556 6.91 113 14.1 49.1 10.6 21.5 nd 2.45 nd


PT173 0.33355 0.32695 0.32035 173.36 7.92 510.4 8.8 112.64 16.72 61.6 14.08 24.112 1.232 2.904 nd


PT174 0.335 0.335 0.335 118.2491 7.4407 448.1719 7.0596 102.3247 12.6398 52.273 10.9632 21.8668 0.9657 2.9021 0.6367


PT175 0.3813 0.3662 0.351 160.931 0 433.112 67.706 132.537 19.036 69.473 14.933 19.513 1.185 3.218 0


PT176 0.33 0.33 0.33 143 12 513 nd 124 10 59 12 25 1.4 2.9 0.5


PT177 0.338 0.338 0.338 133 8.09 470 5.47 111 13.4 67 13.2 22 1.11 3.04 0.221


PT178 0.4 0.385 0.37 178 11.7 524 12.9 144 16.8 75.2 13.6 26.2 1.26 3.38 positive


PT179 0.27 0.15 0.025 126.2 9.7 516.4 7.6 12.9 13 51.9 15 27 nd nd nd


PT180 0.296 0.296 0.296 132 6.61 474 3.54 101 12.2 67.3 10 20.7 1.04 2.61 0.281


PT181 0.366 0.359 0.352 145.394 9.511 380.829 35.685 135.887 17.778 63.604 23.92 19.463 0.913 2.994 0.935


PT182 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt


PT184 0.4658 0.4587 0.4516 144.92 nd 533.423 nd 114.802 13.094 58.772 11.761 22.546 nd 4.23 nd


PT185 0.188 0.188 0.188 126.82 7.22 409.33 53.99 115.85 12.14 50.46 9.93 18.04 0.61 1.58 0.13


PT186 0.3 133.8 12.6 481.9 55 11.2 42.5 126 10 18.83 <1.00 2.42 <1.00


PT187 0.45 0.45 0.45 145 10 481 118 123 14 56 13 27.64 1.57 4.06 0.25


PT188 0.384 0.354 0.323 156 39.7 493.7 34.5 134.1 42 80.4 380 25 nd 2.9 nd


PT189


PT190 0.343 0.329 0.314 127.6 nd 456.72 nd 107.36 12.584 53.944 10.824 20.856 nd 2.886 nd


PT191 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt


Labcode [39] Sum NDL-PCB ub [40] Sum NDL-PCB mb [41] Sum NDL-PCB lb [42] PCB 28 [43] PCB 52 ug/kg [44] PCB 101 [45] PCB 138 [46] PCB 153 [47] PCB 180


ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg


PT172 9.21 9.21 9.21 0.53 0.48 1.57 2.03 3.66 0.937


PT173 8.7032 8.7032 8.7032 0.6776 0.528 1.4344 1.5752 3.6168 0.8712


PT174 9.82 9.82 9.82 0.776109 0.6621342 1.5977506 1.5934435 4.1336679 1.0575616


PT175 7.993 7.993 7.993 0 0 1.504 1.7 3.751 1.037


PT176 7.8 7.8 7.8 0.64 0.54 1.3 1.4 3.1 0.85


PT177 8.69 8.69 8.69 0.691 0.578 1.46 1.55 3.54 0.869


PT178 10.2 10.2 10.2 0.849 0.612 1.49 2.51 3.93 1.02


PT179 nt nt nt nt nt nt nt nt nt


PT180 8.45 8.45 8.45 0.567 0.567 1.35 1.45 3.6 0.916


PT181 nt nt nt nt nt nt nt nt nt


PT182 nt nt nt nt nt nt nt nt nt


PT184 8.6759 8.6759 8.6759 0.62455 0.5532 1.346 1.377 3.644 1.131


PT185 7.69 7.69 7.69 1.07 0.47 1.43 2.59 1.6 0.53


PT186 8.7 1.2 0.5 1.3 1.5 3.3 0.9


PT187 8.122 8.122 8.12 0.582 0.549 1.386 1.412 3.245 0.948


PT188 9 9 9 0.6 0.54 1.43 1.56 3.92 0.95


PT189 14.1 9.1 4.1 < 2.0 < 2.0 < 2.0 < 2.0 4.1 < 2.0


PT190 7.216 7.216 7.216 0.73 0.44 0.823 1.39 3.08 0.762


PT191 22.6 22.6 22.6 0.61 0.75 1.45 1.56 17.85 0.34
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z-scores for material A


Labcode [01]  WHO-PCDD/F-PCB-TEQ ub [02]  WHO-PCDD/F-PCB-TEQ mb [03]  WHO-PCDD/F-PCB-TEQ lb [04] WHO-PCDD/F-TEQ ub [05] WHO-PCDD/F-TEQ mb [06] WHO-PCDD/F-TEQ lb [07] 2,3,7,8-TCDD [08] 1,2,3,7,8-PeCDD [09] 1,2,3,4,7,8-HxCDD [10] 1,2,3,6,7,8-HxCDD [11] 1,2,3,7,8,9-HxCDD [12] 1,2,3,4,6,7,8-HpCDD [13] 1,2,3,4,6,7,8,9-OCDD [14] 2,3,7,8-TCDF [15] 1,2,3,7,8-PeCDF [16] 2,3,4,7,8-PeCDF [17] 1,2,3,4,7,8-HxCDF [18] 1,2,3,6,7,8-HxCDF [19] 2,3,4,6,7,8-HxCDF [20] 1,2,3,7,8,9-HxCDF [21] 1,2,3,4,6,7,8-HpCDF [22] 1,2,3,4,7,8,9-HpCDF [23] 1,2,3,4,6,7,8,9-OCDF 


ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg


Consensus value 1.69 1.66 1.66 1.34 1.31 1.31 0.44 0.45 0.41 0.40 0.42 0.44 7.58 0.38 0.35 0.38 0.37 0.36 0.34 0.36 0.50 0.36 10.15


robust standard deviation 0.24 0.23 0.24 0.23 0.21 0.21 0.09 0.08 0.08 0.06 0.06 0.09 0.58 0.05 0.05 0.06 0.06 0.06 0.07 0.10 0.13 0.07 1.07


uncertainty (u) 0.08 0.07 0.08 0.07 0.07 0.07 0.03 0.03 0.03 0.02 0.02 0.03 0.18 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.04 0.02 0.33


target standard deviation 0.37 0.37 0.36 0.29 0.29 0.29 0.10 0.10 0.09 0.09 0.09 0.10 1.67 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.11 0.08 2.23


uncertainty taken into account? NO NO NO NO NO NO NO NO NO NO NO YES NO NO NO NO NO NO YES YES YES NO NO


PT172 -0.45 -0.76 -0.76 -0.53 -0.51 -0.54 -0.50 -0.71 -0.47 -0.26 -0.96 -0.52 -0.19 0.30 -0.11 -0.41 -0.50 -0.32 -0.59 -2.94 -0.68 0.04 -0.14


PT173 0.68 0.78 0.78 0.72 0.84 0.84 0.76 0.41 1.01 1.01 0.75 0.52 1.10 1.19 1.09 0.82 1.19 0.96 1.20 0.96 -0.43 1.31 0.10


PT174 -0.96 -0.89 -0.89 -1.10 -1.02 -1.02 -0.70 -1.39 -0.80 -1.07 -0.71 -1.16 -1.52 -1.16 -0.70 -1.69 -1.21 -1.35 -1.31 -1.03 -0.06 -0.80 -0.93


PT175 0.55 0.65 0.65 0.50 0.61 0.62 1.01 0.19 0.70 0.20 0.14 0.35 0.08 -0.05 -0.15 0.01 0.71 0.58 0.56 0.40 -0.38 0.20 0.22


PT176 0.27 0.37 0.37 0.36 0.47 0.47 0.03 0.48 0.66 0.64 0.39 0.79 0.05 0.32 0.83 0.47 0.50 0.21 0.70 0.49 2.15 0.45 0.09


PT177 0.06 0.15 0.15 0.22 0.33 0.33 0.20 0.02 1.03 0.29 1.12 0.64 0.22 -0.05 0.10 0.31 0.09 0.23 0.30 0.53 -0.34 0.60 0.16


PT178 0.27 0.37 0.37 0.15 0.26 0.26 0.13 0.13 0.22 0.36 0.02 0.89 0.00 -0.16 -0.13 0.30 -0.24 -0.42 0.06 0.25 2.23 -0.19 0.11


PT179 0.30 0.40 0.40 0.22 0.33 0.33 -0.18 0.38 -2.44 2.33 0.18 0.99 0.07 0.55 0.58 0.00 0.62 0.46 0.06 0.49 -1.36 -2.24 -0.20


PT180 -0.32 -0.23 -0.23 -0.32 -0.23 -0.23 -0.73 -0.26 -0.17 -0.62 0.00 -0.15 -0.12 0.04 -0.23 0.19 -0.13 0.26 -0.40 0.01 -0.64 0.04 -0.21


PT181 2.46 2.55 2.55 2.95 3.12 3.13 5.48 0.93 5.19 2.37 1.50 2.08 1.67 2.44 0.46 1.72 3.08 1.93 2.11 3.66 0.42 6.45 3.35


PT182


PT184 -0.08 0.01 0.01 -0.02 0.08 0.08 0.10 -0.09 -0.07 -0.30 -0.23 -0.36 -0.03 -0.28 0.41 -0.01 -0.10 -0.13 -0.04 -0.10 0.52 -0.13 0.25


PT185 -0.47 -0.42 -0.42 -0.16 -0.07 -0.09 0.13 1.49 -2.88 -2.85 -3.36 -2.57 -0.54 -0.75 -0.57 -1.44 -1.59 -1.29 -2.20 -3.18 -1.45 -3.39 -2.27


PT186 0.79 1.08 1.27 0.89 0.22 -0.26 0.29 0.10 0.23 1.38 -0.19 1.19 0.50 0.33 1.07 5.57 0.43 2.24 2.99


PT187 -0.29 -0.21 -0.21 -0.66 -0.58 -0.58 -0.49 -1.13 -0.56 -0.49 -0.36 -0.99 -1.46 -0.16 -0.57 -0.48 -0.36 -0.17 -0.82 -0.46 1.29 -0.45 -1.15


PT188 -0.40 -0.32 -0.32 -0.59 -0.50 -0.50 -1.12 -0.52 0.11 -0.03 -0.03 -0.50 0.32 -0.28 0.32 -0.24 -0.36 -0.42 -0.57 -0.69 -1.11 -0.83 0.40


PT189


PT190 -1.07 -1.02 -1.02 -1.25 -1.17 -1.17 -1.25 -1.59 -0.59 -0.10 -0.46 -0.54 -0.29 -1.13 -1.78 -1.71 -0.44 -0.77 -0.31 -1.49 2.08 -0.04 -0.62


PT191


Labcode [24] WHO-PCB-TEQ ub [25] WHO-PCB-TEQ mb [26] WHO-PCB-TEQ lb [27] PCB 105 [28] PCB 114 [29] PCB 118 [30] PCB 123 [31] PCB 156 [32] PCB 157 [33] PCB 167 [34] PCB 189 [35] PCB 77 [36] PCB 81 [37] PCB 126 [38] PCB 169 


ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg  ng/kg ng/kg ng/kg ng/kg


Consensus value 0.36 0.36 0.35 118.8 145.5 150.9 143.4 143.6 152.3 138.8 161.6 2.98 2.23 2.50 2.34


robust standard deviation 0.05 0.06 0.06 15.9 16.9 17.8 17.3 14.5 15.5 14.3 19.4 0.59 0.66 0.40 0.47


uncertainty (u) 0.01 0.02 0.02 5.0 5.3 5.6 5.4 4.5 4.8 4.5 6.1 0.19 0.21 0.13 0.15


target standard deviation 0.08 0.08 0.08 26.1 3.2 3.3 3.2 3.2 3.4 3.1 3.6 0.66 0.49 0.55 0.52


uncertainty taken into account? NO NO NO NO NO NO NO NO NO NO NO NO YES NO NO


PT172 -0.25 -0.90 -1.56 -0.37 -0.23 -0.39 -0.04 -0.40 0.11 -0.19 -0.05 21.40 -1.29 -0.94 2.25


PT173 0.47 0.50 0.53 0.51 0.40 0.09 0.34 0.22 0.08 0.09 -0.22 -0.25 1.11 0.42 0.92


PT174 -0.48 -0.46 -0.43 -0.75 -0.62 -0.29 -1.93 -0.68 -0.47 -0.32 -0.67 1.85 -0.81 -0.32 -0.83


PT175 0.69 0.71 0.75 0.78 0.64 -0.20 1.14 0.73 0.61 0.77 1.82 1.10 0.92 0.68 0.78


PT176 -0.09 -0.07 -0.04 0.08 0.11 0.40 0.08 0.17 0.32 0.14 0.66 0.34 0.32 0.00 -0.08


PT177 -0.59 -0.57 -0.55 -0.41 0.14 -0.03 -0.74 -0.27 0.11 -0.06 -0.02 -0.58 0.04 -0.54 -0.86


PT178 0.77 0.80 0.83 0.81 1.05 1.00 0.87 1.06 1.12 0.96 1.30 0.32 0.83 0.80 0.64


PT179 0.41 0.44 0.47 0.39 0.00 0.29 0.36 0.42 -3.60 -3.51 0.15 -0.27 -0.05 0.55 0.31


PT180 -0.27 -0.25 -0.22 -0.14 -0.17 -0.09 -0.30 -0.37 -0.04 0.24 -0.13 -0.36 -0.16 -0.22 -0.39


PT181 0.50 0.43 0.37 -3.23 -2.98 -3.59 -3.05 -3.12 -3.15 -3.35 -2.61 -0.54 -1.76 0.65 1.25


PT182


PT184 -0.35 -0.32 -0.30 0.24 0.75 0.49 0.51 0.22 0.38 0.47 0.75 -0.74 -0.66 -0.44 -0.32


PT185 -1.70 -1.68 -1.66 -0.40 -0.64 -0.65 -0.23 0.10 0.12 -0.35 -0.38 -1.66 -1.67 -1.82 -1.94


PT186 -0.34 -0.22 0.03 -0.20 0.10 0.17 -0.55 0.11 -0.05 -1.11 -0.48 -0.40 -0.12


PT187 1.05 1.08 1.11 0.24 0.14 0.34 0.30 0.01 0.29 0.10 0.26 0.72 1.58 1.77 -0.70


PT188 0.22 0.25 0.28 0.58 -0.09 0.83 -0.12 -0.22 -0.43 0.06 -0.65 -0.27 0.32 0.37 -0.08


PT189


PT190 -0.48 -0.48 -0.47 -0.44 -0.45 -0.46 -0.39 -0.20 -0.19 -0.40 -0.07 10.72 14.62 -0.51 -0.50


PT191


Labcode [39] Sum NDL-PCB ub [40] Sum NDL-PCB mb [41] Sum NDL-PCB lb [42] PCB 28 [43] PCB 52 ug/kg [44] PCB 101 [45] PCB 138 [46] PCB 153 [47] PCB 180


ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg


Consensus value 9.00 8.97 8.87 0.81 0.75 0.89 1.25 4.61 0.82


robust standard deviation 1.01 1.03 0.99 0.14 0.09 0.09 0.15 0.69 0.11


uncertainty (u) 0.30 0.31 0.30 0.04 0.03 0.03 0.04 0.20 0.03


target standard deviation 1.98 1.97 1.95 0.18 0.17 0.20 0.27 1.01 0.18


uncertainty taken into account? NO NO NO NO NO NO NO NO NO


PT172 -0.29 -0.28 -0.23 -0.65 -0.46 -0.14 -0.35 -0.32 -0.50


PT173 0.12 0.13 0.19 0.12 0.18 0.28 -0.18 0.01 -0.08


PT174 0.54 0.56 0.62 0.68 0.30 0.64 0.29 0.49 0.34


PT175 -1.39 -1.38 -1.34 1.03 1.49 0.54 0.22 0.32 0.97


PT176 -0.40 -0.39 -0.34 -0.08 -0.14 -0.43 -0.61 -0.60 -0.57


PT177 0.03 0.04 0.10 0.51 0.05 0.07 -0.06 -0.13 -0.27


PT178 0.55 0.57 0.63 0.52 0.49 0.51 0.26 0.51 0.24


PT179 -0.15 -0.14 -0.09 -0.03 -0.08 0.13 11.12 -3.42 -0.30


PT180 -0.15 -0.14 -0.09 -0.35 0.10 -0.27 -0.43 -0.20 0.02


PT181


PT182 1.41 0.92 0.48 1.03 1.49 2.62 1.32 1.12 1.14


PT184 0.36 0.38 0.16 0.12 0.27 0.02 -0.06 0.38 0.76


PT185 0.41 0.43 0.49 -0.31 -0.69 -0.53 0.48 0.86 -0.41


PT186 -0.56 -1.20 -1.53 -0.48 -0.54 -0.41 -0.68


PT187 -0.40 -0.39 -0.34 -0.28 -0.23 -0.22 10.23 -3.52 -0.29


PT188 0.36 0.37 0.43 -0.36 -0.26 0.18 -0.06 0.69 -0.24


PT189 0.25 -0.49 -1.21 1.03 1.49 0.03 -0.54 -0.01 0.97


PT190 -0.59 -0.58 -0.53 -0.65 -0.35 -0.56 -0.66 -0.70 -0.66


PT191 -0.08 -0.07 -0.02 -1.87 -0.50 -0.48 0.12 0.09 0.53





z-scores material A.pdf




z-scores for material B


Labcode [01]  WHO-PCDD/F-PCB-TEQ ub [02]  WHO-PCDD/F-PCB-TEQ mb [03]  WHO-PCDD/F-PCB-TEQ lb [04] WHO-PCDD/F-TEQ ub [05] WHO-PCDD/F-TEQ mb [06] WHO-PCDD/F-TEQ lb [07] 2,3,7,8-TCDD [08] 1,2,3,7,8-PeCDD [09] 1,2,3,4,7,8-HxCDD [10] 1,2,3,6,7,8-HxCDD [11] 1,2,3,7,8,9-HxCDD [12] 1,2,3,4,6,7,8-HpCDD [13] 1,2,3,4,6,7,8,9-OCDD [14] 2,3,7,8-TCDF [15] 1,2,3,7,8-PeCDF [16] 2,3,4,7,8-PeCDF [17] 1,2,3,4,7,8-HxCDF [18] 1,2,3,6,7,8-HxCDF [19] 2,3,4,6,7,8-HxCDF [20] 1,2,3,7,8,9-HxCDF [21] 1,2,3,4,6,7,8-HpCDF [22] 1,2,3,4,7,8,9-HpCDF [23] 1,2,3,4,6,7,8,9-OCDF 


ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg


Consensus value 1.19 1.17 1.14 0.45 0.43 0.40 0.08 0.100 0.127 1.44 0.19 0.40 0.07 0.07 0.09 0.08


robust standard deviation 0.23 0.24 0.26 0.07 0.08 0.10 0.02 0.014 0.043 0.27 0.05 0.09 0.02 0.02 0.04 0.04


uncertainty (u) 0.07 0.08 0.08 0.02 0.03 0.03 0.01 0.004 0.013 0.08 0.02 0.03 0.01 0.01 0.01 0.01


target standard deviation 0.26 0.26 0.25 0.10 0.09 0.09 0.02 0.022 0.028 0.32 0.04 0.09 0.01 0.02 0.02 0.02


uncertainty taken into account? NO YES YES NO NO YES NO NO YES NO YES YES YES YES YES YES


PT172 0.52 -0.04 -0.56 1.16 0.30 -0.62 NO STATISTICAL -0.18 NO STATISTICAL 2.30 NO STATISTICAL 3.32 NO STATISTICAL 2.14 -0.47 0.10 6.24 5.04 1.89 NO STATISTICAL 3.63 NO STATISTICAL NO STATISTICAL


PT173 -1.51 -1.44 -1.40 -0.29 -0.16 0.00 EVALUTION POSSIBLE -0.27 EVALUTION POSSIBLE -0.13 EVALUTION POSSIBLE -0.41 EVALUTION POSSIBLE 0.81 1.48 -0.31 0.14 -0.20 -0.21 EVALUTION POSSIBLE 0.86 EVALUTION POSSIBLE EVALUTION POSSIBLE


PT174 0.44 0.51 0.64 0.25 0.57 0.88 2.55 0.84 -0.08 -0.72 0.60 -0.20 0.47 0.65 0.33 -0.46


PT175 0.54 0.49 0.50 0.72 0.73 0.71 TOO  MANY -1.96 TOO  MANY -0.34 TOO  MANY 0.87 TOO  MANY 0.92 1.12 2.57 0.91 -0.57 -1.74 VARIATION TOO HIGH 3.17 VARIATION TOO HIGH VARIATION TOO HIGH


PT176 -0.13 -0.04 0.04 -0.14 0.15 0.36 RESULTS BELOW LOQ 0.27 RESULTS BELOW LOQ 0.48 RESULTS BELOW LOQ -0.23 RESULTS BELOW LOQ -0.05 0.47 -0.19 -0.50 -0.22 0.27 -0.98


PT177 -0.23 -0.14 -0.03 -0.37 -0.11 0.18 0.60 0.39 -0.81 -0.59 0.18 -0.34 -1.11 -0.92 0.35 -0.80


PT178 1.20 1.26 1.40 1.66 2.07 2.40 4.71 0.02 1.71 -0.05 2.49 3.39 0.73 0.36 1.48 -1.44


PT179 -1.31 -1.45 -1.58 -0.84 -1.13 -1.26 -1.51 -2.90 -1.78 -0.11 -0.20 0.35 -1.54 -2.15 -1.94 -2.04


PT180 -0.05 0.00 0.04 -0.41 -0.33 -0.21 -0.23 -0.25 0.10 -0.24 -0.34 -0.16 -0.50 -0.22 -0.13 -0.52


PT181 1.05 1.05 1.13 2.42 2.77 2.99 2.04 1.39 -0.52 1.05 1.03 1.71 -0.44 0.36 4.55 0.31


PT182


PT184 0.10 0.16 0.27 -0.44 -0.22 0.03 0.38 -0.13 -1.79 -0.31 0.16 -0.45 -1.38 -0.65 -0.71 -2.01


PT185 -1.26 -1.54 -1.84 -0.09 -0.93 -1.76 -1.40 -0.44 7.20 -1.44 -1.55 -1.71 1.34 5.04 3.90 19.31


PT186 -0.38 0.10 -1.40 0.02 0.10 0.20 -0.88 0.57 1.95 1.53 0.27 2.25


PT187 1.24 1.15 1.18 0.46 0.36 0.36 0.82 -0.44 -1.52 0.62 -1.10 1.00 -1.11 0.95 -1.74 -1.44


PT188 -0.05 -0.21 -0.34 -0.73 -0.85 -0.93 0.27 -0.89 -0.55 -0.78 -1.32 -1.28 0.11 -0.22 -1.74 -1.44


PT189


PT190 -0.40 -0.44 -0.46 -0.86 -0.98 -1.04 -0.62 0.25 2.36 -0.75 -0.85 -1.20 -0.75 -1.39 -1.74 5.47


PT191


Labcode [24] WHO-PCB-TEQ ub [25] WHO-PCB-TEQ mb [26] WHO-PCB-TEQ lb [27] PCB 105 [28] PCB 114 [29] PCB 118 [30] PCB 123 [31] PCB 156 [32] PCB 157 [33] PCB 167 [34] PCB 189 [35] PCB 77 [36] PCB 81 [37] PCB 126 [38] PCB 169 


ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg  ng/kg ng/kg ng/kg ng/kg


Consensus value 0.76 0.76 0.74 346 21.9 1028 18 90 27 66 9.1 19.9 1.26 6.3 1.6


robust standard deviation 0.08 0.09 0.12 27 3.4 108 7.7 10.3 2.8 13.9 1.2 2.88 0.54 1.20 0.40


uncertainty (u) 0.03 0.03 0.04 8.4 1.1 34 2.4 3.2 0.9 4.3 0.4 0.90 0.17 0.37 0.12


target standard deviation 0.17 0.17 0.16 65 4.8 164 3.9 19.9 5.9 14.6 2.0 4.39 0.28 1.39 0.34


uncertainty taken into account? NO NO NO NO NO NO YES NO NO NO NO NO YES NO YES


PT172 0.01 -0.32 -0.54 -0.22 -0.38 -0.17 -1.12 -0.05 -0.07 -0.92 -0.67 -0.67 -1.49 -0.20 5.29


PT173 -2.31 -2.31 -2.25 -0.03 1.66 -0.26 0.51 0.41 -0.23 0.09 -0.57 0.59 -0.09 -2.46 -1.39


PT174 0.44 0.44 0.57 0.28 0.55 0.92 -1.08 0.35 0.43 0.31 -0.20 0.78 -0.76 0.61 0.87


PT175 0.32 0.31 0.43 0.77 0.33 -0.55 5.71 0.69 0.48 0.52 0.86 -0.62 -0.18 0.52 0.55


PT176 -0.22 -0.22 -0.11 0.07 1.67 0.50 -1.82 0.10 -0.14 -0.20 0.17 0.31 -0.50 -0.09 0.10


PT177 -0.23 -0.24 -0.13 -0.31 -0.52 -0.30 -1.34 -0.07 -0.15 -0.51 -0.26 -0.15 -0.68 -0.01 -0.83


PT178 0.79 0.79 0.92 0.96 3.42 1.09 -0.23 0.99 0.70 0.29 0.82 0.81 0.77 0.99 0.92


PT179 -1.66 -1.78 -1.84 0.50 -0.09 0.23 -1.77 -3.22 -0.44 -1.11 -0.03 -0.49 16.47 -1.74 -0.72


PT180 0.10 0.09 0.21 0.07 -0.34 0.25 -1.67 -0.43 -0.46 0.32 -0.40 -0.08 -0.44 0.29 -0.01


PT181 0.10 0.07 0.15 -1.77 -2.62 -1.81 54.9 0.34 0.55 1.14 0.36 -0.53 0.74 -0.02 3.77


PT182


PT184 0.32 0.32 0.44 0.24 -0.12 0.81 0.69 0.26 -0.03 -0.12 -0.30 0.07 -2.10 0.58 -0.58


PT185 -2.03 -2.03 -1.97 -0.37 -1.75 -0.92 32.3 -0.29 -1.35 -0.82 -0.71 -0.74 -3.12 -2.07 -1.98


PT186 -0.75 -0.20 -0.07 0.23 0.39 -3.25 5.53 1.77 -0.48 -0.34 -0.74 -0.69 -0.25


PT187 1.59 1.58 1.74 0.10 0.64 0.05 4.36 0.03 0.19 1.68 0.47 2.02 1.94 2.10 -0.34


PT188 0.26 0.08 0.01 -0.22 -0.09 -0.07 -0.15 -0.23 -0.29 -0.98 0.47 0.51 2.28 0.41 1.19


PT189


PT190 -0.21 -0.23 -0.12 -0.75 -0.39 -0.69 -0.65 -0.34 -0.31 -0.77 0.47 -0.33 26.96 0.01 -0.64


PT191


Labcode [39] Sum NDL-PCB ub [40] Sum NDL-PCB mb [41] Sum NDL-PCB lb [42] PCB 28 [43] PCB 52 ug/kg [44] PCB 101 [45] PCB 138 [46] PCB 153 [47] PCB 180


ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg


Consensus value 24 24 23.51 0.40 0.93 1.64 1.66 18.71 0.62


robust standard deviation 2.57 2.79 3.01 0.11 0.11 0.15 0.28 2.61 0.09


uncertainty (u) 0.76 0.85 0.91 0.03 0.03 0.04 0.08 0.77 0.03


target standard deviation 5.2 5.2 5.17 0.09 0.20 0.36 0.37 4.12 0.14


uncertainty taken into account? NO NO NO YES NO NO NO NO NO


PT172 0.22 0.22 0.25 -1.17 -0.55 -0.20 -0.61 0.34 -0.31


PT173 0.03 0.04 0.06 -0.14 -0.33 0.05 -0.05 -0.01 -0.13


PT174 0.59 0.60 0.63 -0.06 0.36 0.67 0.04 0.59 0.31


PT175 0.12 0.12 0.15 6.38 0.35 0.22 -0.04 0.53 2.84


PT176 -0.51 -0.51 -0.49 -0.97 -0.29 -0.48 -0.83 -0.54 -0.63


PT177 -0.11 -0.10 -0.08 -0.30 0.18 0.16 -0.26 -0.20 -0.48


PT178 -4.54 -4.54 -4.54 -0.13 0.49 0.46 0.48 0.46 0.33


PT179 -0.32 -0.32 -0.29 -0.97 -0.19 -0.09 42.23 -4.23 -0.48


PT180 0.22 0.22 0.25 -0.79 0.49 0.16 -0.37 0.22 -0.15


PT181


PT182 1.47 1.39 1.32 6.38 4.50 4.11 2.12 0.78 3.06


PT184 0.52 0.52 0.55 -0.98 0.40 -0.25 -0.68 0.64 0.79


PT185 0.62 0.62 0.65 5.52 -0.14 0.05 0.94 0.51 -0.19


PT186 -0.13 1.06 -1.12 -0.40 -0.45 -0.12 -0.12


PT187 -0.44 -0.43 -0.41 -0.89 -0.16 -0.27 40.93 -4.21 -0.20


PT188 0.15 0.15 0.18 -0.97 -0.29 -0.43 -0.42 0.21 0.33


PT189 -0.01 -0.20 -0.37 6.38 0.84 0.71 1.46 -0.54 2.84


PT190 -0.84 -0.84 -0.82 -0.65 -0.44 -0.34 -0.87 -0.97 -0.94


PT191 -0.28 -0.28 -0.25 1.37 -0.58 -0.31 -0.45 -0.34 -0.56





z-scores material B.pdf




z-scores for material C


Labcode [01]  WHO-PCDD/F-PCB-TEQ ub [02]  WHO-PCDD/F-PCB-TEQ mb [03]  WHO-PCDD/F-PCB-TEQ lb [04] WHO-PCDD/F-TEQ ub [05] WHO-PCDD/F-TEQ mb [06] WHO-PCDD/F-TEQ lb [07] 2,3,7,8-TCDD [08] 1,2,3,7,8-PeCDD [09] 1,2,3,4,7,8-HxCDD [10] 1,2,3,6,7,8-HxCDD [11] 1,2,3,7,8,9-HxCDD [12] 1,2,3,4,6,7,8-HpCDD [13] 1,2,3,4,6,7,8,9-OCDD [14] 2,3,7,8-TCDF [15] 1,2,3,7,8-PeCDF [16] 2,3,4,7,8-PeCDF [17] 1,2,3,4,7,8-HxCDF [18] 1,2,3,6,7,8-HxCDF [19] 2,3,4,6,7,8-HxCDF [20] 1,2,3,7,8,9-HxCDF [21] 1,2,3,4,6,7,8-HpCDF [22] 1,2,3,4,7,8,9-HpCDF [23] 1,2,3,4,6,7,8,9-OCDF 


ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg


Consensus value 0.89 0.87 0.85 0.53 0.51 0.50 0.05 0.11 0.18 0.25 0.31 4.13 21 0.40 0.20 0.27 0.27 0.22 0.26 4.86 0.13 4.50


robust standard deviation 0.11 0.10 0.12 0.09 0.12 0.11 0.01 0.04 0.05 0.05 0.07 0.57 2.05 0.11 0.05 0.05 0.04 0.03 0.07 0.74 0.04 0.77


uncertainty (u) 0.04 0.03 0.04 0.03 0.04 0.04 0.00 0.01 0.01 0.02 0.02 0.18 0.64 0.03 0.02 0.02 0.01 0.01 0.02 0.23 0.01 0.24


target standard deviation 0.20 0.19 0.19 0.12 0.11 0.11 0.01 0.03 0.04 0.06 0.07 0.91 4.70 0.09 0.04 0.06 0.06 0.05 0.06 1.07 0.03 0.99


uncertainty taken into account? NO NO NO NO YES YES YES YES YES YES YES NO NO YES YES NO NO NO YES NO YES NO


PT172 0.02 -0.33 -0.67 -0.09 -0.26 -0.42 0.53 -0.37 -0.67 -0.11 -1.96 -0.26 -0.08 -0.22 0.75 0.07 -0.37 -0.14 -0.66 NO STATISTICAL -0.21 -0.21 -0.13


PT173 0.63 0.68 0.78 1.31 1.37 1.53 0.34 0.61 0.47 1.36 1.40 1.33 0.96 3.16 1.14 0.68 1.92 2.14 0.52 EVALUTION POSSIBLE 1.11 1.09 0.71


PT174 -0.42 -0.34 -0.22 -0.48 -0.35 -0.23 0.87 -0.39 -0.96 -0.48 -0.48 -1.11 -1.40 -1.31 -0.24 -0.92 -0.78 -0.65 -0.39 -0.92 -1.09 -0.46


PT175 0.57 0.46 0.39 0.79 0.68 0.64 -0.79 1.49 1.58 -0.42 0.72 0.43 0.23 1.18 1.48 -0.03 0.23 1.19 0.59 TOO  MANY 0.33 -0.02 0.65


PT176 0.17 0.25 0.39 0.55 0.65 0.81 -0.79 1.24 0.18 0.43 0.05 0.25 -0.18 0.76 -0.46 -0.13 1.13 0.09 1.33 RESULTS BELOW LOQ -0.29 -0.09 0.43


PT177 0.19 0.27 0.40 0.52 0.61 0.76 0.53 0.26 0.51 0.86 0.37 0.49 0.24 -0.25 -0.44 0.54 0.25 0.28 0.26 0.64 -0.05 0.11


PT178 -0.33 -0.34 -0.30 -0.90 -0.76 -0.65 -3.71 -3.57 -0.99 0.60 0.62 0.31 -0.04 0.76 -0.03 0.88 0.13 -0.12 1.08 0.14 0.23 0.09


PT179 -1.01 -1.94 -2.94 -0.92 -1.37 -1.97 -1.32 -1.78 -1.70 -2.30 2.47 -0.14 -0.02 0.34 1.03 -3.85 0.96 -3.47 2.32 0.70 0.23 -2.52


PT180 -0.18 -0.11 0.02 0.25 0.36 0.49 -0.26 1.21 -0.46 -0.73 -0.37 -0.39 -0.27 -0.40 0.05 0.02 0.20 0.14 -0.71 -0.34 -1.36 -0.09


PT181 2.25 2.33 2.49 3.75 3.77 4.02 12.53 3.24 0.79 2.09 1.53 1.72 1.09 1.05 0.97 2.97 4.80 0.47 4.88 0.63 3.31 3.63


PT182


PT184 0.54 0.50 0.50 0.00 -0.04 -0.06 -1.14 0.37 -0.29 0.37 -0.08 0.14 0.35 -0.41 0.38 -0.46 -0.33 -0.42 -1.01 0.33 -0.64 0.26


PT185 -1.46 -1.87 -2.28 -0.97 -1.59 -2.28 3.62 -0.86 1.82 -2.47 -1.22 -2.55 -0.44 -3.28 -2.38 -2.34 -1.04 -2.23 -2.28 -1.07 2.45 -0.75


PT186 -0.45 -0.23 0.09 -1.92 0.41 -0.08 -0.94 0.16 0.79 -0.09 -1.31 0.54 -0.37 0.52 -0.48 0.03 -0.09 2.78


PT187 0.17 0.10 0.12 -0.48 -0.53 -0.67 0.09 -0.53 -0.59 -0.37 -1.09 -0.93 0.87 -1.10 0.88 -0.71 -0.12 0.35 -0.53 -1.04 -0.91


PT188 0.18 -0.02 -0.20 0.13 0.03 -0.05 0.09 0.19 1.11 -0.25 -0.09 0.00 0.00 -1.37 -0.03 -0.13 -0.54 0.09 -0.64 0.22 -1.99 -0.51


PT189


PT190 -0.24 -0.35 -0.44 -0.24 -0.32 -0.39 0.09 -0.16 -0.99 0.77 -0.37 -0.52 -0.23 -0.94 -0.67 -0.64 -0.21 -0.12 -3.11 -0.79 2.14 -0.48


PT191


Labcode [24] WHO-PCB-TEQ ub [25] WHO-PCB-TEQ mb [26] WHO-PCB-TEQ lb [27] PCB 105 [28] PCB 114 [29] PCB 118 [30] PCB 123 [31] PCB 156 [32] PCB 157 [33] PCB 167 [34] PCB 189 [35] PCB 77 [36] PCB 81 [37] PCB 126 [38] PCB 169 


ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg ng/kg  ng/kg ng/kg ng/kg ng/kg


Consensus value 0.35 0.34 0.33 141 9.2 482 115 14.3 62 13 22.5 2.9


robust standard deviation 0.06 0.04 0.04 16.3 2.6 48 17.2 2.5 10.8 2.6 3.38 0.48


uncertainty (u) 0.02 0.01 0.01 5.1 0.8 15.1 5.4 0.8 3.4 0.8 1.06 0.15


target standard deviation 0.08 0.07 0.07 30.3 2 86 25.4 3.2 14 2.8 4.95 0.64


uncertainty taken into account? NO NO NO NO YES NO NO NO NO NO NO NO


PT172 0.39 -0.17 -0.74 -0.10 -0.90 0.86 NO STATISTICAL -0.09 -0.07 -0.93 -0.74 -0.20 NO STATISTICAL -0.69 NO STATISTICAL


PT173 -0.19 -0.16 -0.12 1.06 -0.59 0.33 EVALUTION POSSIBLE -0.11 0.76 -0.01 0.51 0.33 EVALUTION POSSIBLE 0.03 EVALUTION POSSIBLE


PT174 -0.18 -0.05 0.09 -0.75 -0.81 -0.39 -0.51 -0.54 -0.70 -0.61 -0.13 0.02


PT175 0.43 0.36 0.31 0.65 -3.99 -0.57 VARIATION TOO HIGH 0.68 1.49 0.57 0.82 -0.60 TOO  MANY 0.52 TOO  MANY


PT176 -0.24 -0.12 0.02 0.06 1.27 0.36 0.34 -1.37 -0.20 -0.24 0.51 RESULTS BELOW LOQ 0.02 RESULTS BELOW LOQ


PT177 -0.14 -0.01 0.13 -0.27 -0.52 -0.14 -0.17 -0.30 0.38 0.19 -0.10 0.24


PT178 0.67 0.62 0.57 1.22 1.14 0.49 1.13 0.78 0.99 0.34 0.75 0.77


PT179 -1.02 -2.53 -4.20 -0.49 0.22 0.40 -4.04 -0.42 -0.73 0.84 0.91 -1.68


PT180 -0.68 -0.58 -0.45 -0.30 -1.19 -0.09 -0.57 -0.68 0.41 -0.96 -0.36 -0.44


PT181 0.23 0.27 0.32 0.14 0.13 -1.17 0.81 1.09 0.13 4.04 -0.61 0.17


PT182


PT184 1.53 1.60 1.70 0.13 -0.09 0.60 -0.02 -0.39 -0.22 -0.32 0.01 2.11


PT185 -2.09 -2.02 -1.95 -0.47 -0.92 -0.84 0.02 -0.69 -0.83 -0.98 -0.90 -2.06


PT186 -0.63 -0.24 1.55 0.00 -4.10 8.93 4.72 -0.96 -0.74 -0.74


PT187 1.32 1.49 1.68 0.13 0.36 -0.01 0.30 -0.10 -0.43 0.12 1.04 1.84


PT188 0.46 0.20 -0.08 0.49 13.96 0.14 0.74 8.78 1.37 131.87 0.51 0.02


PT189


PT190 -0.07 -0.13 -0.20 -0.45 0.36 -0.29 -0.32 -0.55 -0.58 -0.66 -0.33 0.00


PT191


Labcode [39] Sum NDL-PCB ub [40] Sum NDL-PCB mb [41] Sum NDL-PCB lb [42] PCB 28 [43] PCB 52 ug/kg [44] PCB 101 [45] PCB 138 [46] PCB 153 [47] PCB 180


ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg


Consensus value 8.77 8.70 8.59 0.68 0.55 1.43 1.60 3.62 0.93


robust standard deviation 1.02 0.92 1.10 0.14 0.07 0.12 0.21 0.46 0.14


uncertainty (u) 0.32 0.30 0.35 0.04 0.02 0.04 0.07 0.14 0.04


target standard deviation 1.93 1.91 1.89 0.15 0.12 0.32 0.35 0.80 0.20


uncertainty taken into account? NO NO NO NO NO NO NO NO NO


PT172 0.23 0.26 0.33 -1.01 -0.57 0.44 1.23 0.06 0.05


PT173 -0.04 0.00 0.06 -0.02 -0.18 0.01 -0.06 0.00 -0.27


PT174 0.54 0.58 0.65 0.64 0.93 0.53 -0.01 0.65 0.64


PT175 -0.40 -0.37 -0.32 -1.21 -0.41 0.23 0.29 0.17 0.54


PT176 -0.50 -0.47 -0.42 -0.27 -0.08 -0.42 -0.56 -0.65 -0.38


PT177 -0.04 -0.01 0.05 0.07 0.24 0.09 -0.13 -0.10 -0.28


PT178 0.74 0.78 0.85 1.12 0.52 0.18 2.60 0.39 0.46


PT179


PT180 -0.17 -0.13 -0.07 -0.76 0.15 -0.26 -0.42 -0.02 -0.05


PT181


PT182


PT184 -0.05 -0.01 0.04 -0.37 0.03 -0.27 -0.63 0.04 1.00


PT185 -0.56 -0.53 -0.48 2.60 -0.66 -0.01 2.83 -2.53 -1.95


PT186 -0.04 3.47 -0.41 -0.42 -0.28 -0.40 -0.13


PT187 -0.34 -0.30 -0.25 -0.66 0.00 -0.15 -0.53 -0.47 0.11


PT188 0.12 0.16 0.22 -0.54 -0.08 -0.01 -0.10 0.38 0.12


PT189 2.76 0.21 -2.38 8.81 12.01 1.80 1.15 0.61 5.27


PT190 -0.81 -0.78 -0.73 0.33 -0.90 -1.93 -0.59 -0.67 -0.81


PT191 7.16 7.26 7.41 -0.47 1.66 0.06 -0.10 17.89 -2.88
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Graphs material A.pdf




 


 


 


 







 


 


 


 







 


 


 


 


 







 


 


 


 







 


 


 


 







 


 


 


 







 


 


 


 







 


 


 


 


 







 


 


 


 







 


 


 


 





Graphs material B.pdf
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Table 4 Overview performance, number of │z-scores│ >2. 

*WHO-PCDD/F-PCB, WHO-PCDD/F-TEQ, WHO-PCB-TEQ, sum NDL-PCB 

 
 
A total of 193 z-scores > |2| was reported on a total of 2091 z-scores (9%). For material A 53  
z-scores > |2| were reported (6%), for material B 72 (10%) and for material C 68 (9%). For 
upperbound sum-values (WHO-PCDD/F-PCB, WHO-PCDD/F-TEQ, WHO-PCB-TEQ and sum NDL-PCB) 1, 
4 and 5 z-scores > |2| were reported for materials A, B and C respectively.  
 
In Table 5 the consensus values are presented.  
 
 

Table 5 Consensus values. 

 Material A Material B Material C 

Dioxins in pg TEQ/g 1.34 0.45 0.53 

Dioxin-like PCBs in pg TEQ/g 0.36 0.76 0.35 

Dioxins and dioxin-like PCBs in pg TEQ/g 1.69 1.19 0.89 

Non-dioxin-like PCBs in ng/g 9.0 24 8.8 

 
 
The results for the number of exceedings of the maximum level and/or action threshold (Table 1) 
based on the consensus values for each material reported by the participants are shown in Table 6.  
 
 

Table 6 Maximum level and action thresholds exceeded, based on consensus values. 

 Material A Material B Material C 

Compound Maximum 
level 

exceeded? 

Action 
threshold 
exceeded? 

Maximum 
level 

exceeded? 

Action 
threshold 
exceeded? 

Maximum 
level 

exceeded? 

Action 
threshold 
exceeded? 

Dioxins  yes yes no no no yes 

Dioxin-like PCBs   no  yes  no 

Dioxins and dioxin-like PCBs  yes  no  no  

Non-dioxin-like PCBs no  yes  no  

 

 Material A Material B Material C 

Lab sum-values* individual 
compounds 

sum-values* Individual 
compounds 

sum-values* Individual 
Compounds 

PT172  3  7   

PT173   3 1  2 

PT174    1   

PT175    5   

PT176  1     

PT177       

PT178  1 5 4  3 

PT179  7  7 3 7 

PT180       

PT181 6 18 3 5 6 9 

PT182  1  5   

PT184    2  1 

PT185  8 2 8 4 13 

PT186  3  3  5 

PT187  2  5   

PT188    1  3 

PT189    2 2 3 

PT190  3  3  2 

PT191     3 2 
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The conclusions from the participants regarding exceedings of the maximum limits and/or action 
thresholds are presented in Table 7. Results must be reported according to Commission Regulation 
152/2009 [13]. The green and red numbers in Table 7 below are based on the consensus values, not 
on the individual upperbound concentrations. Not all participants answered these questions in the 
webapplication.  
 

Explanation for dioxins in material A: 11 participants correctly (green) reported the 
exceeding of the maximum level for dioxins in material A and 2 participants incorrectly 
(red) reported the exceeding of the maximum level for dioxins.  

 
Please note: Numbers in red do not indicate that individual participants wrongfully reported a sample 
compliant or non compliant. For example: the consensus value for dioxins in material C is 0.53 pg 
TEQ/g, which is close to the action threshold of 0.50 pg TEQ/g. Some participants reported results 
below 0.50 pg TEQ/g, some above. However, in some cases participants truly reported incorrect 
results related to the (non)-compliancy of the sample. 
 
 

Table 7 Conclusions from participants about exceeding maximum level and action threshold. 

# labs Material A Material B Material B 

 Maximum 
level 

exceeded? 

Action 
threshold 
exceeded? 

Maximum 
level 

exceeded? 

Action 
threshold 
exceeded? 

Maximum 
level 

exceeded? 

Action 
threshold 
exceeded? 

Dioxins in pg TEQ/g       

yes 11 10 - 1 0 3 

no 2 2 13 12 13 10 

Dioxin-like PCBs        

yes  1  9  0 

no  11  3  12 

Dioxins and dioxin-like PCBs        

yes 6  1  0  

no 7  12  13  

Non-dioxin-like PCBs       

yes 1  11  1  

no 13  3  11  
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5 Conclusions 

Based on the results of this proficiency test it can be concluded that: 
 
• Of a possible 2091 z-scores 193 results were questionable/unsatisfactory (9%), of which 53 (6%) in 

material A, 72 (10%) in material B and 68 (9%) in material C. 
 
• For the dioxins 11% of all results was questionable/unsatisfactory, for dl-PCBs 8% and for ndl-PCBs 

8%. 
 
• All congeneners of material A could be statistically evaluated, 28 out of 35 congeners in material B 

could be evaluated and 31 out of 35 for material C.  
 
• Two (PT177 and PT180) out of 19 participants reported satisfactory results for all values (sum-

values and individual compounds). 
 
• Another ten participants (PT172, PT174, PT175, PT176, PT182, PT184, PT186, PT187, PT188 and 

PT190) reported satisfactory results for the sum-values. 
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 Codification of the samples 

Lab number Material A* Material B* Material C* 

PT172 937 963 134 

PT173 917 194 557 

PT174 296 195 742 

PT175 627 696 967 

PT176 743 559 828 

PT177 425 111 860 

PT178 489 100 314 

PT179 527 801 993 

PT180 899 323 717 

PT181 584 637 624 

PT182 465 574 938 

PT183 367 671 558 

PT184 915 420 428 

PT185 487 702 486 

PT186 112 300 686 

PT187 526 551 565 

PT188 746 525 202 

PT189 161 920 776 

PT190 874 845 595 

PT191 694 398 521 

*  All sample codes start with DIOX/2018/feed oil/ 
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 Statistical evaluation of 
homogeneity data 

 PCB 153 in material A (µg/kg) 
Sample number Replicate 1 Replicate 2 

Hom/A001 5.1 4.9 

Hom/A002 4.8 5.0 

Hom/A003 outlier outlier 

Hom/A004 5.1 5.0 

Hom/A005 5.0 5.0 

Hom/A006 5.0 4.9 

Hom/A007 5.1 5.0 

Hom/A008 5.1 5.0 

Hom/A009 5.0 4.8 

Hom/A010 5.0 4.9 

Grand mean 5.0  

Cochran’s test  

C 0.313  

Ccrit 0.638  

C<Ccrit? NO OUTLIERS  

Target s = σP Horwitz: 1.10  

sx 0.06  

sw 0.09  

ss 0.00  

Critial = 0.3σP 0.33  

ss<critical? ACCEPTED  

sw<0.5σP? ACCEPTED  

 
 
 PCB 153 in material B (µg/kg) 

Sample number Replicate 1 Replicate 2 

Hom/B001 20.1 20.2 

Hom/B002 19.9 20.1 

Hom/B003 20.1 19.1 

Hom/B004 20.2 20.2 

Hom/B005 19.8 19.6 

Hom/B006 20.4 20.0 

Hom/B007 20.9 20.3 

Hom/B008 20.5 19.7 

Hom/B009 19.9 19.9 

Hom/B010 21.0 20.2 

Grand mean 20.1  

Cochran’s test  

C 0.346  

Ccrit 0.602  

C<Ccrit? NO OUTLIERS  

Target s = σP Horwitz: 4.42  

sx 0.33  

sw 0.38  

ss 0.19  

Critial = 0.3σP 1.33  

ss<critical? ACCEPTED  

sw<0.5σP? ACCEPTED  
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 PCB 153 in material C (µg/kg) 

Sample number Replicate 1 Replicate 2 

Hom/C001 4.3 4.2 

Hom/C002 4.1 4.4 

Hom/C003 4.4 4.4 

Hom/C004 4.3 4.3 

Hom/C005 4.6 4.4 

Hom/C006 4.2 4.3 

Hom/C007 4.3 4.4 

Hom/C008 4.4 4.4 

Hom/C009 4.3 4.3 

Hom/C010 4.2 4.3 

Grand mean 4.3  

Cochran’s test  

C 0.543  

Ccrit 0.602  

C<Ccrit? NO OUTLIERS  

Target s = σP Horwitz: 0.95  

sx 0.07  

sw 0.10  

ss 0.00  

Critial = 0.3σP 0.28  

ss<critical? ACCEPTED  

sw<0.5σP? ACCEPTED  

sx = standard deviation of the sample averages. 

sw = within-sample standard deviation. 

ss  = between-sample standard deviation. 
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 Instruction letter 
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 Overview of the applied methods for dioxins and (non)dioxin-
like PCBs 

Lab Sample purificiation Internal standard Detection method 
PT172 dilution in Hexane, cleanup with H2SO4-silica column, fractionation in PCDDF and PCB with Alox, cleanup of PCDDF with florisil 13C for each compound GC-HRMS 

PT173 cold extraction, clean up with silica gel, fractionation to aluminium oxide isotopic marked 13C12-standard HRGC/HRMS 

PT174 - Silica/sulfuric acid column - Florisil column (NDL-PCB) - Alumina column - Carbon column PCDD/F: 15 labeled internal standard 

2 labeled recovery standard EPA 

1613 DL-PCB: 12 labeled internal 

standard 3 labeled recovery standard 

EPA 1668 NDL-PCB: 6 labeled 

internal standard 1 labeled recovery 

standa 

GC-MS PCDD/F-DL-PCB: 

GC inj: splitless Injected 

vol: 2 µL GC 

Separation:DB-5ms 

Detector: HRMS GC-MS 

NDL-PCBs: GC inj: splitless 

Injected vol: 1 µL GC 

Separation:DB-XLB 

Detector: HRMS 

PT175 soxtherm and Miura clean-up system Yes, all compounds labeled. GC-HRMS 

PT176 Extraction: dissolved in organic solvent Clean-up: - GPC -Silica sulphuric acid column - Florisil column - Carbon column Isotope dilution 13C-labelled internal 

standards for all relevant congeners 

GC-HRMS  

PT177 clean up: 3 columns: sulphuric acid, Alox and active carbon 13C labelled internal standard for 

each congener 

HRGC-HRMS 

PT178 L/L, NP-Coloum isoptope-marked HR-GC/MS 

PT179 Hot extraction method (twisselman method) Clean-up: Automatic Power-prep system for clean-up of samples labelled Mixture of Dioxins/Furans, 

DL-PCB and NDL-PCB 

HRGC-HRMS (isotope 

dilution Method) 

PT180 No extraction First Silica:H2SO4-treatment. Followed by PowerPrep (Mulitlayer silica, alumina and carbon).For DF and noPCB-

fraction followed by an additional small multilayer silica column 

13C-labelled analogues HRGC-HMRS 

PT181    

PT182 Dissolve in Cycloexane/Ethyl Acetate, gel permeation chromatography, removal of solvent, dissolve in Hexane, column 

chromatography, removal of solvent, dissolv for detection 

13C-PCB-28, 13C-PCB-52, 13C-PCB-

101, 13C-PCB-138, 13C-PCB-153, 

13C-PCB-180 

GC-MS 

PT183    

PT184    
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Lab Sample purificiation Internal standard Detection method 
PT185 No extraction was needed. Clean-up for PCDD/Fs and non-ortho PCBs: Carbon column and acid silica/alumina column Clean-up for 

mono-ortho and indicator PCBS: Acid silica column and acid silica/alumina column 

Toluene solutions containing a 

mixture of the 13C12 isomers of all 

the 17 PCDD/F congeners except 

OCDF, the four 13C12 non-ortho 

PCBs, the eight 13C12 mono-ortho 

PCBs and 13C12 PCB 52 and 101 for 

indicator PCBs 

GC-HRMS Spectrometry 

PT186    

PT187 Powerprep Cleanup 13Clabelled GCHRMS 

PT188 Automatic clean-up 13C isoptopes HRMS-HRGCMS 

PT189 Extraction accord. to EURL-FV method EURL-FV (2012-M6)for pesticides in olive oil 1,5g of oil - Addition of Hexane and ACN clean-

up using C18 SPE cartridge or Zsep+  

triphenylphosphate (TPP) GC-MS/MS 

PT190 Silicagel impregnated with sulfuric acid, alox, activated charcoal C-13 labeled for each component GCHRMS 

PT191 clean up : acid silica/aluminium oxide/Na2SO4 PCB155 GCMS 
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