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Summary 

European Commission Mandate M/523 called for the standardisation for a method for the 
pentachlorophenol (PCP) analysis in compound feed and feed materials (including guar gum and fatty 
acid distillates). WFSR (at that time RIKILT) Wageningen University & Research was requested by the 
European Committee for Standardization (CEN) to develop the standard. An LC-MS/MS method was 
developed for the determination of PCP in compound feed, guar gum and fatty acid distillates with a 
limit of quantitation of 10 µg/kg. For the developed standard a collaborative trial was organised 
between February and April 2018 for the validation of the standard. 
 
Twenty-one laboratories subscribed for participation in this test and sixteen reported results. The 
analysis of PCP in these matrices showed HorRat values from 0.39 to 2.21. The analysis of PCP in Feed 
2 resulted in a HorRat value above the accepted value of 2 (2.21) while the analysis of PCP in the 
other samples resulted in HorRat values below the accepted value of 2. The presence of possible 
interferences in Feed 2 could have impacted the results submitted by the participants, although this 
was not observed during homogeneity testing. Overall, it can be concluded that the prescribed method 
‘CEN/TC 327 for the determination of PCP in feed materials and compound feed by LC-MS/MS’ is  
fit-for-purpose.  
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1 Introduction 

European Commission Mandate M/523 called for the standardisation for a method for the 
pentachlorophenol (PCP) analysis in compound feed and feed materials (including guar gum and fatty 
acid distillates). WFSR (at that time RIKILT) Wageningen University & Research was requested by the 
European Committee for Standardization (CEN) to develop the standard. An LC-MS/MS method was 
developed for the determination of PCP in compound feed, guar gum and fatty acid distillates with a 
limit of quantitation of 10 µg/kg. For the developed standard a collaborative trial was organised 
between February and April 2018 for the validation of the standard. We here report on the results of 
this collaborative trial. 
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2 Participants 

Twenty-one laboratories registered for participation in the validation study. Fourteen of them are 
situated in Europe, six in Asia and one in North America. Sixteen of these submitted results; some 
labs did not get the samples through customs clearance, others were unable to report results. 
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3 Design of the study 

3.1 Sample preparation 

Five samples (Table 1) were prepared: two feed samples, one guar gum sample and two fatty acid 
distillate (FAD) samples. The samples were prepared by RIKILT Wageningen University & Research, 
The Netherlands. The feed and FAD samples were compiled from different ingredients; the guar gum 
was one batch, received as an import sample. Because none of the samples contained any ‘natural’ 
contamination with pentachlorophenol the samples were fortified at the desired levels. The ingredients 
together with the pentachlorophenol solution were mixed thoroughly and the 5 samples were stored in 
suitable containers. The codes and aimed levels of the materials are presented in Table 1.  
 
 
Table 1  Samples of the method validation study 

Material Code Aimed level (µg/kg) 

Compound feed 1 A and B 8 

Compound feed 2 C and D 13 

Guar gum E and F 15 

Fatty acid distillate 1 G and H 10 

Fatty acid distillate 2 I and J 20 

 

3.2 Sample identification 

After homogenization, the feed materials were divided into sub-portions of 6 gram and the guar gum 
and FAD samples into portions of 3 gram. The samples for the participants were randomly coded by a 
web application (Annex 1). Per material 10 randomly taken samples were used for homogeneity 
testing. 

3.3 Homogeneity study 

The homogeneity of all materials was tested according to The International Harmonized Protocol for 
Proficiency Testing of Analytical Laboratories and ISO 13528, taking into account the insights 
discussed by Thompson [1] regarding the Horwitz equation. Ten containers of each material were 
analysed in duplicate for PCP. The results are presented in Annex 2. All materials were considered as 
homogeneous after statistical evaluation. 

3.4 Sample distribution and instructions 

Each of the participating laboratories received a randomly assigned laboratory code, generated by a 
web application, designed for proficiency tests. The sample sets, consisting of ten coded samples (two 
samples of each material, Annex 1) and vials containing PCP and its 13C mass labelled analogue, were 
sent to the participating laboratories on February 19, 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 for reporting results.  
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The laboratories were asked to store the samples in the refrigerator until analysis. A single analysis of 
each sample was requested using the prescribed method ‘Determination of pentachlorophenol (PCP) in 
feed materials and compound feed by LC-MS/MS’ (Annex 4). The deadline for submitting the results 
was April 13, 2018, allowing 8 weeks for the analysis. 
 
Several laboratories reported about small modifications to the prescribed method. These were 
communicated with the expert beforehand or were reported with the submission of the results: 
 
PT092: different LC column and mobile phase were used compared to the prescribed method. The 
column used by the participant was a C18 column, only with different dimension (1.8um, 
150x2.1mm). The mobile phase contained ammonium acetate instead of ammonium formate as 
described in the method. Both changed were estimated to have no impact on the results of the 
participant. 
 
PT142: final extract were filtered using a 0.2 µm filter, this step was not included in the prescribed 
method. This additional step is estimated to have no impact on the results of the participant. 
 
PT143 & PT145: different LC-MS parameters were used compared to the prescribed method. As mass 
spectrometers were used from different companies, certain parameters need to be optimised and will 
therefore be different compared to the prescribed method. These changes were estimated to have no 
impact on the results from the participants. 
 
PT151: a different sample amount was analysed for the guar gum samples. The participant analysed 
the whole vial containing approximately 3 gram guar gum instead of the prescribed 1.0 gram. As the 
exact sample weight was not recorded by the participant, a concentration could not be calculated. The 
submitted results of the guar gum samples (reported as an amount) were therefore removed. 
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4 Statistical evaluation 

The main objective of this collaborative study is the validation of the new candidate CEN method for 
the determination of PCP in feed materials and compound feed.  
 
Statistical evaluation of the results was carried out according robust statistics according to ISO 5725 
[2]. As some participants submitted single values for a given sample and not duplicate values, these 
results were removed from the dataset prior to the statistical evaluation. In order to identify irregular 
data Mandel h and k plots were generated, and irregular data was removed from the dataset. After 
evaluation of the data, the HorRat (Horwitz ratio) is calculated. HorRat is described for evaluation of 
collaborative studies. The HorRat is the ratio of the reproducibility relative standard deviation 
(expressed as a percentage (RSDR %)) to the predicted reproducibility relative standard deviation 
(expressed as a percentage (RSDR %)): 
 

(%)PRSD
(%)RSDHorRat

R

R=  

The PRSDR (%) is calculated using the Horwitz equation. However, this equation is not applicable to 
the lower concentration range (<120 µg/kg) [1]. Therefore a PRSDR (%) of 22% is used in this study 
(corresponding to the value when 120 µg/kg is entered in the Horwitz equation). The acceptable value 
for the HorRat value is <2.0.  
 
An overview of the reported concentrations is presented in Annex 5, and results were excluded based 
on the Mandel h and k plots (Annex 6).  
 
The final results show HorRat values <2 for feed 1, guar gum and FAD 1 & 2 ranging from 0.39 in 
guar gum to 1.36 in FAD 1 (Table 2). For feed 2 an HorRat value 2.21 was obtained, and is therefore 
above the accepted value above 2. 
 
 
Table 2 PCP - Results summary of the collaborative trial 

Material name Feed 1 Feed 2 Guar gum FAD 1 FAD 2 

Analyte PCP PCP PCP PCP PCP 

Year of inter-laboratory study 2017/18 2017/18 2017/18 2017/18 2017/18 

Number of laboratories 13 14 14 13 14 

Number of samples 2 2 2 2 2 

Number of laboratories considered as non-compliant 1 1 0 1 2 

Number of accepted results 24 26 28 24 24 

Mean value, x a, μg/kg 8.4 12.8 14.6 12.2 23.5 

Repeatability standard deviation sr, μg/kg 0.7 2.9 1.0 2.7 3.6 

Repeatability relative standard deviation, RSDr, % 8.4 23.0 6.7 21.8 15.3 

Repeatability limit r [r = 2,8 x sr ], μg/kg  2.0 8.3 2.7 7.5 10.1 

Reproducibility standard deviation sR, μg/kg 2.1 6.2 1.3 3.6 3.6 

Reproducibility relative standard deviation, RSDR, % 24.6 48.7 8.7 29.9 15.3 

HorRat value 1.12 2.21 0.39 1.36 0.70 

Reproducibility limit R [R = 2,8 x sR], μg/kg 5.8 17.5 3.5 10.2 10.1 
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5 Conclusion 

Within this collaborative study for PCP in feed, guar gum and fatty acid distillate, the prescribed 
method was tested by sixteen laboratories worldwide. 
 
The analysis of PCP in these matrices showed HorRat values from 0.39 to 2.21. The analysis of PCP in 
Feed 2 resulted in a HorRat value above the accepted value of 2 (2.21). The grand mean for Feed 2 
was 12.8 µg/kg, whereas the performance in Feed 1, with a lower grand mean of 8.4 µg/kg, was 
satisfactory (HorRat value of 1.12). Feed 1 and 2 were composed of different compound feed samples. 
The presence of possible interferences in Feed 2 could have impacted the results submitted by the 
participants, although this was not observed during homogeneity testing. 
 
Overall, it can be concluded that the prescribed method ‘CEN/TC 327 for the determination of PCP in 
feed materials and compound feed by LC-MS/MS’ is fit-for-purpose.  
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