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Summary  
 
A Proficiency Test (PT) on the determination of zearalenone (ZEA) in wheat draff was 
conducted with 9 laboratories in Belgium, one of which provided two separate sets of results 
obtained with two different analytical methods. The sample was a certified reference material 
(naturally contaminated wheat draff, ref 31/106) purchased from Bipea. 
 
The assigned value (Xref = 98 µg/kg) and the standard uncertainty on this value (uref = 11 

µg/kg) were provided by Bipea. The standard deviation for proficiency assessment ( pσ  = 24.5 
µg/kg = 25%) was taken as half the tolerance chosen by Bipea, and is slightly higher than the 
standard deviation calculated using the modified Horwitz function (22%).  
 
The z-scores were satisfactory for 8 results (-2 < z < -2) and questionably low (-3 < z < -2) for 
the other two results.  
 
The zeta-scores were satisfactory for 7 results, but too low (-5.8 < zeta < -2.8) for the three 
lowest results. The main reason for the underestimations of uncertainty of measurement 
seems to be that (negative) biases had been underestimated (overestimation of IAC 
recovery). 
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Introduction  
 
Zearalenone is a white crystalline compound, insoluble in water but soluble in various organic 
solvents. This toxin is stable during storage as well as milling, processing and cooking of 
food. It does not degrade at high temperatures. 
  
Due to its structure, ZEA binds to mammalian oestrogen receptors. So ZEA induces 
oestrogenic effects on mammals and interferes with conception, ovulation, implantation, 
foetal development and viability. Beside its oestrogenic activity, ZEA also possesses anabolic 
activity. 
  
ZEA was also regarded as a causative agent in epidemics of premature thelarche in girls 
(Puerto-Rico, 1978 and 1981, South-eastern Hungary 1997) but there is a lack of adequate 
information. 
 
Occurrence :  Zearalenone is a mycotoxin produced by several field fungi of the genus 
Fusarium such as F.graminearum, culmorum, and cerealis. Those fungi infect cereals pre-
harvest in the fields during blooming. Growing and production of toxins may also occur post- 
harvest under poor storage conditions (moisture>22%).  
Because the spores of Fusarium are ubiquitous, cereals as barley, oats, wheat, rice, maize 
are susceptible to contamination with zearalenone. It occurs in both temperate and warmer 
climate zones.  
According to the ZEA levels found in feed, transmission of ZEA into tissues and milk of 
ruminants does not pose a significant health risk. Even with cows fed at a 165 mg/day intake, 
no detectable residues could be found in the milk. Because of the very high LD50, ZEA is 
more a fungal non steroidal hormone (oestrogen) than a direct mycotoxin. 
 
ZEA is regulated within the European union: 
 
Maximum levels in foodstuffs: wheat, durum wheat, oats, barley, maize, baby food... 
 
-(http://eur-ex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:364:0005:0024:EN:PDF) 
COMMISSION REGULATION (EC) No 1881/2006 of 19 December 2006 setting maximum 
levels for certain contaminants in foodstuffs 

Official Journal of the European Union, L 364/5-24, 20.12.2006 
 
- (http://eur-ex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:255:0014:0017:EN:PDF) 
COMMISSION REGULATION (EC) No 1126/2007 of 28 September 2007 amending 
Regulation (EC) No 1881/2006 setting maximum levels for certain contaminants in foodstuffs 
as regards Fusarium toxins in maize and maize products 

Official Journal of the European Union, L 255/14-17, 29.9.2007 
 
Maximum levels in animal feed 
 
-(http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:229:0007:0009:EN:PDF) 
COMMISSION RECOMMENDATION (2006/576/EC) of 17 August 2006 on the presence of 
deoxynivalenol, zearalenone, ochratoxin A, T-2 and HT-2 and fumonisins in products 
intended for animal feeding.  

Official Journal of the European Union, L 229/7-9, 23.8.2006 
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Tolerable daily intake 
 
-(http://www.efsa.europa.eu/cs/BlobServer/Scientific_Opinion/opinion_contam06_ 
ej89_zearalenone_v3_en1,2.pdf?ssbinary=true) 

-Opinion of the Scientific Panel on Contaminants in the Food Chain on a request from the 
Commission related to Zearalenone as undesirable substance in animal feed, The EFSA 
journal 89, 1-35 (2004) 

 

Test material and instructions to participants  
 
There were nine participants, including the NRL. They were all laboratories approved by the 
Belgian Federal Agency for the Safety of the Food Chain (FASFC).  
 
The test material was a certified reference material (naturally contaminated wheat draff, ref 
31/101, 2009) purchased from Bipea. The original bag, containing approximately 700 g of 
wheat draff test material, was opened, remixed and distributed in bags of approximately 55gr. 
Those were labelled and kept frozen until they were dispatched to the participants on June 
25, 2010. Each participant received one bag. 
 
The participants were invited to follow their routine procedures for the determination of 
zearalenone and report (see annexes) : 
- the values of two independent measurements, corrected for recovery 
- the recovery factor used for correction 
- an estimate of their uncertainty of measurement (uk=1 or Uk=2) and the coverage factor (k) 
used 
- a short description of the purification and measurement method   
The results were to be reported on a form provided in attachment, in the same manner (eg. 
number of significant figures) as when reporting to customers. 
 
 
Reference values  
 
The reference value Xref, and its standard uncertainty uref were respectively 98 µg/kg and 11 
µg/kg, as reported by Bipea. They are the robust mean and the robust standard deviation of 
the results of 30 out of the 38 laboratories having reported a result for zearalenone in their 

PT nr 31/106. The standard deviation for proficiency assessment ( pσ  = 24.5 µg/kg = 25%) was 
taken as half the tolerance chosen by Bipea for their PT (49 µg/kg). This is slightly higher 
than the standard deviations calculated from the Horwitz equation (22.7%) and the Horwitz-
Thompson equation (22%). (M. Thompson (2000) Analyst, 125, 385-386). 
 
 
Results and discussion  
 
The participants reported their results before deadline (Aug. 31). One of them did not give a 
answer. 
 
All participants reported two measurement values, and all except two reported their recovery. 
All provided an estimate of their measurement uncertainty, and all reported that the coverage 
factor for this estimate was k=2.  
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Four laboratories used immuno-affinity clean-up (IAC). Three of these used fluorimetric 
detection (LC-FL), one used MS-MS detection (UPLC-MS). Of the remaining five 
laboratories, four used LC-MS-MS without IAC clean-up, and one applied a C18 clean-up 
before LC-MS-MS. 
 
Individual laboratory performance is expressed in terms of z and zeta scores in accordance 
with ISO 13528 and the International Harmonised Protocol. 
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where 
Xlab is the measurement result reported by a participant 
Xref is the assigned value 

pσ is the "standard deviation for proficiency assessment" 
uref is the standard uncertainty on the reference value 
ulab is the standard uncertainty reported by a participant   
(all in µg/kg – note that for the calculation of the zeta-scores the values of ulab in µg/kg were 
recalculated from the ulab as reported in %, in order to avoid errors due to the rounding of the 
ulab as reported in µg/kg) 
  
The laboratory codes were attributed by increasing value of z-score. Each lab code was 
communicated confidentially to the corresponding participant. The results reported by the 
participants and the z- and zeta-scores are summarized in table 1 and figure 1.  
 
Visual examination of figure 1a ("kernel plots") shows that the distribution of results is 
distinctly skewed, with four low results and six within the uncertainty range of the reference 
value. Strikingly, the four low results were those obtained after IAC clean-up.  
 
Most of the results were in the acceptable range (-2 < z < 2). Only the two lowest were in the 
questionable range (-3 < z < -2).  
 
Most laboratories (L04 to L10) also obtained good zeta-scores, i.e. their estimates of their 
measurement uncertainty is such that the 95% confidence interval around their result 
includes the reference value, or at least part of the 95% confidence interval around it (see 
figure 1b).  
 
The other laboratories, L01 to L03, underestimated their measurement uncertainty and 
obtained zeta-scores between -5.8 and -2.8. In these three cases the reported MU seem 
realistic at first sight (25% to 34%, k=2) but are smaller than the deviations from the 
reference value (-38% to -71%). As already recalled in the 2009 OTA PT report, for the end-
user, zeta-scores lower than -2, such as those obtained by laboratories L01 to L03, mean a 
risk of wrong decisions due to "false negatives" or "false compliants", i.e. of accepting a lot of 
food or feed which should have been rejected. 
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Table 1 : Values as reported by the participants and scorings calculated by the organiser 
 

 
data as reported by the participants : calculations :
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L01 29.7 26.8 102.8% 9.6 34% 2 28.3 -71% -2.85 -5.81
L02 49 48 (16) 32% 2 48.5 -51% -2.02 -3.68
L03 64.4 56.1 100% - 104% 15.1 25% 2 60.3 -39% -1.54 -2.83
L04 70.6 61.7 89.8% 22 35% 2 66.2 -33% -1.30 -1.99
L05 76 107% 18 24% 2 76.0 -22% -0.90 -1.54
L06 73.5 97.6 91.5% 18.9 22% 2 85.6 -13% -0.51 -0.86
L07 88.1 92.3 97% (23) 25% 2 90.2 -8% -0.32 -0.50
L08 91 98 101% - 95% 27 29.04% 2 94.5 -4% -0.14 -0.20
L09 96 100 21 21% 2 98.0 0% 0.00 0.00
L10 91 112 101% (47) 46% 2 101.5 4% 0.14 0.14  

 
Notes :  
- when not reported by the participants, the uncertainties in µg/kg were calculated from the 
average results and the uncertainties in % ; these are given between parentheses 
- two participants reported different recoveries for the two results. Laboratory LO9 stated that 
no correction for clean-up was needed because they used an internal 13C standard. 
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Figure 1a :  
Zearalenone (ZEA)  
in wheat draff (µg/kg), 
kernel density plot 
 
(vertical lines : 
solid :  Xref   
dashed : Xref ± 2.uref 

dotted : Xref ± 2. pσ  
 
with  
Xref  = 98 µg/kg; 
uref = 11 µg/kg 

pσ = 24.5 µg/kg) 
 
 
 
 
Figure 1b :  
Results and  
95% confidence intervals 
(expanded uncertainty),  
as reported by participants 
 
(horizontal lines :  
solid :  Xref   
dashed : Xref ± 2.uref 

dotted : Xref ± 2. pσ ) 
 
 
 
 
 
 
 
 
 
Figure 1c : z- and zeta-scores 
 

z = (Xlab - Xref) /  pσ  

zeta = (Xlab - Xref) /  labref uu 22 +  
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AnnexeAnnexeAnnexeAnnexessss    

 
 

List and addresses of the participating laboratories (by alphabetical order) :List and addresses of the participating laboratories (by alphabetical order) :List and addresses of the participating laboratories (by alphabetical order) :List and addresses of the participating laboratories (by alphabetical order) :    
 
 

Organisation  
 

Address 
 

CER Marloie Rue du Point du Jour, 8 B-6900  Marloie 

CERVA-CODA Leuvensesteenweg, 17 B-3080  Tervuren 

ECCA NV Ambachtsweg, 3 B-9820  Merelbeke 

FLVVT Leuvensesteenweg, 17 B-3080 Tervuren 

FLVVG Braemkasteelstraat, 59 9050 Gentbrugge 

Fytolab Technologiepark, 2/3 B-9052  Zwijnaarde 
LABUG,  
Lab voor 
Bromatologie Harelbekestraat, 72 9000  Gent 

OLEOTEST Lage weg, 427 B-2660  Antwerpen 

SGS-Belgium Polderdijkweg, 16 Haven 407 B-2030  Antwerpen 
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Letter to the participants :Letter to the participants :Letter to the participants :Letter to the participants :    
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Description of sample and instructions to participants :  
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Receipt form :Receipt form :Receipt form :Receipt form :    
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Results form :Results form :Results form :Results form :    
 
 

 
 
 
 
 
 
 


