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1. EXECUTIVE SUMMARY  

This deliverable summarises the results of in vivo studies reflecting the situations expectable 
under practical conditions together with the outputs of computer modelling. The latter one 
was applied to simulate the likely distribution of pesticide residues in samples of various 
sizes with large number of iterations which would not be possible with actually measured 
residues in real samples. The modelling utilised experimentally obtained data as well as 
synthetic datasets having similar characteristics as the experimental distributions.  The 
applicability of the methods applied has been validated. 

The uncertainty of sampling has been estimated based on three independent databases 
(residues in primary samples, residues in composite samples taken from commercially 
treated crops, and residues derived from supervised residue trials) comprising of over 21000 
and 25000 measured values in primary samples and independent supervised trials, 
respectively. 

The results indicate that the sampling uncertainties estimated from small number of residue 
values vary at a large extent and to obtain a reliable and accurate estimate requires large 
number of samples.  

The sampling uncertainties calculated from three different types of pesticide residue datasets 
with different methods are statistically not different. Therefore it is recommended to apply the 
typical uncertainties summarised in Table 8 as they provide the best estimate for the 
expectable sampling uncertainties which can be used for calculation of action limits (see 
D.6.10) for verifying the performance objectives and planning risk based early warning 
monitoring programmes (D6.9).  

 

 
2. INTRODUCTION 

The distribution of pesticide residues varies at a large extent within individual trees1,2 and 
plots3 and between treated fields.4,5 The environmental and weather conditions,6,7,8 agro-
technology,9,10 pesticide application methods11,12 are considered to be the major factors 
affecting the initial deposit and the distribution of pesticides residues.  

                                                 
1Ambrus A., The Influence of Sampling Methods and other Field Techniques on the Results of Residue Analysis, 
in Frehse H., Geissbühler H.,(eds) Pesticide Residues, pp. 6 -18, Pergamon Press, 1979. 
2Xiangming Xu, Pihomng Wu, Pernille Thorbek and Kiweran Hyder, Variability in initial spary deposite in apple 
trees in spece and time, Pest Manag Sci 62, 947-956 (2006) 
3Ambrus A., Within and between field variability of residue data and sampling implications, Food Additives and 
Contaminants, Vol. 17 No. 7 519-537, 2000. 
4Dugald J MacLachlan and Denis Hamilton, A review of the effect of different application rates on pesticide 
residue levels in supervised residue trials Pest Manag Sci 67, 609-615, 2011. 
5Pieters A.J. The setting of Maximum Residue Limits in food – Their role and their relation to residue data, in 
Frehse H., Geissbühler H.,(eds) Pesticide Residues, pp. 66 -73, Pergamon Press, 1979 
6Huo R., Salazar j.D., Hyder K, Xu X.M Modelling non-systemic pesticide resiudes in fruits with initial deposit  
variability and weather effects Food Additives and Contaminants 24, 1257-1267, 2007. 
7Xiangming Xu, Roy A Murray, Jose D. Salazar and Kyieran Hyder, The effects of temperature, humidity and 
rainfall on captan decline on apple leaves and fruit in controlled environment conditions, Pest Manag Sci 64, 296-
307, 2008. 
8André Wolters, Volker Linnemann, Jan C. van de Zande, Harry Vereecken, Field experiment on spray drift: 
Deposition and airborne drift during application to a winter wheat crop 
9Hall F.R. Downer R.A., Cooper J.A. Ebert T.A. and Ferree D, Changes in spray retention by apple leaves during 
growing season, Hort Sci 32, 858-860 (1997) 
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There are a number of publications reporting the distribution of pesticide residues in 
individual fruits (apple, banana, kiwi, orange, peach, pear, plum) and medium size 
vegetables (potato and tomato13,14,15), small and large crops, and leafy vegetables (cabbage, 
kale, chicory)16,17,18,19 lettuce and grape.20 

The uncertainty of sampling had been estimated based on residues measured in individual 
crop units.21,22,23 

The majority of food contaminants are heterogeneously distributed in individual crop units or 
small single sample increments. Knowledge on the expectable sampling uncertainty is of 
paramount importance for planning statistically based sampling programmes for verifying 
compliance of food with legal limits or food safety objectives (FSO) and for setting 
performance criteria (PC). 

 

3. PRINCIPLES OF ESTIMATION OF UNCERTAINTY OF 

MEASUREMENT RESULTS 

The combined relative standard uncertainty of measurement result (CVR) can be expressed 
as: 

 �� � � � �� �
� � �� ��

� 	 � �� 

�    Equ. 1 

It includes the uncertainties of sampling (CVS), sub-sampling (CVSS), and laboratory 
analysis (CVL). 

                                                                                                                                                         
10Linders J, Mensink H, Stephenson G, Wauchope D, Racke K. 2000. Foliar interception and retention values 
after pesticide application. A proposal for standardized values for environmental risk assessment (Technical 
report). Pure Appl Chem. 72:2199–2218. 
11Dugald J MacLachlan and Denis Hamilton, A new tool for the evaluation of crop residue trial data (day-zero-plus 
decline) Food Additives & Contaminants, Part A, 27, 347-364,  201 
12Heiz Ganzelmeier, Crop protection equipment, Magazine of the International Organization for Standardization, 
Vol. 3 No. 4, 20.23, 2006. 
13Hill, A.R.C. and Reynolds, S.L. Unit-to-unit variability of pesticides residues in fruit and vegetables. Food 
Additives and Contaminants, 19, 733-747,  2002. 
14Ambrus A. Estimation of Uncertainty of Sampling for Analysis of Pesticides Residues.  J. Environ. Sci. Health. B 
1996, 31 (3), 435-442. 
15Chaido Lentza-Rizos and Alfaios Balokas, Residue Levels of Chlorpropham in Individual Tubers and Composite 
Samples of Postharvest-Treated Potatoes, J. Agric. Food Chem49, 710� 714,.2001. 
16Ambrus Á., Variability of pesticide residues in crop units, Pest Manag Sci. 62: 693-714, 2006. 
17SONG Yu-feng, LU Xiao and REN Feng-shan Variability of Pesticide Residues in Vegetables from the 
Marketplaces in Jinan City 
18M. Earl, M. Kaethner and M. Uilhein, Unit to unit variation of pesticide residue – options for dietary risk 
assessment, Food Additives & Contaminants, 17, 583-589, 2000 
19Elosa Caldas, Andria Jardim, Arpad Ambrus and Luiz Cesar Souza, Variability of organophosphoruse 
insecticide residues residues in large size crops grown in commercial farms in Brazil,  Food Additives and 
Contaminants,  23, 148-158, 2006. 
20FAO. 2002. Pesticide residues in food-2002. Report of the 2002 JMPR. FAO Plant Production and Protection 
Paper 172. Annex 7. Rome. http://www.fao.org/agriculture/crops/core-themes/theme/pests/pm/jmpr/jmpr-rep/en/ 
21Ambrus, Á.; Soboleva, E. Contribution of Sampling to the Variability of Pesticide Residue Data, JAOAC 
International 2004, 87 (6), 1368-1379. 
22Ambrus Á. Estimation of Sampling Uncertainty for Determination of Pesticide Residues In Plant Commodities, J. 
Environ. Sci. and Health 2009, 44 (7), 1-13. 
23Farkas, Zs., Horváth, Zs., Kerekes, K., Ambrus, Á., Hámos, A. and Szeitzné Szabó M., Estimation of sampling 
uncertainty for pesticide residues in root vegetable crops, J. Environ. Sci and Health Volume: 49, Issue: 01, pages 
1 - 14 DOI:10.1080/03601234.2013.836851 
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Sub-sampling may be carried out at the sampling site when the bulk sample is too large to be 
transported to the laboratory provided the conditions are appropriate for handling the 
samples without cross contamination. A sampling device, quartering, or other appropriate 
size reduction process may be used24 but units of fresh plant products or whole eggs should 
not be cut or broken. Sample processing and sub-sampling should be carried out using 
procedures that have been demonstrated to provide a representative analytical portion and 
to have no effect on the concentration of residues present. 

In many cases sub-sampling is carried out in the laboratory, therefore its contribution to the 
uncertainty of measurement results is discussed under the laboratory phase of analysis.  

 

3.1 Methods for the estimation of the uncertainty o f the laboratory phase 
of the analysis 

The determination of an analyte with an analytical procedure usually involves the following 
main steps: 

1. The portion of commodities to which the maximum residue limit25 (MRLs) or maximum 
limits for contaminants (ML) refer to is separated from all natural units making up the 
entire laboratory sample;  

2. The large natural units such as a melon, head of cabbage, jackfruit or other fruits or 
vegetables are cut into segments (and not slices) which should represent the same 
proportion of the outer  parts (e.g. wrapper leaves, peel) and the inner parts as well 
as possible;  

3. Representative portion of the laboratory sample which can be further minced, grinded 
and thoroughly homogenised with the available equipment are taken from the 
prepared laboratory sample and processed to obtain a statistically well mixed 
matrix.26 

4. Replicate test portions are withdrawn from the homogenised sample for performing 
the extraction and further determination of the analyte(s); several test portions are 
retained and stored preferably in deep-freezer for further analysis (e.g. repeated test 
if something goes wrong, confirmations and performance verification of the 
procedure). 

The combined uncertainty of the determination of the analyte concentration in the laboratory 
includes the uncertainties of sub-sampling (CVSS ) performed in step 2 and sample 
processing (CVSp) carried out in steps 3 and 4 by chopping, mincing, grinding and 
homogenisation of analytical sample) and analysis (CVA). 
  

                                                 
24Codex Secretariat 2002, Recommended method of sampling for the determination of pesticide residues for 

compliance with MRLs www.codexalimentarius.org/input/download/standards/361/CXG_033e.pdf 
25Codex Alimentarios Commission, Portion of Commodities to which Codex Maximum Residue Limits Apply and 
which Is Analysed, Codex Alimentarius Vol. 2A CAC GL 41-1993 
26 Wallace, D. and Kratochvil, B., Analytical Chemistry, 59, 226-232, 1987 (3)  
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The uncertainty of analysis (CVA), including the extraction of the analyte from the test portion 
and the consecutive steps together with the final quantitative determination, is usually 
determined with recovery studies.   

Where the contribution of uncertainty of sub-sampling, sample processing is included in the 
estimated uncertainty of the laboratory phase of measurement (CVL), then  

 �� 
 � � �� ��
� 	 � �� ��

� 	 � �� �
�  Equ. 2 

 �� 
 � 
� �

�
� ������	  Equ. 3 

Where ��
�� � �� � �

��
 and R1 and R2 are the results of analyses of retained test portions, and n is 

the number of test portions reanalysed on different days. In this case different subsamples 
prepared from the large laboratory sample shall be homogenised and the test portions 
removed from them shall be further analysed.  

One of the most powerful internal quality control procedures of the laboratory is the 
reanalyses of retained test portions a few weeks after the first analysis. If the retained test 
portions are regularly included in the daily analytical batches without letting the analyst 
known exactly from what sample the test portion had been taken, then after analysing �  15 
test portions the average of CVL values calculated with equ. 3 will provide a reliable estimate 
for the within laboratory reproducibility of the measurement. Where several analytes are 
determined from the same test portion, information may be obtained for the reproducibility of 
the determination of each analyte separately or group of analytes with uniform performance 
characteristics.  

Where large crops have to be analysed, the sub-sampling can be an important contributor to 
the combined uncertainty of the measurement result. Information on the effect of sub-
sampling can only be obtained if the segments of the crop units are divided into 2 or more 
subsamples which are analysed separately. A practical procedure is described by Yolci et 
al.27 

The CVL obtained can be compared to the reference values given in the Codex Alimentarius 
Procedural Manual28 or CODEX GLs on Good Laboratory Practice29 for deciding on the 
acceptability of the performance of the method. 

 

3.2 Methods for the estimation of the uncertainty o f sampling 

From the uncertainty of the measured residue (CVR) and the uncertainty of the laboratory 
phase, the uncertainty of sampling can be calculated as: 

�� � � � �� �
� � �� 


�     ®    		�� � � � �� �
� � �� 


�   Equ. 4 

Because of the large variability of pesticide residues, the uncertainty of sampling is the main 
contributor of the combined uncertainty of the measured residue.  

                                                 
27Yolci Omeroglua*, A´ . Ambrusb, D. Boyaciogluc and E. Solymosne Majzikd Uncertainty of the sample size 
reduction step in pesticide residue analysis of large-sized crops, Food Additives & Contaminants: Part Part A(30 
(1): 116-126 (DOI:10.1080/19440049.2012.7287200 
28CODEX ALIMENTARIUS COMMISSION PROCEDURAL MANUAL 21st ed p.71 N 1020-8070 
ftp://ftp.fao.org/codex/Publications/ProcManuals/Manual_21e.pdf 
29Codex Secretariat (2003) Revised Guidelines on Good Laboratory Practice in Residue Analysis CAC/GL 40-
1993, Rev.1-2003, http://www.codexalimentarius.net/download/standards/378/cxg_040e.pdf 
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In the following section, 3 different methods will be shown for the determination of 
sampling uncertainty of pesticide residues and the results obtained will be evaluated 
and compared to each other. 

 

 
4. RESULTS OF FIELD STUDIES 

Within the framework of Baseline project, field studies were conducted in order to gain 
information about the distribution of pesticide residues in apple, gooseberry, lettuce, carrot 
and parsley crops. The details of field data, sampling of the treated fields and the analysis of 
the samples are described in Annex.  

 

4.1 Distribution of pesticide residues in individua l crop units 

The characteristic features of the distribution of pesticide residues in fruits and vegetables 
are described in D6.430 and further elaborated by Horvath et al.31 Only the main findings and 
conclusions are summarised hereunder: 

(a) The CV value calculated from the residues measured in primary samples taken from 
one field or lot provides only one estimate for the true variability of residues in the treated 
crops, and its best estimate is the average of CV values calculated from relevant crop 
groups. The spread of residues in primary samples taken from one field may be 
characterised with an average CV of 0.8.  

(b) The gamma, lognormal and Weibull distributions overestimate the level of residues at 
the low concentration range and slightly underestimate at high percentiles (Figure 1). The 
underestimation is attributed to the fact that the residues are very scattered at the high 
concentration range and the parametric functions fitting softwares cannot properly 
represent them. Consequently, the variability of residues in composite samples drawn 
from synthetic lognormal distributions is somewhat underestimated and larger variability 
may be expected in case of sampling field treated commodities. 

(c) The variability of residues in natural units of marketed commodities may be covered 
with a lognormal distribution having a CV value of 1.1. The wider variability of residues in 
market samples compared to field samples may be attributed to larger variability of 
residues following the large scale commercial application of pesticides compared to the 
limited sampling areas applied in the referred studies and the potential mixing of lots 
received different treatments. 

(d) Drawing 1000 random composite samples of size 5, 10, 25, 100, 120 and 300 from a 
lognormal distribution with µ=1 and � =0.8 and calculating the CV values confirmed that 
the central limit theorem is also applicable in case of a strongly skewed data such as the 
lognormal distribution, residues detected in field treated crops. 

                                                 
30Characterisation of the statistical distributions of chemical contaminants at CCPs and analysis of WP1-WP5 for 
multiple/combined combinations 
https://secure.baselineeurope.eu/gest/documentspublic/docup/D6%204_abstract.pdf 
31Horváth, Zs., Ambrus, Á., Mészáros L. and Braun, S., Characterization of distribution of pesticide residues in 
crop units, Journal of Environmental Science and Health, Part B: Pesticides, Food Contaminants, and Agricultural 
Wastes, 48:8, 615-625 2013 
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Figure 1 . Fitting lognormal, gamma and Weibull distributions to normalised residues in individual 

crops taken from the fields and marketed lots 
 

4.2 Summary of residues in primary samples (crop un its) 

The summary statistics of the parent populations of residues measured in carrot and parsley 
are summarised in Tables 1 and 2. 

Table 1. Summary statistics of residues determined in individual carrot root (primary) 
samples 

Field Pesticide residue No. of samples1 Residues (mg/kg) 
CVL CVR CVS 

Min Ave Max 

1 Azoxystrobin  119 0.03 0.07 0.16 0.10 0.35 0.33 

1 Linuron  119 0.01 0.08 0.21 0.14 0.48 0.46 

3 Azoxystrobin  120 0.03 0.08 0.15 0.10 0.33 0.31 

3 Cyproconazole  120 0.05 0.17 0.37 0.07 0.36 0.35 

3 Tefluthrin  120 0.003 0.034 0.14 0.20 0.91 0.89 

3 Trifloxystrobin  119 0.004 0.020 0.13 0.05 0.98 0.98 

8 Azoxystrobin  120 0.005 0.013 0.03 0.14 0.37 0.34 

8 Cyproconazole  120 0.003 0.012 0.03 0.07 0.48 0.48 

8 Linuron 106 0.001 0.017 0.090 0.14 0.99 0.99 

8 Tefluthrin  120 0.012 0.15 0.74 0.20 0.74 0.71 

Average 0.12 0.598 0.584 
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1 Samples containing residues above the established LOQ of 0.001 mg/kg; residue values are 
rounded 

 

Table 2. Summary statistics of residues determined in parsley primary samples 

Field Pesticide residue No of 
samples1 

Residues (mg/kg) 
CVL CVR CVS 

Min Ave Max 

1 Azoxystrobin  120 0.005 0.015 0.051 0.17 0.47 0.43 

1 Difenoconazole  120 0.033 0.113 0.245 0.21 0.36 0.30 

2 Azoxystrobin  120 0.0096 0.0241 0.0781 0.17 0.47 0.44 

2 Difenoconazole  120 0.0538 0.1338 0.3831 0.21 0.39 0.33 

2 Linuron  120 0.034 0.068 0.135 0.21 0.43 0.17 

2 Metolachlor  120 0.001 0.005 0.0086 0.24 0.31 0.19 

3 Azoxystrobin  119 0.001 0.003 0.029 0.17 1.35 1.33 

3 Difenoconazole  120 0.001 0.0124 0.1675 0.21 1.64 1.62 

 Average     0.199 0.678 0.601 

1 Samples containing residues above the established LOQ of 0.001 mg/kg; residue values are 
rounded 

 

4.3 Summary of residues determined in composite sam ples 

The detailed results of residues measured in composite samples are given in Annex Tables 
7-11. The distribution of residues in samples are summarised in Table 3.  

 
Table 3. Summary characteristics of residues measured in composite samples taken from 
commercial fields 

Crop group k N 
Mean residues ( ��  ) in data sets 

(µg/kg) 
CVR of residues 

Min Max Max/Min Ave Min.  Max Max/Min Ave 

Apple 137 548 0.81 115 142.40 20.82 0.04 1.16 27.63 0.38 

Carrot 29 116 2.71 193 71418 40.55 0.16 1.40 9.03 0.45 

Gooseberry 104 416 1.71 2267 1326 169.78 0.04 1.05 29.93 0.36 

Lettuce 42 168 2.79 546 196. 114.31 0.03 1.45 55.10 0.35 

Parsley leaves 24 96 3.53 2345 665 443.58 0.04 0.85 19.85 0.25 

k: number of commodity-pesticide pairs tested; N: total number of samples analysed 
 

The uncertainty of sampling (CVS) was calculated from the CVR values of each treated field 
with the removal of the corresponding CVL value deriving from the reanalysis of the retained 
test portion of a sample from the given field. Therefore the CVS was calculated for each 
treated fields (Annex Tables 7-11) and their weighted average was considered as the 
characteristic CVS of the crop which is shown in table 4. 
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Table 4. Uncertainty of sampling of different crops in field trials 

Crop  CVS a P0.025 P0.975 Conf. Int. b 

Apple 0.335 0.174 0.772 0.597 
Gooseberry 0.321 0.107 0.729 0.622 
Lettuce 0.284 0.000 1.210 1.210 
Carrot 0.444 0.195 0.669 0.474 
Parsley 0.205 0.015 0.397 0.382 

a Weighted average of CVS values of treated fields 
b 95% Confidence intervals of CVS values 

 

 
5. MODELLING SAMPLING UNCERTAINTY FROM RESIDUES IN 

PRIMARY CROP UNITS 

The sampling uncertainties were estimated by applying an Excel macro for drawing random 
samples with replacement.21,22 

5.1 Validation of macro used for drawing random sam ples  

For studying the effect of sample size, number of replicate samples and number of lots to be 
sampled, in addition to the experimentally obtained samples, samples of various sizes were 
generated from the primary residue populations and synthetic datasets applying a MS Excel 
based macro.22 

For the validation of the random sampling procedure, composite samples were drawn 
randomly with replacement 10 000 times from the test parent population of natural numbers 
ranged from 1 to 120. Each composite sample consisted of 10 randomly selected numbers. 
As it can be seen in Figure 2, the average occurrence corresponded to the theoretically 
expected 833, and the occurrence of individual sampled units (numbers in this case) had a 
relative standard deviation of 0.035. As the relative standard deviation of average residues in 
a composite sample of size 10, calculated based on the central limit theorem from the 
residue measured in primary samples, is 0.25 (0.8/Ö10), the random relative error of 0.035 
obtained with 10000 repeated sampling was considered acceptable, because it practically 
would have no effect on the outcome of the further use of the estimated sampling 
uncertainties obtained in our modelling experiments carried out with 10 000 iterations.  
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Figure 2.  Frequency of occurrence of the 120 numbers in composite samples (n=10) drawn with 
random sampling with replacement. 

 

5.2 Application of range statistics 

The CV values of the randomly selected residue values being in one sample were calculated 
with range statistics32 for small number of data (� 10);  

  ! � 
� �

"
� �# �  Equ. 5 

Where ��
�� � �� � �

��
 ,  Rmax, Rmin and $�  are the maximum, minimum and mean residue values in 

one dataset, n is the number of residue data points in one dataset, and d2 is the 
corresponding factor of  1.128, 1.693, 2.059, 2.326, 2.534, 2.704, 2.847, 2.970 and 3.078 for 
n= 2, 3 ...10, respectively.33  

For larger sample sizes the CV was calculated with: 

 %& � � � ' � (�� � ) �

��*
     �� �

�+

��
     Equ. 6 

 

5.3 Procedures and results of random sampling 

The sampling uncertainty was calculated from carrot and parsley primary samples based the 
procedures described in the following sections. 

Method 1:  Random composite samples of size 5, 10 and 25 were drawn with replacement 
from the primary residue populations by applying the validated Excel macro (Section 4.1). 
The average residues in composite samples (Rn) were calculated from the mass of individual 
primary samples (gi) and the concentration of the residues (Ri) measured in the primary 
samples. 

$" �
� � ,- -. ,

/
,0�

� . ,
/
,0�

 Equ. 7 

The relative standard deviations of the calculated average residues in the composite 
samples reflect the uncertainty of sampling. The sample sizes of 5 and 10 were selected to 
model the sampling uncertainty when the standard sampling procedures are applied for 
testing compliance with maximum residue limit, MRL,24,33 while 25 represents the typical 
sample size employed in supervised residue trials.34  

(a) Ten thousand random samples were drawn from each of the residue populations derived 
from 120 primary samples. 

(b) As Horváth et al31 found that the potential differences between the real distribution of 
pesticide residues depending on the chemical structures and crops cannot be 
distinguished based on 100-300 samples, the various pesticide residues detected above 
the LOQ in carrot and parsley taken from individual fields were combined after dividing 

                                                 
32Eurachem, EUROLAB, CITAC, Nordtest and the RSC Analytical Methods Committee..Measurement uncertainty 
arising from sampling: a guide to methods and approaches. Ramsey, M. H.; Ellison, S. L. R., Eds.; Eurachem, 
2007; ISBN 978 0 948926 26 6. 
33Anderson, L. R. Practical statistics for analytical chemists, Van Nostrand Reinhold Company: New York, 1987; 
Appendix D12. 
34OECD, Guidelines for the Testing of Chemicals Test No. 509: Crop Field Trial, 
http://masetto.sourceoecd.org/vl=47470697/cl=12/nw=1/rpsv/ij/oecdjournals/1607310x/v1n7/s10/p1 
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the individual residue values with the respective average residues of ~ 120 primary 
samples. By this way combined normalized primary residue populations were obtained 
for carrot (N=1080, µ=1, and CV=0.602) and parsley (N=1079, µ=1 and CV=0.792). The 
overall average CV of normalized carrot and parsley data sets was 0.703. Ten thousand 
random samples of size 5, 10 and 25 were drawn with replacement from the normalized 
parent populations. 

The results of taking samples consisting of 5, 10 and 25 primary samples from each 
parent populations are shown in Annex Tables 12 and 13. 

Table 5 shows the result of taking random composite samples from the combined normalized 
residues. Figure 3 shows the distribution of the normalized residues in carrot and the 
composite samples of different sizes. 

Table 5. Residues in 10000 samples drawn from the normalised residues in primary samples 

Sample 
size (n) 

Residues in samples of size ’n’ 
CVS 

CV 
(theoretical)1 

P0.025 Average P0.975 

Carrot2 1 1.000 0.602 

5 0.59 0.998 1.64 0.265 0.269 

10 0.69 1.002 1.45 0.190 0.190 

25 0.79 0.999 1.26 0.120 0.120 

Parsley2 1  1.000  0.792 

5 0.55 1.02 2.01 0.375 0.354 

10 0.66 1.01 1.69 0.259 0.251 

25 0.77 0.98 1.41 0.155 0.158 

1 theoretical CV was calculated as  ! �
12�

3"
  

2 residues measured in primary samples are normalised  
 

 
Figure 3 . Relative frequency distribution of normalised residues in carrot samples of size ‘n’. 

The results of random sampling from both the primary residue populations and the 
normalized residues indicate that average of residues in primary and composite samples are 
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very close, while the CV values calculated from the samples concurred with the theoretically 
expectable ones35 based on the central limit theorem. 

  ! " �
12�

3"
 Equ. 8 

These results indicate that the random sampling operations were unbiased. 

Method 2:  Ten-ten thousand replicate random samples of size 5, 10 and 25, obtained with 
method 1, were drawn independently 4, 8 12, 20 and 30 (p) times with replacement from the 
normalized parsley and carrot sample populations. The results of the modelling from parsley 
samples are similar, therefore only the results of modelling carrot samples are shown in table 
6.  

Table 6. Range of CVS values obtained with drawing ‘p’ replicate samples 10000 times from 
normalised carrot residues  

Sample 
sizea (n) 

Replicate 
samplesb 

(p) 

Calculated CVS valuesc 

Min P0.025d Averagee P0.975 Max 

5 1 0.265 

2 0.000 0.000 0.193 0.545 0.877 

4 0.000 0.064 0.230 0.489 0.831 

8 0.040 0.118 0.246 0.445 0.703 

12 0.085 0.141 0.251 0.414 0.615 

20 0.102 0.165 0.257 0.386 0.537 

30 0.134 0.180 0.259 0.365 0.513 

10 1 0.190 

2 0.000 0.000 0.146 0.408 0.727 

4 0.010 0.050 0.170 0.334 0.500 

8 0.039 0.086 0.180 0.298 0.428 

12 0.064 0.107 0.184 0.278 0.399 

20 0.082 0.124 0.186 0.257 0.323 

30 0.099 0.136 0.187 0.245 0.307 

25 1 0.120 

2 0.000 0.000 0.094 0.264 0.428 

4 0.000 0.033 0.109 0.212 0.352 

8 0.027 0.057 0.114 0.184 0.272 

12 0.040 0.070 0.117 0.175 0.235 

20 0.057 0.081 0.118 0.161 0.211 

30 0.065 0.088 0.119 0.154 0.189 
a Sample size is the number of primary residue data drawn randomly to make up one 
composite sample.  
b’p’ is the number of replicate samples drawn for making one estimate for the sampling 
uncertainty; the replicate sampling operation was repeated 10000 times. 
c CVS values were calculated from the replicate samples. 
d P0.025 and P0.975 are the 2.5 and 97.5 percentiles of the individual CVS values 
calculated from the replicate samples. 
e Average CVS value is the average of 10000 individual CVS values. 

                                                 
35Snedecor, G.W.; Cochran, W.G. Statistical Methods, 7th Ed., The Iowa State University Press, Ames, Iowa, 
1980, 45-50. 
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The results indicate that the 95% range of estimated CVS values is decreasing with 
increasing number of replicate samples (Figure 4) as expected. The sampling uncertainty for 
12, 20 and 30 replicate composite samples was calculated as the relative standard deviation 
(CV) of the corresponding residues. Where the number of replicate samples was � 10, range 
statistics was applied (see section 4.2.). 

The relative differences of the 95% range of estimated sampling uncertainties of composite 
samples of size 5, 10 and 25 drawn from primary populations with CV1 ranging from 0.11 to 
1.44, representing residue distributions occurring under practical conditions, showed very 
similar tendencies, regardless the magnitude of CV1 values as can be seen in Figure 5. The 
slight variation of the shape of the curves may be attributed to the random variation of 
sampling. Therefore, the averages of the relative differences of the 95% range of CV values 
obtained from different primary residue populations were calculated and plotted as the 
function of replicate samples (p). The results suggest a nearly perfect fit that can be 
described with an equation y= 2.8277x-0.504 with R2 of 0.9999 It should be noted that the 
exponent of the equation is close to 0.5 indicating that the relative range of the 95% 
confidence limits are proportionally decreasing with square root of the replicate samples.  

 
Figure 4 . Distribution of CV of residues in ‘p’ replicate samples of size 10 drawn from normalised 

primary residues in carrot. Expected CV is 0.19. 

Method 3 : Twenty synthetic lognormal distributions, consisting of 10000 values, were 
independently generated with @-Risk software with m=1 and CV=0.8 representing the typical 
unit variability of pesticide residues).31 In this experiment 2, 4, 6 and 8 (p) replicate random 
composite samples of size 10 were drawn with replacement ten thousand times from each of 
the 20 parent populations for examining the effect of the number of lots (L) sampled.  The 
relative standard uncertainty of sampling was calculated as in method 2. 

To explore the general applicability of the conclusions drawn from sampling of different lots, 
the procedure described under (method 4) was repeated with residues in composite samples 
consisting of 10000 values of size 10 generated from the residues measured in individual 
carrot and parsley primary samples. In addition, the modelling was repeated with residues in 
samples of marketed apple, banana and kiwi13 taken from different lots.  

The parameters of the fitted regression lines are summarised in Table 7. 
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The tendency of the decrease of relative 95% confidence intervals of CV values in case of 
real field samples was the same as observed with the synthetic data population (Figure 6) 
indicating that the conclusions are generally applicable. 

Figures 6 and 7 indicate that the relative 95% range of sampling uncertainty rapidly 
decreased up to 8 lots especially up to 6 samples per lot. After that the gain is getting 
marginal. 

Somewhat larger variability (reflected by the higher value of the relative 95% range of 
confidence interval of CV values) was observed in case of modelling experimental data than 
modelling a synthetic population. Therefore, the equation of the regression line (indicated 
with bold characters in table 7) obtained from  modelling market samples is used in further 
calculations (section 5.1.) as underestimation of sampling uncertainty might have severe 
consequences.  

 

 

 
Figure 5 . Upper chart: the relative difference of the 95% range of the relative standard deviations of 

samples drawn repeatedly ‘p’ times from parent population of residues in primary samples with CV1 of 
0.11, 0.18, 0.25, 0.26, 0.36, 0.40, 0.55, 1.06 and 1.44. 

Lower chart: Average of relative differences. 
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Figure 6 . Relationship of relative difference of the 95% range of estimated relative standard deviations 
based on ‘p’ number of replicate samples of size 10 taken from ‘L’ independent lots representing the 

same primary residue distribution (µ=1 � =0.8). 
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Figure 7.  Relationship of relative difference of the 95% range of estimated relative standard deviations 

based on ‘p’ replicate samples of size 10 taken from ‘L’ lots of carrot and parsley (upper chart) and 
market samples (lower chart). 

 

 

6. SUPERVISED RESIDUE TRIALS 

At international level, the FAO/WHO Joint Meetings on Pesticide Residues (JMPR) carries 
out the safety evaluation of pesticide residues and recommends maximum residue levels for 
the Codex Committee on Pesticide Residues (CCPR) for elaboration of Codex Standards 
which are used as food safety criteria within the WTO Sanitary and Phytosanitary 
Agreement36. The maximum residue levels, highest residues and the median residues are 
estimated based on the results of so called supervised trials, which are carried out to reflect 
the residues likely to occur if the pesticides are used in accordance with the maximum 
registered dosage and shortest time between last application and harvest (PHI). The results 
of the evaluation of pesticide residues are published together annually. Since 1997, the 
JMPR has systematically reported the residue data which were used for the estimation of 
maximum residue levels.37 

The supervised trials are very carefully planned37,38,39 and carried out on a small experimental 
plots. An example of the plot sizes and sample sizes are shown in Annex Table 15. 
Nevertheless the residue concentrations in samples taken from crops, treated with similar 
dose rate and sampled within a confined time interval between last application and sampling 

                                                 
36World Trade Organisation, Sanitary and phytosanitary measures, 
http://www.wto.org/english/tratop_e/sps_e/sps_e.htm 
37Food and Agriculture Organisation, Pesticide residues in food 1997-2011 Evaluations Part I – Residues, FAO 
Plant Production and Protection Paper series, Nos: 146, 152/1, 152/2, 157, 165, 171, 175/1, 175/2, 177, 82/1, 
182/2, 184/1, 184/2, 189/1, 189/2, 192, 193, 198, 206, 2012 http://www.fao.org/agriculture/crops/core-
themes/theme/pests/jmpr/jmpr-rep/en/  
38OECD Guideline for testing chemicals Test No. 504: Residues in Rotational Crops (Limited field studies), 2007. 
http://www.oecd-ilibrary.org/content/book/9789264013384-en (accessed 23 Aug 2013). 
39OECD Guideline for testing chemicals Test No. 508: Magnitude of the Pesticide Residues in Processed 
Commodities. 
http://www.oecd-ilibrary.org/content/book/9789264067622-en (accessed 23 Aug 2013). 
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significantly vary within one field and between fields due to several uncontrollable factors 
such as plant density, environmental and weather conditions. The residue datasets selected 
by the JMPR for estimation of maximum residue levels provide an excellent and readily 
accessible database for the analysis of distribution of pesticide residues among treated 
fields.   

Table 7. Regression equations, Y= axb, describing the relationship of relative 95% range of 
CVS values obtained with taking ‘p’ replicate samples from market samples, carrot and 
parsley lots 

 p a b R2 

synthetic 
population 

2 2.3349 -0.513 0.9874 

4 1.4771 -0.507 0.9955 

6 1.187 -0.501 0.997 

8 1.0135 -0.502 0.9981 

market 
samples 

2 2.8422 -0.464 0.9993 

4 1.5201 -0.446 0.9948 

6 1.283 -0.468 0.9966 

8 1.1216 -0.476 0.9991 

parsley, 
carrot 

2 2.7248 -0.443 0.9964 

4 1.6557 -0.446 0.9905 

6 1.3197 -0.436 0.9916 

8 1.0905 -0.422 0.9883 

 

6.1 Evaluation of the results deriving from supervi sed residue trials 

For the evaluation of the within field variability of pesticide residues of different crops and 
crop groups, the data were selected from the JMPR database from the years of 1997-2010. 
Duplicate samples were often taken from some of the single trial plots according the 
requirements of US EPA.40 

Calculation of uncertainty of the measured residues  with range statistics 

The relative standard deviation of the measured residues (CVR) was calculated with range 
statistics (section 4.2.) for each duplicate sample. The characteristic CV of a crop is the 
average of the ’n’ number of duplicate samples of a given crop, and the characteristic CV of 
a commodity group is the weighted average of the CV values of the crops belonging to one 
group. The estimated average CVR values and their 95% confidence limits for individual 
commodities and commodity groups are given in Annex Table 14 

Uncertainty of sampling 

As in case of supervised residue trials the uncertainty of the analysis is unknown, an average 
value of 0.1 for the uncertainty of the laboratory phase was removed from each calculated 
CVR values of a commodity group to get the uncertainty of sampling (CVS, see section 2.2, 
equation 4.) 

                                                 
40US EPA Pesticide Registration Manual (Blue Book), http://www.epa.gov/pesticides/bluebook/). 
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Estimated confidence intervals 

To get the confidence intervals of the CVS values, the relative differences of the 97.5th and 
2.5th percentiles of the calculated CVR values were calculated for each crop and their 
averages in a commodity group was multiplied by the CVS of the group. The estimated 
confidence intervals can be seen in table 7 and Annex Table 14. 

Correction for different sample sizes 

As the samples were taken according to the requirements of the supervised residue trials, 
the general sample sizes were 25 for small and medium sized crops and 12 for large sized 
crops. In order to be comparable to the sample size requirements of relevant standards 
(Codex EU34), where the number of required primary samples making up a composite 
sample is 10 and 5 in case of small and medium; and large sized crops, respectively, the 
CVS values were corrected with the factors 1.581 (f1=3�4 /3�5 ) in case of small and medium 
sized crops and 1.594 (f2=3�� /34) in case of large sized crops based on the central limit 
theorem (equ. 8). The results are shown in table 8. 

Estimated upper confidence limits 

The confidence intervals were estimated from the corrected CVS values applying the 
regression equation Y=2.8422x-0.464.  The regression describes the relationship of relative 
95% range of CVS values obtained with taking 2 replicate samples from market samples 
(Table 7). It was assumed that it could give the best estimate for the confidence intervals of 
estimated CV values.   

As each group consisted of different number of duplicate samples (n), the relative 95% range 
of CVS (Y) values were calculated by inserting the number of samples (n) of the datasets in 
the equation. Even though the modelling experiments were only carried out up to 20 tested 
lots, based on the nature of the curve (Figure 7) it was considered that the equation would 
provide an acceptable estimate for the confidence intervals of CV values obtained from 
larges number of sample pairs as well.  

Because the confidence intervals around the corresponding average the CV1 values are 
unequal, the ratios of (UCL-CV1)/(CV1-LCL) was calculated for each of the crop, and their 
average was used as a factor to calculate the upper confidence limit (UCL) of CVS of the 
group from the relative 95% ranges obtained from the applied regression equation 
(Y=2.8422x-0.464). 

The recommended sampling uncertainties for 22 commodity groups are shown in table 8.  

Table 8. CVS values and estimated confidence intervals deriving from supervised field trial 
data 

Group No. of 
trials 

CVS  a 

Ave b CI c Corr d UCL e Recommended 
CVS

 f 

Small sized fresh fruits (<25 g) 989 0.186 0.520 0.293 0.369 1.17 

Medium sized fresh fruits (25-250 g) 2139 0.169 0.510 0.267 0.321 1.02 

Large sized fresh fruits (>250 g) 560 0.191 0.633 0.296 0.408 0.91 

Small sized fresh vegetables (<25 g) 222 0.215 0.582 0.339 0.489 1.54 

Medium sized fresh vegetables (25-250 g) 1200 0.234 0.646 0.370 0.438 1.38 

Large sized fresh vegetables (>250 g) 1018 0.215 0.745 0.333 0.422 0.94 

Leafy vegetables 1516 0.172 0.552 0.272 0.338 1.07 

Root and tuber vegetables 257 0.181 0.482 0.285 0.423 1.34 
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Stalk and stem vegetables 276 0.129 0.259 0.204 0.346 1.09 

Pulses  346 0.256 0.813 0.405 0.536 1.69 

Cereal grains  312 0.126 0.321 0.199 0.323 1.02 

Grasses, for sugar or syrup production* 15 0.444 1.438 0.702 1.261 3.99 

Tree nuts  101 0.126 0.326 0.199 0.413 1.31 

Oilseeds  247 0.207 0.684 0.327 0.481 1.52 

Seeds for beverages and sweets*  22 0.347 0.605 0.548 0.855 2.70 

Herbs  54 0.120 0.263 0.189 0.445 1.41 
Legume animal feeds, and other forages 
and fodders 983 0.186 0.503 0.294 0.369 1.17 

Straw, hay and other dried products 1019 0.180 0.602 0.284 0.332 1.05 

Dried herbs 99 0.138 0.446 0.218 0.456 1.44 

Milled cereal products 68 0.108 0.266 0.171 0.419 1.33 

Teas* 52 0.469 0.958 0.742 0.974 3.08 

By-products for animal feed and 
miscellaneous products 646 0.162 0.501 0.256 0.352 1.11 

a Calculated from CVR after removal of a characteristic CVL of 0.1 
b Weighted average CV of crops belonging to the given commodity group  
c Estimated confidence intervals (described in the text) 
d Corrected CVS values by taking into account the differences in sample sizes (CVS*f1; large size 
crops: CVS*f2) 
e Estimated upper confidence limits (described in the text) 
f Calculated from composite samples with the central limit theorem. The number of primary samples 
making up a composite sample is 10 and 5 for small and medium; and large sized crops, respectively. 

These values refer to primary samples, calculated from the UCL of the composite samples 
and can be used in practice for the calculation of an ‘Action Limit’, and for the optimization of 
the sample size fit for the purpose of the examination with the equation 8 based on the 
central limit theorem (equ. 8).    

There were 3 groups with relatively high CV values that cannot be considered typical and 
further data are needed for estimation of the uncertainty of taking samples from them. 
Without taking into account the 3 outliers, the grand average of 19 commodity groups is 1.24 
and the weighted average is 1.14. 

 

 

7. COMPARISON OF THE RESULTS OBTAINED FROM THE THRE E 

DATABASES 

Table 9 shows the summary results of the CVS values obtained from supervised residue 
trials, field trial composite samples and field trial primary samples. Results of previous 
estimates22 regarding primary samples are also indicated. All values refer to composite 
samples with the recommended sample sizes for different crop sizes (10 for small and 
medium and 5 for large sized crops). 
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Table 9. CVS values from supervised residue trials, Baseline field trials and previous 
estimates.  

Supervised residue trials  BASELINE Field 
trials  Primary samples a 

Group CV S  
b Crop CV S Crop CV S 

Small sized fresh fruits (<25 g) 0.29 Gooseberry 0.32 Small sized fresh products c 0.25 

Small sized fresh vegetables (<25 g)  0.34         

Medium sized fresh fruits (25-250 g)  0.27 Apple 0.34 Medium sized fresh products c 0.25 

Medium sized fresh vegetables (25-250 g)  0.37         

Large sized fresh fruits (>250 g) 0.30     Large sized fresh products c 0.33 

Large sized fresh vegetables (>250 g)  0.33         

Leafy vegetables 0.27 
 

Lettuce 0.28     

Parsley 0.21 Parsley b 0.19 

Root and tuber vegetables 0.29 Carrot 0.44 Carrot b 0.25 
a Calculated from the CV values of primary samples with the central limit theorem 
b Corrected for the appropriate sample sizes 
c Previous estimates22 
d Primary samples taken from Baseline field trials  
 

The UCLs of estimated sampling uncertainties obtained from the three different experimental 
data are overlapping most of the cases. The uncertainties deriving from Baseline field trials 
composite sampling are somewhat higher than the uncertainty of the corresponding 
commodity group from the supervised residue trials, in case of carrot, it is significantly 
different. The supervised residue trials are carefully planned and implemented and the plot 
sizes are much smaller than in commercial practice. Therefore the results indicate that the 
variability of residues within treated fields is larger in practical applications. As the number of 
data for the estimation was significantly higher in case of supervised residue trials, the 
results are more reliable. To account for the higher variability in commercial practice and 
taking into account the potential serious consequences of underestimating of sampling 
uncertainty, the upper confidence limits of the uncertainties are recommended for use are 
shown in table 8.  

 

 

8. VALIDATION OF THE APPLICABILITY OF SAMPLE SIZE 

CALCULATION USED IN PLANNING MONITORING PROGRAMMES  

The applicability of the method for calculation of sample sizes were tested with the skewed 
distribution of aflatoxin M1 (AFM1) concentrations in milk samples which is scattered at the 
upper tail. 
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8.1 Estimation of the probability of finding sample s above selected 
percentiles 

The number of random samples (n) required for finding at least one value above a selected 
percentile (bp) of the parent population with a specified probability level (bt) can be calculated 
applying the binomial distribution with the following equation: 

67 � � � 6 8
"   or 9 �

:;	'*�< =)

:;< >
  Equ. 9 

The advantage of the application of binomial distribution for deciding on the required number 
of samples is that the sample size is independent from the number of sampling units (N) of 
the Sampling Frame to be sampled if N >> n. In the validation study, sample sizes 
corresponding to the 95% probability was chosen. The number of samples to find at least 
one value above the 90th, 95th, 97.5th, 98th and 99th percentile of the sampled population was 
29, 59, 119, 149 and 299, respectively as it can be seen in Table 10.  

Table 10.  Number of samples to be tested to find at least 1 value above the selected 
percentile at a given probability. 

� t  
80 85 90 95 98 99 

� p No. of samples to be tested  
99.9 1609 1897 2302 2995 3911 4603 

99.5 322 379 460 598 781 919 

99 161 189 230 299 390 459 
98 80 94 114 149 194 228 

97.5 64 75 91 119 155 182 
95 32 37 45 59 77 90 

90 16 19 22 29 38 44 
 

8.2 Validation of applicability of estimated number  of samples for testing 
AFM1 contamination in milk 

In order to test the applicability of equation 8 for predicting the probability of detecting one 
value above the selected percentile of a strongly skewed and scattered parent population,  
1000 and 10000 random samples of size 29, 59, 119, 149 and 299 were drawn with 
replacement from the results of the analyses of samples taken during time periods A, B and 
C representing, respectively (Table 11), the likely worst case, normal and optimal scenarios 
in terms of frequency distributions and range of AFM1 concentrations in milk.  

The results (Table 12) indicate good agreement between the theoretically expected (T) and 
the modelled probabilities (E) up to 97.5th percentiles even in case of 29 samples. 
The estimated values for higher percentiles are getting closer to the theoretical ones as the 
sample size increases. The larger differences between the theoretical and experimental 
values in case of the A dataset is attributed to the very scattered concentrations at the upper 
tail and partly truncated values above 100 ngkg-1. The number of repeated random sampling 
did not practically influence the probability of estimation of selected percentiles over 1000 
iterations. (Figure 8). Consequently, the conclusions drawn from 10000 repeated random 
sampling are reliable and there is no need to model the effect of sample size with larger 
number of iterations. Lower number of samples estimates the upper percentiles with lower 
probability than the theoretically expected.  
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Table 11. Summary characteristics of 3 different populations (A, B, C)  

Data sets A B C 

No. of samples 4148 18149 3816 

Min 0 1 1 

Max 172 280 154 

Average 31.65487 14.52521 11.88443 

St Dev 19.83028 12.58414 8.689006 

Median 28 12 10 

P0.95 74 34 27 

P0.975 88 41 32 

P0.98 92 44 35 

P0.99 100 57 43.85 
 

Table 12. Probability of detecting at least one AFM1 concentrations above the selected 
percentiles of the parent population in n samples 

No. of samples 29  59  119  149  299  

Probability (ßt) of finding at least one value above the selected percentile (ßp) 

Poplation  ßp T E T E T E T E T E 

A
 

P0.99 25.3  35.1  44.7  58.5  69.8  83.8  77.6  89.3  95.0  99.1  

P0.98 44.3  42.9  69.6  68.4  91.0  90.4  95.1  94.8  99.8  99.8  

P0.975 52.0  51.1  77.5  76.7  95.1  94.8  97.7  97.5  99.9  99.9  

P0.95 77.4  77.4  95.2  94.6  99.8  99.7  100.0  100.0  100.0  100.0  

P0.90 95.3  94.4  99.8  99.7  100.0  100.0  100.0  100.0  100.0  100.0  

B
 

P0.99 25.3  24.8  44.7  45.1  69.8  69.7  77.6  77.7  95.0  95.4  

P0.98 44.3  42.0  69.6  67.0  91.0  89.3  95.1  94.3  99.8  99.7  

P0.975 52.0  50.2  77.5  76.3  95.1  94.3  97.7  97.4  99.9  99.9  

P0.95 77.4  77.4  95.2  95.0  99.8  99.8  100.0  100.0  100.0  100.0  

P0.90 95.3  93.4  99.8  99.6  100.0  100.0  100.0  100.0  100.0  100.0  

C
 

P0.99 25.3  24.1  44.7  42.7  69.8  68.2  77.6  76.2  95.0  94.2  

P0.98 44.3  40.9  69.6  65.3  91.0  88.3  95.1  93.3  99.8  99.7  

P0.975 52.0  51.2  77.5  76.9  95.1  94.7  97.7  97.6  99.9  100.0  

P0.95 77.4  76.1  95.2  94.4  99.8  99.7  100.0  100.0  100.0  100.0  

P0.90 95.3  93.9  99.8  99.6  100.0  100.0  100.0  100.0  100.0  100.0  

T : the theoretically expected probability 
E: probability of finding at least one value above the selected percentile of the AFM1 data 
population with drawing the indicated number of random samples  

The percentages of the values, being in the ranges of the 98.7th and the 97.5th percentiles 
(P0.987�  x � P0.975); and above the 98.7th percentile ( >P0.987), were also counted. The 
results are shown in table 13. The proportion above the selected percentiles were close to 
the proportion of the original data when taking 20 to 119 number of samples with the iteration 
of 1000 which indicates that the experimentally obtained probability of finding at least one 
value above the selected percentiles is very close to that of the original datasets.  
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Figure 8 . Comparison of the theoretical probability of detecting at least one value above the selected 

percentile of the parent population with samples of size n (gray), and the actual probability of detection 
found in 1000 (light) and 10000 (black) times repeated samples drawn with replacement from the A 

experimental parent population of AFM1 concentrations. 
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Table 13. Percentage of samples containing AFM1 concentration above the 40 ngkg-1 and 
50 ngkg-1 

A B C 
>P0.987 P0.987> x � P0.975 >P0.987 P0.987> x � P0.975 >P0.987 P0.987> x � P0.975 

Original data 12.85% 10.41% 1.35% 1.50% 0.63% 0.73% 

n=20 12.82% 10.36% 1.33% 1.52% 0.63% 0.75% 

n=25 12.82% 10.39% 1.35% 1.57% 0.63% 0.73% 

n=29 12.74% 10.40% 1.32% 1.53% 0.60% 0.72% 

n=49 12.83% 10.35% 1.36% 1.48% 0.62% 0.72% 

n=59 12.81% 10.39% 1.38% 1.51% 0.64% 0.75% 

n=119 12.88% 10.42% 1.33% 1.51% 0.63% 0.74% 
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9. ANNEX: BACKGROUND DATA FOR THE ESTIMATION OF 

UNCERTAINTY OF SAMPLING 

1. Taking composite samples from the cultivated fie lds 

In order to gain information on the distribution of average residues in representatives of crop 
groups, composite samples of apple (medium size crop), lettuce (leafy vegetable), parsley 
(leafy vegetables with small leaves) gooseberry (small fruits on bush type of pants)  and 
carrot (root vegetables) were taken from commercially cultivated fields in cooperation with 
plant protection specialists, who had detailed information on the agricultural practice for the 
selected commodities and could arrange the sampling programmes with the owners of the 
fields. The commercial size fields of know pesticide treatment history have been selected 
from the typical growing regions of Hungary. The fields were cultivated and the pesticide 
applications were made by the owners of the fields according to regular agriculture practice 
Therefore, the residues measured in the crops sampled represent the typical residue 
distribution within and between fields. 

The records of pesticide applications were available for each field. The number of different 
pesticides applied on the sampled areas was: apple: 23 carrot: 10; gooseberry: 22; lettuce: 
12; and parsley: 6. 

The samples taken and analysed in field trials and composite sampling programmes are 
summarised in Table 1. 

Table 1. Summary of field trials and sampling programmes  

Crop No of fields 
No. of primary 

samples 

No. of 
composite 
samples1 

Total number 
of samples 

Apple 25 12 4 100 

Carrot 8 12 4 32 

Gooseberry 25 10 4 100 

Lettuce 30 5 4 120 

Parsley leaves 8 10 4 32 

Total number of samples  384 

1 The composite samples consisted of 5-12 primary samples taken randomly.  

The apple samples were taken from randomly selected blocks of 4 adjacent trees by trained 
plant protection specialists involved in the project. The 4-block arrangement is widely used in 
field trial designs for determining pesticide residues.41 3-3 apples were taken from various 
positions (low, middle, upper, inner outer) within each tree according to the decision of the 
sampling officer. 

In case of gooseberry, the 10 sampling positions (one bush for each position) were selected 
randomly from the field taking into account the rows and number of bushes in a row. About 
100 g fruits were collected approximately proportionally to the abundance of fruits from the 
whole bush (Figure 1). 

                                                 
41 Ambrus A. and Lantos J. Evaluation of the Studies on Decline of Pesticide Residues, J. Agric Food. Chem. 50. 
4846-4851, 2002. 
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Figure 1. Taking samples from gooseberry field 

The composite lettuce samples were taken along the diagonal lines of the fields, starting at 
the four corners. 

The composite samples of carrot and parsley were taken independently by four trained staff 
members of HFSO from 10 positions along the diagonal lines of the whole fields starting from 
the 4 corners.   

2. Sampling of natural crop units or single increme nts 

There are a number of publications reporting the distribution of pesticide residues in 
individual fruits (apple, banana, kiwi, orange, peach, pear, plum) and medium size 
vegetables (potato and tomato)42,43,44), small and large crops, and leafy vegetables (cabbage, 
kale, chicory)45,46,47,48 lettuce and grape.49 

To complement the available information from the previously conducted trials and available 
from the scientific literature 120 primary samples were taken from each of three carrot and 
parsley fields. In these commercially cultivated fields the plants were grown in beds 
consisting 3×2 rows. The random sampling plans were designed by the HFSO project 
coordinator. For each field, the sampled area consisted of four, not adjacent, 30 m long beds 
indicated with A, B, C and D. The sampling area was marked at least 3 m from the edge of 
the field. The rows within a bed are indicated with a, k and c. The sampling positions were 

                                                 
42Hill, A.R.C. and Reynolds, S.L. Unit-to-unit variability of pesticides residues in fruit and vegetables. Food 
Additives and Contaminants, 19, 733-747,  2002. 
43Ambrus A. Estimation of Uncertainty of Sampling for Analysis of Pesticides Residues.  J. Environ. Sci. Health. B 
1996, 31 (3), 435-442. 
44Chaido Lentza-Rizos and Alfaios Balokas, Residue Levels of Chlorpropham in Individual Tubers and Composite 
Samples of Postharvest-Treated Potatoes, J. Agric. Food Chem49, 710� 714,.2001. 
45 Ambrus Á., Variability of pesticide residues in crop units, Pest Manag Sci. 62: 693-714, 2006. 
46SONG Yu-feng, LU Xiao and REN Feng-shan Variability of Pesticide Residues in Vegetables from the 
Marketplaces in Jinan City 
47M. Earl, M. Kaethner and M. Uilhein, Unit to unit variation of pesticide residue – options for dietary risk 
assessment, Food Additives & Contaminants, 17, 583-589, 2000 
48Elosa Caldas, Andria Jardim, Arpad Ambrus and Luiz Cesar Souza, Variability of organophosphoruse 
insecticide residues residues in large size crops grown in commercial farms in Brazil,  Food Additives and 
Contaminants,  23, 148-158, 2006. 
49FAO. 2002. Pesticide residues in food-2002. Report of the 2002 JMPR. FAO Plant Production and Protection 
Paper 172. Annex 7. Rome. http://www.fao.org/agriculture/crops/core-themes/theme/pests/pm/jmpr/jmpr-rep/en/ 
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selected in the beds by drawing random numbers with the built in Excel programme 
[=randbetween(0;1200]. In the beds, the sampling positions were allocated according to the 
random numbers as follow: A: 1-300, B: 301-600; C: 601-900; 901-1200. Each number 
indicated 10 cm section along the 30 m sampling area. The rows with the bed were selected 
according to the last digit in the random number: a: 1, 5, 9 (0); k: 2, 4, 8; c: 3, 6, 7 (0). The 
sampling positions based on numbers ending with 0 were alternately in rows a and c. The 
first 10 random numbers and the corresponding sampling positions in the 1st field are shown 
in Table 2. 

Healthy well developed carrots were taken from the selected sampling positions, or from their 
close vicinity. Samples were taken from independently selected random positions allocated 
following the same principle. 

Table 2. Illustration of random sampling positions 

Serial 
number 

Random 
number 

Corresponding position 
along the bed  [m] 

Position with row  
[m] 

1 708 708-610=98 8.8 C-9.8k 

2 813 813-610=203 20.3 C-20.3c 

3 1112 1112-910=202 20.2 D-20.2k 

4 15 15 0.1 A-0.1a 

5 1162 1162-910=252 25.2 D-25.2k 

6 671 671-610=71 6.1 C-6.1a 

7 604 614-610=4 0.1 C-0.4k 

8 393 393-300=93 9.3 B-9.3c 

9 65 65 6.5 A-6.5a 

10 357 357-300=57 5.7 B-5.7c 

 

3. Analysis of samples 

The samples of carrot, parsley and gooseberry were taken to the testing laboratory on the 
day of sampling. Apple and lettuce samples were delivered within 24 hours after sampling. 
During the interim storage and transport the samples were kept at room temperature. The 
samples were processed on the day of receipt or during the following day, and the whole 
laboratory sample was homogenised in the presence of dry ice. 

The samples were analysed by the Hungarian national reference laboratory for pesticide 
residues in fruits and vegetables with the QUECHER method applying LC/MS/MS detection. 
This method has been used routinely in the testing laboratory and its performance had been 
tested regularly with reanalyses of replicate test portions according to the SOPs included and 
Quality Manual. In addition, the performance of the method was verified with recovery 
studies performed for the pesticide residues specifically looked for based on the pesticide 
application records. An example for recording the measurtement results is given in Table 3. 
The avarage recoveries are given in Table 4. 
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Table 3. Results of tefluthrin analysis in carrots in bed C of field 1 

Sampling 
position 

Mass of 
primary 
sample 

(g) 

Residue 
(mg/kg) 

Dates of analyses Residues 
in 

retained 
test portion 

(mg/kg) 

Dates of analyses 

Extraction 
  

GC-MS/MS 
  

Extraction 
GC-

MS/MS 

    
C-0,4k 146.1 0.03956 2009.11.12 2009/11/12-16       
C-1,9a 176.6 0.10429 2009.11.12 2009/11/12-16 0.09145 2009.11.13 2009.11.17 
C-2,2k 114.1 0.10025 2009.11.12 2009/11/12-16       
C-4,7c 207.1 0.07395 2009.11.12 2009/11/12-16       
C-5,1a 155.3 0.06293 2009.11.12 2009/11/12-16       
C-7,1a 283.9 0.06635 2009.11.12 2009/11/12-16       
C-7,4k 104.4 0.06805 2009.11.12 2009/11/12-16       
C-8,7c 139.6 0.01260 2009.11.12 2009/11/12-16       
C-9,5a 224.9 0.01255 2009.11.12 2009/11/12-16       
C-10c 189.5 0.06479 2009.11.12 2009/11/12-16       
C-10,4k 130.3 0.06590 2009.11.12 2009/11/12-16       
C-10,6c 140 0.09040 2009.11.12 2009/11/12-16       
C-10,8k 135.2 0.09053 2009.11.12 2009/11/12-16       
C-12,9a 150.8 0.05362 2009.11.12 2009/11/12-16       
C-13,7c 122.8 0.05360 2009.11.12 2009/11/12-16       
C-14,6c 98.8 0.06195 2009.11.12 2009/11/12-16       
C-16,6c 154.7 0.05977 2009.11.12 2009/11/12-16       
C-16,7c 118 0.08579 2009.11.12 2009/11/12-16 0.08659 2009.11.13 2009.11.17 
C-17,6c 96.9 0.08771 2009.11.12 2009/11/12-16       
C-18k 130.7 0.15120 2009.11.12 2009/11/12-16       
C-19,2k 158.1 0.14529 2009.11.12 2009/11/12-16       
C-19,5a 124.6 0.07040 2009.11.12 2009/11/12-16       
C-21,3c 149 0.07144 2009.11.12 2009/11/12-16       
C-21,5a 217.7 0.05924 2009.11.12 2009/11/12-16       
C-22,4k 68.6 0.06061 2009.11.12 2009/11/12-16       
C-23,4k 171.5 0.09302 2009.11.12 2009/11/12-16       
C-23,7c 224.2 0.09919 2009.11.12 2009/11/12-16       
C-24,7c 216.8 0.12972 2009.11.12 2009/11/12-16       
C-24,9a 201.5 0.13289 2009.11.12 2009/11/12-16       
C-26,3c 203.7 0.13439 2009.11.12 2009/11/12-16       
C-27,2k 127.8 0.14185 2009.11.12 2009/11/12-16       
C-28k 229.2 0.0660 2009.11.12 2009/11/12-16       
C-29,9a 167.5 0.06386 2009.11.12 2009/11/12-16       

The validated limit of quantification (LOQ) was 5 µg/kg for the residues tested. However, 
where the detection conditions permitted more sensitive quantification lower residue values 
were also reported. The performance of the methods applied comply with the criteria 
specified in the relevant guidelines.50,51 

The reproducibility of the analysis was tested with reanalysis of retained test portions (equ. 
1).  

�� 
 � 
� �

�
� ������	  Equ. 1 

                                                 
50Method Validation and Quality Control Procedures for Pesticide Residues Analysis in 
Food And Feed, Document N° Sanco/12495/2011 
51Codex Secretariat (2003) Revised Guidelines on Good Laboratory Practice in Residue Analysis CAC/GL 40-
1993, Rev.1-2003 http://www.codexalimentarius.net/download/standards/378/cxg_040e.pdf 
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Where ��
�� � �� � �

��
	and R1 and R2 are the results of analyses of retained test portions, and n is 

the number of test portions reanalysed on different days.  

The summary of results is shown in Table 5. 

Table 4. Summary of average recoveries (Qa) and relative standard deviations (CVA) of 
pesticide residues  

Crop Spike 
level 

5 mg/kg 10 mg/kg 20 mg/kg 50 mg/kg 1001mg/kg 

 No of ai t Qa CVA Qa CVA Qa CVA Qa CVA Qa CVA 

Apple 23 86.1 16.5 85.2 14.8 91.0 9.7 81.2 8.4 87.7 5.8 

Carrot 6 92.7 0.079 93.2 8.33   85.5 7.25   

Gooseberry 22 95.4 20.3 101.7 16.2     91.9 3.6 

Lettuce 12 97.4 11.0 99.8 7.0     89.0 4.2 

Parsley 
leaves 5 94.0 11.4 99.0 9.63   81.0 7.80   

1the spike level was 200mg/kg for gooseberry and lettuce  
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Table 5. Reproducibility (CVL) of the determination of pesticide residues in composite samples. 
APPLE LETTUCE GOOSEBERRY 

Active 
ingredient 

No. of 
trials 

CVL Active 
ingredient 

No. of 
trials 

CVL Active 
ingredient 

No. of 
trials 

CVL 

acetamipirid 12 0.115 azoxystrobin 9 0.210 acetamipride 2 0.043 

chlorantraniliplore 14 0.115 benfluralin 2 0.214 azoxystrobin 3 0.069 

chlorpyrifos 10 0.120 cyprodinil 2 0.042 cyproconazole 3 0.098 

clothianidin 1 0.135 fenhaxamid 4 0.053 cyprodinil 1 0.133 

cyprodinil 1 0.218 fludioxinil 2 0.126 difenoconazole 5 0.052 

difenoconazole 11 0.186 
lambda-
cyhalothrin 

3 0.112 dimethoate 6 0.329 

diflubenzuron 7 0.085 propamocarb 5 0.078 dinocap 16 0.114 

fenoxycarb 4 0.217 propyzamide 3 0.185 fenarimol 2 0.096 

fenpyroxymate 3 0.328 spiroxamine 2 0.091 fenpyroximate 1 0.004 

hexythiazox 1 0.169 tebuconazole 2 0.047 fluquinconazole 2 0.079 

indoxacarb 4 0.128 thiacloprid 1 0.116 
kresoxim-
methyl 

3 0.165 

lufenuron 8 0.189 thiametoxam 7 0.091 myclobutanil 10 0.174 

methoxyfenozide 10 0.162 CARROT omethoate 8 0.088 

propargite 2 0.036 trifloxystrobin 4 0.041 penconazole 14 0.114 

pyraclostrobin 7 0.140 tefluthrin 4 0.042 proquinazide 3 0.171 

pyridaben 2 0.093 linuron 4 0.121 pyraclostrobin 3 0.090 

spirodiclofen 3 0.206 esfenvalerate 2 0.152 pyrimethanil 6 0.161 

tubenfenpyrad 3 0.241 dimetoathe 1 0.063 spiroxamine 1 0.125 

teflubenzuron 9 0.148 cyproconazole 7 0.034 tebuconazole 8 0.282 

tetraconazole 5 0.225 azoxystrobin 7 0.113 tetraconazole 4 0.137 

thiacloprid 7 0.192 PARSLEY  thiacloprid 2 0.137 

triflumuron 15 0.141 azoxystrobin 32 0.177 triflumuron 1 0.006 

   
difenoconazole 32 0.227 

   

   
linuron 8 0.381 

   

   
metolachlor 16 0.254 
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4. Summary of residues measured in composite sample s  

Table 6. Calculated CVR, CVL and CVS values from residues measured in four replicate samples 
taken from apple fields of known pesticide application history 

Field 
(n=25) Active ingredient 

Residues (µg/kg) in replicate samples 
CVR 

a CVL 
b CVR 

ave c 
CVL 
ave d CVS 

e 
R1 R2 R3 R4 Rave 

A/1 

chlorantraniliplore 1.67 5.98 5.66 17.02 7.58 0.98 0.09       

chlorpyrifos-methyl 26.34 54.08 20.54 49.10 37.52 0.43 0.29     

indoxacarb 14.93 21.82 23.64 28.06 22.11 0.29 0.21     

methoxyfenozide 21.67 18.61 43.68 45.69 32.41 0.41 0.19     

teflubenzuron 5.90 7.90 7.22 5.45 6.62 0.18 0.21     

thiacloprid 4.12 3.56 11.74 14.51 8.48 0.63 0.30     

triflumuron 7.09 8.02 9.00 15.24 9.84 0.40 0.22 0.47 0.21 0.42 

A/2 

acetamipirid 1.95 2.39 1.30 1.87 1.88 0.28 0.19       

chlorantraniliplore 8.68 9.36 11.17 12.23 10.36 0.17 0.17     

difenoconazole 3.37 2.73 5.57 5.88 4.39 0.35 0.18     

fenpyroxymate 7.38 8.89 9.89 13.92 10.02 0.32 0.06 0.28 0.15 0.24 

A/3 

chlorantraniliplore 1.46 1.31 4.41 1.39 2.14 0.70 0.24       

difenoconazole 1.17 2.11 2.89 2.34 2.13 0.39 0.15     

diflubenzuron 36.82 34.24 45.74 31.05 36.96 0.19 0.08     

tubenfenpyrad 1.60 6.29 3.31 3.43 3.66 0.62 0.24     

teflubenzuron 7.33 50.73 29.58 47.22 33.72 0.63 0.24     

triflumuron 27.34 38.10 38.07 34.06 34.39 0.15 0.03 0.45 0.16 0.42 

A/4 

acetamipirid 5.09 7.89 5.43 8.11 6.63 0.22 0.03       

chlorantraniliplore 1.74 - 0.49 0.20 0.81 1.12 0.10     

diflubenzuron 23.30 23.58 28.54 26.74 25.54 0.10 0.04     

indoxacarb 44.56 23.26 24.69 31.18 30.92 0.33 0.05     

methoxyfenozide 4.99 1.26 5.78 2.30 3.58 0.61 0.14     

spirodiclofen 40.41 34.58 23.57 27.58 31.54 0.26 0.17     

teflubenzuron 77.75 8.26 47.90 56.68 47.65 0.71 0.09     

triflumuron 9.13 7.30 13.28 14.54 11.06 0.32 0.06 0.46 0.09 0.45 

A/5 

chlorantraniliplore 13.22 12.93 13.01 17.85 14.25 0.17 0.16       

chlorpyrifos 7.85 2.74 6.07 13.65 7.58 0.70 0.11     

difenoconazole 5.65 5.52 6.47 7.13 6.19 0.13 0.34     

fenoxycarb 28.54 38.93 29.63 78.03 43.78 0.55 0.18     

hexythiazox 7.69 8.01 4.13 11.17 7.75 0.44 0.17     

indoxacarb 2.27 8.19 10.92 5.19 6.64 0.63 0.07     

lufenuron 33.76 32.99 34.10 45.85 36.68 0.17 0.24     

methoxyfenozide 34.43 15.36 26.64 25.59 25.51 0.36 0.05     

teflubenzuron 9.77 28.87 23.60 11.93 18.54 0.50 0.18     

tetraconazole 6.01 9.32 8.57 11.61 8.88 0.31 0.26     

thiacloprid 28.03 18.48 29.37 26.64 25.63 0.21 0.07     

triflumuron 43.33 32.75 38.67 52.65 41.85 0.23 0.16 0.37 0.17 0.33 

A/6 

chlorantraniliplore 25.76 9.75 30.57 21.86 21.99 0.46 0.10       

chlorpyrifos 9.23 2.91 7.94 0.12 5.05 0.88 0.22     

pyraclostrobin 4.22 1.49 0.79 0.55 1.76 1.01 0.04     

triflumuron 15.70 9.10 11.73 5.13 10.42 0.49 0.24 0.71 0.15 0.69 

A/7 
acetamipirid 4.45 3.55 10.68 13.36 8.01 0.59 0.32       

chlorantraniliplore 14.70 11.44 15.95 12.65 13.69 0.16 0.18     
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Field 
(n=25) Active ingredient 

Residues (µg/kg) in replicate samples 
CVR 

a CVL 
b CVR 

ave c 
CVL 
ave d CVS 

e 
R1 R2 R3 R4 Rave 

chlorpyrifos 17.63 32.26 104.09 90.22 61.05 0.69 0.03     

difenoconazole 2.73 3.94 5.97 6.10 4.69 0.35 0.09     

pyraclostrobin 1.32 4.98 4.00 3.99 3.57 0.50 0.29     

tetraconazole 10.43 11.39 25.98 14.88 15.67 0.48 0.23 0.46 0.19 0.42 

A/8 

acetamipirid 12.29 3.92 - - 8.11 0.92 0.00       

cyprodinil 7.24 6.19 0.96 0.46 3.71 0.89 0.22     

methoxyfenozide 3.22 1.34 3.54 3.61 2.93 0.38 0.06     

thiacloprid 104.10 55.97 4.31 3.90 42.07 1.16 0.08 0.83 0.09 0.83 

A/9 

acetamipirid 7.96 7.83 10.65 5.58 8.01 0.31 0.14       

chlorantraniliplore 22.64 18.48 33.52 21.44 24.02 0.30 0.05     

fenoxycarb 19.48 14.21 28.46 14.73 19.22 0.36 0.31     

lufenuron 26.69 17.98 34.10 18.25 24.26 0.32 0.35     

methoxyfenozide 1.59 0.62 2.56 0.39 1.29 0.82 0.29     

tubenfenpyrad 5.61 5.08 7.76 3.08 5.38 0.42 0.18 0.42 0.22 0.36 

A/10 

acetamipirid 5.62 4.44 5.23 5.72 5.25 0.12 0.02       

chlorantraniliplore 21.76 19.96 26.36 29.09 24.29 0.18 0.21     

fenoxycarb 6.77 8.68 17.09 13.47 11.50 0.44 0.30     

lufenuron 7.45 11.76 16.82 16.16 13.05 0.35 0.17 0.27 0.17 0.21 

A/11 

chlorantraniliplore 13.62 8.72 7.73 9.94 10.00 0.29 0.06       

tetraconazole 0.95 0.50 1.53 3.06 1.51 0.82 0.33     

triflumuron 17.80 7.51 6.55 10.04 10.48 0.52 0.08 0.54 0.16 0.52 

A/12 

acetamipirid 1.24 2.53 2.57 1.34 1.92 0.34 0.24       

chlorantraniliplore 9.44 7.18 11.09 6.56 8.57 0.26 0.07     

methoxyfenozide 5.53 5.07 2.00 3.60 4.05 0.42 0.39    

triflumuron 5.47 1.37 4.01 1.29 3.04 0.67 0.16 0.42 0.22 0.36 

A/13 

acetamipirid 32.24 39.93 35.66 28.08 33.98 0.17 0.00       

chlorantraniliplore 29.76 24.97 26.45 19.47 25.16 0.20 0.07     

diflubenzuron 44.05 33.56 33.98 28.92 35.13 0.21 0.02     

fenpyroxymate 24.92 23.26 23.48 14.61 21.57 0.23 0.21     

lufenuron 38.38 42.27 24.71 24.36 32.43 0.27 0.26     

pyraclostrobin 1.27 2.54 3.29 1.35 2.11 0.46 0.12     

thiacloprid 2.29 3.34 2.00 2.85 2.62 0.25 0.48     

triflumuron 51.80 48.95 41.23 39.00 45.25 0.14 0.22 0.24 0.17 0.17 

A/14 

acetamipirid 19.14 25.50 29.10 23.41 24.29 0.20 0.03       

chlorantraniliplore 27.85 32.86 48.62 38.70 37.01 0.27 0.02     

difenoconazole 2.35 2.93 2.99 2.00 2.57 0.19 0.19     

diflubenzuron 97.29 79.19 84.51 59.92 80.23 0.23 0.12     

fenoxycarb 79.63 72.59 78.22 56.23 71.67 0.16 0.09     

fenpyroxymate 1.59 1.95 1.04 2.20 1.70 0.33 0.72     

lufenuron 53.00 43.06 55.16 40.72 47.99 0.15 0.18     

pyraclostrobin 2.07 4.03 2.80 0.42 2.33 0.75 0.43     

spirodiclofen 40.14 32.81 61.40 49.68 46.01 0.30 0.14     

thiacloprid 3.49 5.84 5.54 4.27 4.79 0.24 0.03     

triflumuron 47.59 48.22 51.82 48.65 49.07 0.04 0.07 0.26 0.18 0.18 

A/15 
chlorantraniliplore 7.62 9.37 7.97 5.80 7.69 0.23 0.09       

chlorpyrifos 27.02 13.85 9.55 5.57 14.00 0.74 0.13     

difenoconazole 2.23 3.69 1.61 1.73 2.32 0.44 0.31     
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Field 
(n=25) Active ingredient 

Residues (µg/kg) in replicate samples 
CVR 

a CVL 
b CVR 

ave c 
CVL 
ave d CVS 

e 
R1 R2 R3 R4 Rave 

triflumuron 12.52 10.86 12.38 9.87 11.41 0.11 0.04 0.38 0.14 0.35 

A/16 difenoconazole 13.39 9.05 8.72 6.25 9.35 0.37 0.18 0.37 0.18 0.32 

A/17 

diflubenzuron 25.26 24.89 30.25 43.71 31.03 0.29 0.03       

methoxyfenozide 7.21 6.83 7.92 8.33 7.57 0.10 0.10     

propargite - 10.64 - 7.21 8.93 0.19 0.03     

pyridaben 4.84 4.32 5.69 7.10 5.49 0.25 0.16     

spirodiclofen 5.52 7.98 5.69 3.55 5.69 0.38 0.31     

teflubenzuron 44.54 57.38 46.52 75.31 55.94 0.27 0.05 0.24 0.11 0.22 

A/18 
pyraclostrobin 26.90 21.38 26.78 35.81 27.72 0.25 0.05       

teflubenzuron 126.21 14.57 118.22 128.12 96.78 0.57 0.09 0.41 0.07 0.41 

A/19 

acetamipirid 42.54 23.32 17.76 14.68 24.58 0.55 0.20       

chlorpyrifos 12.08 43.46 17.80 9.66 20.75 0.79 0.09     

difenoconazole 6.84 17.51 3.06 5.49 8.23 0.85 0.05     

methoxyfenozide 3.00 2.56 0.41 1.89 1.97 0.64 0.09     

teflubenzuron 10.78 10.70 1.65 12.03 8.79 0.57 0.16     

tetraconazole 8.48 8.41 7.66 5.14 7.42 0.22 0.10     

triflumuron 103.67 92.31 62.73 102.79 90.38 0.22 0.13 0.55 0.12 0.54 

A/20 

chlorpyrifos 17.97 36.50 10.68 30.36 23.88 0.53 0.13       

difenoconazole 3.18 5.37 3.48 4.95 4.25 0.25 0.11     

diflubenzuron 8.10 7.60 10.16 6.15 8.00 0.24 0.29     

pyraclostrobin 3.50 4.69 4.53 4.85 4.39 0.15 0.01     

tetraconazole 11.45 10.71 11.86 13.34 11.84 0.11 0.20 0.26 0.15 0.21 

A/21 
chlorpyrifos 81.01 90.08 46.93 61.90 69.98 0.30 0.06       

pyridaben 7.48 6.33 4.70 4.27 5.70 0.27 0.03 0.29 0.05 0.28 

A/22 

clothianidin 2.68 6.70 7.21 6.70 5.82 0.38 0.14       

lufenuron 19.50 18.75 17.37 24.48 20.03 0.17 0.18     

methoxyfenozide 63.67 62.99 113.06 83.63 80.84 0.30 0.10     

triflumuron 69.78 55.68 67.53 52.48 61.37 0.14 0.09 0.25 0.13 0.21 

A/23 

acetamipirid 5.74 3.31 4.04 3.65 4.19 0.28 0.08       

chlorpyrifos-methyl 16.01 18.72 3.12 15.86 13.43 0.56 0.14     

difenoconazole 3.99 2.85 2.80 2.82 3.12 0.19 0.20     

lufenuron 18.15 13.77 14.99 23.20 17.53 0.26 0.11     

methoxyfenozide 7.59 6.90 7.64 9.69 7.96 0.17 0.22     

pyraclostrobin 9.96 7.96 7.11 9.17 8.55 0.16 0.04     

tubenfenpyrad 15.10 12.10 12.27 16.23 13.93 0.14 0.31     

teflubenzuron 31.40 22.71 30.54 36.05 30.18 0.21 0.12     

thiacloprid 2.03 0.85 1.20 0.98 1.27 0.45 0.31     

triflumuron 16.25 13.37 20.09 19.45 17.29 0.19 0.36 0.26 0.19 0.18 

A/24 

chlorpyrifos 5.04 12.74 7.61 5.98 7.84 0.48 0.00       

difenoconazole 7.04 7.11 3.50 3.77 5.36 0.33 0.25     

lufenuron 9.37 13.53 16.88 10.73 12.63 0.29 0.02     

propargite 108.72 130.82 97.63 124.22 115.35 0.14 0.04     

triflumuron 110.20 120.28 100.05 94.41 106.24 0.12 0.13 0.27 0.09 0.26 

A/25 

diflubenzuron 110.65 90.89 87.81 86.55 93.98 0.12 0.01       

indoxacarb 40.79 36.07 72.10 60.01 52.24 0.33 0.18     

teflubenzuron 11.13 9.16 8.33 9.97 9.65 0.14 0.18     

thiacloprid 3.24 2.85 2.71 1.37 2.54 0.36 0.07 0.24 0.11 0.21 
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a Relative standard deviation of residues calculated with Range statistics from 4 samples; 
b Relative standard deviation calculated from repeated analysis of retained test portions; 
c Average of relative standard deviations (CVR); 
d Average of relative standard deviations (CVL); 
e Uncertainty of sampling 
Note: Residue values reported do not indicate the number of significant figures. 
 

Table 7. Calculated CVR, CVL and CVS values from residues measured in four replicate samples 
taken from gooseberry fields of known pesticide application history 

Field 
(n=22) Active ingredient 

Residues (µg/kg) in replicate samples 
CVR 

a CVL 
b CVR 

ave c 
CVL 
ave d CVS 

e 
R1 R2 R3 R4 Rave 

G/1 

difenoconazole 3.00 7.81 9.86 8.23 7.23 0.46 0.08       
dimethoate 3.70 6.43 9.40 6.25 6.45 0.43 0.75     

dinocap 137.36 447.34 972.23 897.73 613.67 0.66 0.02     

fenarimol 42.91 27.40 22.23 9.56 25.53 0.63 0.14     

omethoate 16.95 23.62 28.77 26.96 24.08 0.24 0.02 0.48 0.20 0.44 

G/2 

difenoconazole 635.94 616.17 798.07 829.25 719.86 0.14 0.02       

pyrimethanil 1.83 1.18 2.53 1.30 1.71 0.38 0.46     

tebuconazole 7.96 7.16 11.92 16.84 10.97 0.43 0.07 0.32 0.18 0.26 

G/3 

difenoconazole 111.94 293.67 678.93 422.64 376.80 0.73 0.01       

dinocap 423.92 144.44 3091.35 1801.99 1365.43 1.05 0.37     

fenarimol 47.96 14.76 22.23 5.00 22.49 0.93 0.05     

penconazole 44.36 3.30 237.84 203.76 122.32 0.93 0.15     

tebuconazole 1.09 5.16 8.69 1.32 4.07 0.91 1.07 0.91 0.33 0.85 

G/4 

cyprodinil 51.47 37.63 58.97 59.41 51.87 0.20 0.13       

fluquinconazole 227.78 144.38 197.22 163.34 183.18 0.22 0.07     

penconazole 196.39 128.10 164.37 161.30 162.54 0.20 0.06 
  

  

pyrimethanil 396.93 337.39 475.16 383.09 398.14 0.17 0.06     

tebuconazole 4.60 3.02 4.32 5.63 4.39 0.29 0.47     

tetraconazole 109.67 75.45 96.80 122.60 101.13 0.23 0.01 0.22 0.13 0.17 

G/5 

difenoconazole 2.88 13.42 5.20 26.21 11.93 0.68 0.09       

dinocap 215.50 206.78 102.21 283.26 201.94 0.44 0.26 
  

  

triflumuron 10.85 41.18 15.98 28.02 24.01 0.61 0.01     

penconazole 12.92 8.50 16.54 4.22 10.55 0.57 0.05 0.57 0.10 0.57 

G/8 

dimethoate 7.58 24.58 18.27 19.30 17.43 0.47 0.16       

dinocap 24.93 97.44 63.72 95.60 70.42 0.50 0.11     

myclobutanil 18.06 30.20 22.34 35.19 26.45 0.31 0.07     

omethoate 5.47 13.18 10.82 9.04 9.63 0.39 0.07     

penconazole 49.72 49.37 34.83 70.97 51.22 0.34 0.09     

tebuconazole 45.89 54.51 22.72 24.76 36.97 0.42 0.04 0.41 0.09 0.40 

G/10 

dinocap 5.00 26.96 34.71 54.08 30.19 0.79 0.03       

myclobutanil 5.00 17.13 16.42 19.80 14.59 0.49 0.12     

penconazole 34.45 56.21 42.39 34.18 41.81 0.26 0.13     

tebuconazole 5.00 27.71 40.22 18.14 22.77 0.75 0.12 0.57 0.10 0.56 

G/11 
myclobutanil 17.86 13.89 12.24 10.26 13.56 0.27 0.22       

proquinazide 172.05 173.24 133.43 107.16 146.47 0.22 0.20     
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Field 
(n=22) Active ingredient 

Residues (µg/kg) in replicate samples 
CVR 

a CVL 
b CVR 

ave c 
CVL 
ave d CVS 

e 
R1 R2 R3 R4 Rave 

spiroxamine 192.89 189.41 169.94 165.69 179.48 0.07 0.12 
  

  

tebuconazole 306.18 328.92 268.15 227.78 282.76 0.17 0.15     

tetraconazole 10.19 13.74 13.12 4.20 10.31 0.45 0.30     

thiacloprid 17.09 19.98 13.22 21.97 18.07 0.24 0.18 0.24 0.20 0.13 

G/12 

acetamipride 237.32 237.46 200.84 164.68 210.08 0.17 0.02       

dinocap 47.57 87.45 93.48 37.00 66.38 0.41 0.02     

myclobutanil 13.35 14.34 10.73 7.99 11.60 0.27 0.13     

penconazole 124.25 142.48 149.64 93.05 127.36 0.22 0.09     

proquinazide 64.46 81.87 93.16 63.28 75.69 0.19 0.15     

pyraclostrobin 5.56 9.08 4.36 7.11 6.53 0.35 0.02 0.27 0.07 0.26 

G/13 

kresoxim-methyl 427.27 572.13 487.03 448.09 483.63 0.15 0.24       

omethoate 18.25 20.25 26.34 16.12 20.24 0.25 0.02     

penconazole 37.80 54.78 39.51 31.44 40.88 0.28 0.18 0.22 0.15 0.17 

G/14 

cyproconazole 2.12 2.05 1.32 2.10 1.90 0.20 0.09       

myclobutanil 43.03 32.54 37.75 39.33 38.16 0.13 0.13     

penconazole 41.84 37.45 33.99 42.05 38.83 0.10 0.05     

pyraclostrobin 18.64 20.03 14.56 18.40 17.91 0.15 0.12     

tebuconazole 28.42 27.72 29.79 28.89 28.71 0.04 0.10 0.12 0.10 0.08 

G/15 

cyproconazole 2.48 3.43 1.47 2.90 2.57 0.37 0.20       

myclobutanil 55.89 52.72 45.00 76.46 57.52 0.27 0.23     

penconazole 43.81 32.70 23.00 46.10 36.40 0.31 0.13     

proquinazide 1.74 2.10 2.32 2.31 2.12 0.13 0.16 
  

  

pyraclostrobin 24.81 12.99 17.26 20.55 18.90 0.30 0.13     

tebuconazole 35.16 24.88 33.34 29.14 30.63 0.16 0.24 0.26 0.18 0.18 

G/16 

cyproconazole 18.81 21.61 31.25 25.67 24.34 0.25 0.00       

dimethoate 1629 1585. 1663.10 1209.65 1521.81 0.14 0.03     

dinocap 1091 1660 2058.57 1217.18 1506.82 0.31 0.03 
  

  

myclobutanil 386. 500. 651.30 529.54 516.97 0.25 0.04     

omethoate 378. 374. 335.49 279.18 341.71 0.14 0.08 0.22 0.04 0.22 

G/17 dinocap 212.00 161.67 241.88 528.86 286.10 0.62 0.04 0.62 0.04 0.62 

G/18 

dinocap 33.44 43.53 80.21 76.65 58.46 0.39 0.16       

myclobutanil 20.45 19.58 29.66 25.81 23.88 0.21 0.37     

penconazole 5.89 1.26 11.00 8.12 6.57 0.72 0.24     

tetraconazole 195.97 130.89 40.18 105.97 118.25 0.64 0.07 0.49 0.21 0.44 

G/19 

dinocap 29.99 23.53 31.78 37.83 30.78 0.23 0.01       

myclobutanil 23.57 13.59 27.15 22.21 21.63 0.30 0.22     

penconazole 5.48 0.52 5.95 4.77 4.18 0.63 0.23     

tetraconazole 50.88 59.05 61.53 57.37 57.21 0.09 0.17 0.31 0.16 0.27 

G/20 
dinocap 6.07 2.28 5.89 7.09 5.33 0.44 0.14       

myclobutanil 46.04 27.43 33.47 41.57 37.13 0.24 0.21 0.34 0.18 0.29 

G/21 

azoxystrobin 229.18 244.11 170.16 163.23 201.67 0.19 0.08       

dimethoate 29.83 19.91 15.37 13.25 19.59 0.41 0.35     

dinocap 404.76 103.05 75.62 106.04 172.37 0.93 0.18     
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Field 
(n=22) Active ingredient 

Residues (µg/kg) in replicate samples 
CVR 

a CVL 
b CVR 

ave c 
CVL 
ave d CVS 

e 
R1 R2 R3 R4 Rave 

omethoate 106.79 42.89 53.17 44.03 61.72 0.50 0.17 
  

  

penconazole 156.48 170.18 74.56 196.81 149.51 0.40 0.03 0.49 0.16 0.46 

G/22 

dimethoate 3.24 10.64 3.49 14.39 7.94 0.68 0.62       

dinocap 456.75 414.37 491.64 283.47 411.56 0.25 0.14 
  

  

kresoxim-methyl 34.36 28.33 63.54 25.06 37.82 0.49 0.12     

omethoate 7.01 5.74 5.65 11.63 7.51 0.39 0.20     

penconazole 96.06 103.65 54.70 55.64 77.51 0.31 0.07     

pyrimethanil 7.64 4.93 9.04 11.24 8.21 0.37 0.14 0.41 0.22 0.35 

G/23 

azoxystrobin 348.33 402.34 344.71 293.58 347.24 0.15 0.09       

dinocap 5.80 5.15 2.08 3.75 4.20 0.43 0.26     

pyrimethanil 2.73 3.67 3.73 3.62 3.44 0.14 0.25 0.24 0.20 0.14 

G/24 

acetamipride 66.66 43.41 60.79 40.38 52.81 0.24 0.07       

azoxystrobin 768.69 780.41 983.70 937.97 867.69 0.12 0.04     

difenoconazole 535.74 504.29 776.80 640.31 614.29 0.22 0.06     

dimethoate 94.64 16.03 96.60 16.56 55.96 0.70 0.07     

dinocap 8.28 13.18 12.13 8.10 10.42 0.24 0.03     

fenpyroximate 39.77 17.71 22.58 25.09 26.29 0.41 0.00     

fluquinconazole 212.36 136.73 234.28 121.68 176.26 0.31 0.09     

omethoate 93.45 43.33 59.66 45.95 60.60 0.40 0.01 
  

  

pyrimethanil 145.71 68.15 133.02 61.85 102.18 0.40 0.01     

thiacloprid 362.14 580.34 363.25 316.70 405.61 0.32 0.09 0.33 0.05 0.33 

G/25 

dinocap 2421.42 2339.58 2254.65 2052.00 2266.91 0.08 0.01       

kresoxim-methyl 113.76 93.77 66.21 75.05 87.20 0.26 0.13     

omethoate 4.70 4.75 4.27 3.23 4.24 0.17 0.14     

penconazole 100.09 115.74 107.72 85.60 102.29 0.14 0.09     

pyrimethanil 12.58 10.44 13.61 11.20 11.96 0.13 0.05 0.16 0.08 0.13 

Legend: see Table 7 
 

Table 8. Calculated CVR, CVL and CVS values from residues measured in four replicate samples 
taken from lettuce fields of known pesticide application history 

Field 
(n=23) Active ingredient 

Residues (µg/kg) in replicate samples 
CVR 

a CVL 
b CVR 

ave c 
CVL 
ave d CVS 

e 
R1 R2 R3 R4 Rave 

L/1 azoxystrobin 24.45 30.73 8.59 11.04 18.70 0.57 0.65 0.57 0.65 0.00 

L/2 azoxystrobin 91.42 36.05 6.19 418.81 138.12 1.45 0.14 1.45 0.14 1.44 

L/4 
fenhaxamid 99.76 31.40 36.95 62.50 57.65 0.58 0.07       

propamocarb 12.32 1.95 2.50 4.91 5.42 0.93 0.07 0.75 0.07 0.75 

L/5 thiametoxam 30.15 32.54 28.03 30.73 30.36 0.07 0.08 0.07 0.08 0.00 

L/6 lambda-cyhalothrin 29.33 30.78 31.24 36.12 31.86 0.10 0.08 0.10 0.08 0.06 

L/7 
azoxystrobin 324.47 171.13 534.67 818.39 462.17 0.68 0.00       

propamocarb 37.52 7.43 22.25 180.47 61.92 1.36 0.10 1.02 0.05 1.02 

L/8 benfluralin 8.86 7.42 8.03 9.83 8.54 0.14 0.13 0.14 0.13 0.04 
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Field 
(n=23) Active ingredient 

Residues (µg/kg) in replicate samples 
CVR 

a CVL 
b CVR 

ave c 
CVL 
ave d CVS 

e 
R1 R2 R3 R4 Rave 

L/9 benfluralin 6.07 32.55 13.09 15.82 16.88 0.76 0.30 0.76 0.30 0.70 

L/10 azoxystrobin 17.94 22.17 20.53 23.34 21.00 0.12 0.04 0.12 0.04 0.12 

L/11 
azoxystrobin 28.98 18.32 26.87 32.45 26.66 0.26 0.17       

fenhaxamid 3.33 6.37 6.26 6.07 5.51 0.27 0.06 0.26 0.11 0.24 

L/13 azoxystrobin 195.17 191.42 457.42 265.52 277.38 0.47 0.04 0.47 0.04 0.46 

L/14 
spiroxamine 10.47 12.12 18.69 15.92 14.30 0.28 0.10       

tebuconazole 30.77 25.05 41.75 40.97 34.64 0.23 0.04 0.26 0.07 0.25 

L/15 azoxystrobin 126.85 342.14 130.95 177.14 194.27 0.54 0.14 0.54 0.14 0.52 

L/16 
spiroxamine 25.08 23.47 5.42 24.52 19.62 0.49 0.08       

tebuconazole 34.27 48.62 11.19 53.12 36.80 0.55 0.06 0.52 0.07 0.52 

L/17 azoxystrobin 97.76 100.19 94.65 101.54 98.54 0.03 0.67 0.03 0.67 0.00 

L/18 
propamocarb 2.97 5.89 2.49 3.71 3.77 0.44 0.12       

thiametoxam 21.37 20.57 25.51 21.94 22.35 0.11 0.13 0.27 0.12 0.24 

L/19 
fenhaxamid 236.84 443.92 461.91 59.35 300.51 0.65 0.04       

thiametoxam 169.47 231.21 203.57 164.26 192.13 0.17 0.02 0.41 0.03 0.41 

L/20 
fenhaxamid 119.53 144.82 109.98 49.41 105.94 0.44 0.05       

thiametoxam 326.73 588.20 651.73 478.22 511.22 0.31 0.02 0.37 0.03 0.37 

L/21 
propamocarb 6.49 6.42 7.60 10.63 7.79 0.26 0.06       

thiametoxam 20.46 25.69 18.29 22.00 21.61 0.17 0.02 0.21 0.04 0.21 

L/22 

azoxystrobin 321.55 283.48 290.58 - 298.54 0.08 0.04       

lambda-cyhalothrin 7.07 10.89 11.95 - 9.97 0.29 0.09     

propamocarb 533.78 534.71 552.02 563.38 545.97 0.03 0.04     

propyzamide 54.63 51.25 53.00 - 52.96 0.04 0.03 
  

  

thiametoxam 6.54 6.41 11.23 - 8.06 0.35 0.33 0.16 0.11 0.11 

L/23 

cyprodinil 580.75 501.73 426.11 490.94 499.88 0.15 0.02       

fludioxinil 91.28 118.13 97.21 105.14 102.94 0.13 0.20 
  

  

lambda-cyhalothrin 14.14 11.57 6.14 10.25 10.52 0.37 0.16     

propyzamide 2.50 3.09 2.90 2.65 2.79 0.10 0.37 0.19 0.19 0.00 

L/24 

cyprodinil 400.05 346.29 369.47 383.15 374.74 0.07 0.06       

fludioxinil 102.13 89.31 126.21 128.77 111.61 0.17 0.05     

propyzamide 37.17 24.66 30.87 49.70 35.60 0.34 0.16     

thiametoxam 4.83 4.31 4.92 5.18 4.81 0.09 0.03 0.17 0.07 0.00 

L/25 thiacloprid 17.45 17.12 16.72 16.17 16.87 0.04 0.12 0.04 0.12 0.00 

Legend: see Table 7 
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Table 9. Calculated CVR, CVL and CVS values from residues measured in four replicate samples 
taken from carrot fields of known pesticide application history 

Field 
(n=8) Active ingredient  

Residue (µg/kg) in replicate samples 
CVR 

a CVL 
b CVR 

ave c 
CVL 
ave d CVS 

e 
R1 R2 R3 R4 Rave 

C/1 
Linuron 30.54 46.03 73.29 63.95 53.45 0.39 0.06       

Azoxystrobin 30.58 43.49 48.79 45.18 42.01 0.21 0.28 0.30 0.17 0.25 

C/2 Cyproconazole 14.68 20.14 20.74 22.16 19.43 0.19 0.03 0.19 0.03 0.18 

C/3 

Trifloxystrobin 35.82 52.86 25.54 13.49 31.93 0.60 0.05       

Tefluthrin 22.05 30.15 30.22 71.83 38.56 0.63 0.11     

Linuron 10.53 5.24 53.41 2.00 17.80 1.40 0.13     

Esfenvalerate 6.56 7.34 3.60 3.58 5.27 0.35 0.20     

Cyproconazole 248.61 252.52 130.41 141.20 193.19 0.31 0.04     

Azoxystrobin 86.81 87.43 58.17 68.49 75.23 0.19 0.03 0.58 0.09 0.57 

C/4 

Trifloxystrobin 15.24 11.65 15.12 8.93 12.74 0.24 0.08       

Tefluthrin 39.74 57.08 4.79 14.90 29.13 0.87 0.01 
  

  

Linuron 16.58 7.97 2.91 15.13 10.65 0.62 0.22     

Esfenvalerate 2.22 2.98 3.94 1.68 2.71 0.41 0.10     

Cyproconazole 209.60 131.18 123.57 120.86 146.30 0.29 0.03     

Azoxystrobin 99.28 60.70 76.71 58.55 73.81 0.27 0.05 0.45 0.08 0.44 

C/5 

Tefluthrin 31.11 16.80 55.96 3.32 26.80 0.95 0.02       

Cyproconazole 69.83 106.91 76.95 85.77 84.87 0.21 0.03     

Azoxystrobin 22.87 23.18 23.40 33.65 25.78 0.20 0.05 0.46 0.04 0.45 

C/6 

Trifloxystrobin 37.92 20.67 37.48 31.59 31.92 0.26 0.01       

Cyproconazole 44.18 28.21 24.39 42.41 34.80 0.28 0.01     

Azoxystrobin 26.07 27.89 18.59 29.86 25.60 0.21 0.05 0.25 0.02 0.25 

C/7 

Trifloxystrobin 5.62 12.55 26.64 3.59 12.10 0.93 0.03       

Cyproconazole 21.81 11.88 20.11 5.12 14.73 0.55 0.01     

Azoxystrobin 29.49 10.81 14.02 9.71 16.01 0.60 0.12 0.69 0.05 0.69 

C/8 

Tefluthrin 66.02 91.68 75.05 135.65 92.10 0.37 0.02       

Linuron 9.12 23.04 18.00 15.05 16.30 0.41 0.08 
  

  

Cyproconazole 9.08 10.30 14.47 7.92 10.44 0.30 0.09     

Azoxystrobin 9.52 13.25 13.15 10.72 11.66 0.16 0.21     

Dimetoathe 16.30 11.49 42.94 12.07 20.70 0.74 0.06 0.40 0.09 0.38 

Legend: see Table 7 
 
  



 

 

 

41 

Table 10. Calculated CVR, CVL and CVS values from residues measured in four replicate 
samples taken from parsley fields of known pesticide application history 

Field 
(n=8) Active ingredient 

Residue (µg/kg) in composite samples 
CVR 

a CVR 
ave c 

CVL 
ave d CVS 

e 
R1 R2 R3 R4 Rave 

P/1 

azoxystrobin 17.50 20.00 15.30 24.90 19.43 0.24       

difenoconazole 102.90 152.80 106.20 164.10 131.50 0.23     

metolachlor 2.80 2.90 3.20 5.20 3.53 0.33 0.27 0.13 0.23 

P/2 

azoxystrobin 40.50 51.50 40.10 33.40 41.38 0.21       

difenoconazole 237.10 327.90 258.80 209.30 258.28 0.22     

linuron 133.20 185.60 122.20 141.30 145.58 0.21 
  

  

metolachlor 12.20 13.20 14.10 11.70 12.80 0.09 0.18 0.13 0.13 

P/3 
azoxystrobin 8.90 7.20 6.80 6.40 7.33 0.17       

difenoconazole 38.50 19.30 31.40 14.50 25.93 0.45 0.31 0.13 0.28 

P/4 

azoxystrobin 95.20 82.80 84.00 71.30 83.33 0.14       

difenoconazole 687.00 686.30 599.20 652.50 656.25 0.06     

linuron 8.90 14.40 15.20 8.90 11.85 0.26 0.15 0.13 0.08 

P/5 
azoxystrobin 199.70 226.30 256.00 216.40 224.60 0.12       

difenoconazole 440.40 507.10 542.10 556.70 511.58 0.11 0.12 0.13 0.00 

P/6 
azoxystrobin 195.90 206.40 255.00 77.70 183.75 0.47       

difenoconazole 522.40 547.40 657.50 338.70 516.50 0.30 0.38 0.13 0.36 

P/7 

azoxystrobin 1558.20 1701.80 1760.50 1980.90 1750.35 0.12       

difenoconazole 1309.70 1497.50 1561.40 1805.00 1543.40 0.16     

fluorochloridon 24.70 19.00 26.30 36.60 26.65 0.32     

metolachlor 30.10 25.80 30.00 36.30 30.55 0.17 0.19 0.13 0.14 

P/8 

azoxystrobin 2488.00 2234.60 2348.80 2308.20 2344.90 0.05       

difenoconazole 2140.10 1959.00 2072.50 2070.70 2060.58 0.04     

fluorochloridon 9.00 8.70 43.20 18.20 19.78 0.85     

metolachlor 18.10 11.30 67.70 47.70 36.20 0.76 0.42 0.13 0.40 

Legend: see Table 7 
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5. Results of modelling residues in composite sampl es 

Table 11. Residues in 10000 composite carrot samples obtained from residues in primary 
samples with random sampling with replacement 

Pesticide (Field 
number) 

Sample 
size (n) 

Residues in samples of size ’n’ 
(mg/kg) CV 

P0.025 Average P0.975 

Azoxystrobin  

(1) 

1a   0.0718    0.350 

5 0.0524 0.0718 0.0957 0.1559 

10 0.0573 0.0719 0.0884 0.1105 

25 0.0626 0.0719 0.0822 0.0698 

Azoxystrobin  

(3) 

1a   0.0824    0.329 

5 0.0595 0.0823 0.1073 0.1473 

10 0.0663 0.0823 0.0996 0.1034 

25 0.0721 0.0825 0.0929 0.0646 

Azoxystrobin  

(8) 

1a   0.0128    0.366 

5 0.0090 0.0128 0.0171 0.1625 

10 0.0101 0.0128 0.0158 0.1151 

25 0.0110 0.0128 0.0147 0.0726 

Cyproconazole  

(3) 

1a   0.1735     

5 0.1246 0.1733 0.2332 0.1610 

10 0.1380 0.1732 0.2135 0.1112 

25 0.1502 0.1733 0.1986 0.0710 

Cyproconazole  

(8) 

1a   0.0121    0.483 

5 0.0075 0.0121 0.0175 0.2134 

10 0.0087 0.0121 0.0158 0.1528 

25 0.0099 0.0121 0.0145 0.0967 

Linuron  

(1) 

1a   0.0824    0.477 

5 0.0510 0.0824 0.1197 0.2128 

10 0.0596 0.0826 0.1091 0.1528 

25 0.0677 0.0825 0.0982 0.0948 

Linuron  

(8) 

1a   0.0167    0.995 

5 0.0062 0.0167 0.0345 0.4435 

10 0.0086 0.0168 0.0287 0.3124 

25 0.0111 0.0167 0.0238 0.1969 

Tefluthrin  

(3) 

1a   0.0338    0.908 

5 0.0108 0.0336 0.0633 0.4052 

10 0.0166 0.0338 0.0541 0.2854 

25 0.0228 0.0339 0.0466 0.1807 

Tefluthrin  

(8) 

1a   0.1524    0.738 

5 0.0772 0.1521 0.2715 0.3228 

10 0.0957 0.1526 0.2336 0.2320 

25 0.1132 0.1522 0.2016 0.1492 

Trifloxystrobin  

(3) 

1a   0.0202    0.984 

5 0.0095 0.0203 0.0430 0.4439 

10 0.0117 0.0204 0.0356 0.3091 

25 0.0139 0.0202 0.0293 0.1964 
a average residue in primary samples 
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Table 12. Residues in 10000 composite parsley samples obtained from residues in primary 
samples with random sampling with replacement  

Pesticide (Field 
number) 

Sample 
size (n) 

Residues in samples of size ’n’ (mg/kg) 
CV 

P0.025 Average P0.975 

Azoxystrobin 

(1) 

1a   0.015    0.467 

5 0.0098 0.0150 0.0220 0.21 

10 0.0111 0.0150 0.0198 0.15 

25 0.0125 0.0150 0.0179 0.09 

Azoxystrobin  

(2) 

1a   0.024    0.47 

5 0.0158 0.0240 0.0354 0.21 

10 0.0179 0.0241 0.0317 0.15 

25 0.0200 0.0241 0.0289 0.09 

Azoxystrobin  

(3) 

1a   0.0027    1.35 

5 0.0008 0.0027 0.0076 0.60 

10 0.0011 0.0027 0.0056 0.42 

25 0.0016 0.0027 0.0045 0.27 

Difenoconazole 

(1) 

1a   0.113    0.36 

5 24252620. 0.1127 0.1496 0.16 

10 0.0889 0.1128 0.1387 0.11 

25 0.0979 0.1131 0.1297 0.07 

Difenoconazole  

(2) 

1a   0.134    0.387 

5 0.0949 0.1339 0.1866 0.17 

10 0.1049 0.1337 0.1697 0.12 

25 0.1150 0.1339 0.1551 0.08 

Difenoconazole  

(3) 

1a   0.0124    1.64 

5 0.0033 0.0124 0.0406 0.74 

10 0.0045 0.0124 0.0287 0.52 

25 0.0065 0.0124 0.0223 0.33 

Linuron  

(2) 

1a   0.0683    0.271 

5 0.0533 0.0681 0.0855 0.12 

10 0.0575 0.0684 0.0802 0.08 

25 0.0612 0.0683 0.0758 0.05 

Metolachlor  

(2) 

1a   0.0048    0.568 

5 0.0035 0.0047 0.0061 0.14 

10 0.0039 0.0048 0.0057 0.10 

25 0.0042 0.0048 0.0053 0.06 
a average residue in primary samples 
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6. Complementary information for estimation of unce rtainty of 
sampling from the results of supervised trials 

Table 13. CVR values of residues calculated from duplicate samples taken from supervised field 
trials  

CLASSIFICATION 
Supervised residue trials  

Crop 
CVR

 b 
CVS 

a
  

Conf. Int. 
e ave c P0.025 d P0.975 d 

P
R

IM
A

R
Y

 F
O

O
D

 C
O

M
M

O
D

IT
IE

S
 O

F
 P
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N

T
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R
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F
re

sh
 fr

ui
ts

 

small sized fresh 
products (<25 g) 

Cherry 0.181 0.000 0.628 

0.186 0.520 

Cherry (tart) 0.088 0.021 0.197 
Date 0.609 0.200 1.001 
Plum 0.246 0.000 0.950 
Blackberry 0.149 0.001 0.504 
Blueberry 0.158 0.000 0.439 
Cranberry 0.137 0.000 0.453 
Raspberry 0.165 0.005 0.452 
Strawberry 0.237 0.000 0.834 
Cranberry 0.137 0.000 0.453 
Olive 0.103 0.012 0.259 
Lychee 0.504 0.175 0.981 

medium sized fresh 
products (25-250 g) 

Grapefruit 0.226 0.000 0.728 

0.169 0.510 

Lemon 0.192 0.000 0.683 
Mandarin 0.270 0.000 1.068 
Orange 0.181 0.000 0.684 
Orange and 
mandarin 0.190 0.009 0.594 
Apple 0.174 0.000 0.637 
Pear 0.176 0.000 0.603 
Japanese apricot 
(pitted fruit) 0.129 0.000 0.454 
Nectarine 0.149 0.000 0.261 
Peach 0.240 0.000 0.803 
Avocado 0.350 0.000 0.887 
Banana 0.205 0.000 0.589 
Guava 0.463 0.134 1.066 
Persimmon 0.287 0.012 0.768 
Pomegranate 0.197 0.021 0.405 

large sized fresh 
products (>250 g) 

Grape 0.215 0.000 0.693 

0.191 0.633 

Mango 0.164 0.000 0.775 
Papaya 0.316 0.037 0.828 
Pineapple 0.245 0.041 0.732 

F
re

sh
 v

eg
et

ab
le

s small sized fresh 
products (<25 g) 

Brussels sprout 0.239 0.044 0.500 

0.215 0.582 

Bean 0.203 0.000 0.596 
Beans (Lima) 0.267 0.005 0.760 
Bean (foliage) 0.205 0.071 0.389 
Bean (Green) Plant 0.290 0.000 1.081 
Pea (succulent 
seeds) 0.227 0.000 0.606 
Pea (edible 
podded) 0.280 0.000 1.306 
Soya bean 0.200 0.048 0.331 

medium sized fresh 
products (25-250 g) 

Onion (dry bulb) 0.286 0.000 0.823 

0.234 0.646 

Onion (green) 0.248 0.000 0.618 
Onion (bulb) 0.311 0.012 0.603 
Pepper (fresh red 
chilli) 0.254 0.011 0.698 
Pepper 0.256 0.000 0.783 



 

 

 

45 

CLASSIFICATION 
Supervised residue trials  

Crop 
CVR

 b 
CVS 

a
  

Conf. Int. 
e ave c P0.025 d P0.975 d 

Tomato 0.251 0.000 0.888 

large sized fresh 
products (>250 g) 

Leek 0.089 0.027 0.219 

0.215 0.745 

Broccoli 0.199 0.000 0.591 
Cabbage (head 
only) 0.249 0.000 1.097 
Cauliflower 0.221 0.000 0.921 
Cantaloupe 0.268 0.000 0.985 
Cucumber 0.237 0.000 0.797 
Melon 0.246 0.000 0.997 
Squash 0.290 0.000 1.051 
Egg plants (whole 
fruit) 0.095 0.000 0.262 

Leafy vegetables 

Endive 0.116 0.000 0.363 

0.172 0.552 

Leaf Lettuce 0.226 0.000 0.867 
Mustard green 0.143 0.000 0.578 
Radish 0.190 0.000 0.763 
Rape 0.170 0.000 0.428 
Spinach 0.202 0.000 1.105 
Swiss chard 0.053 0.028 0.091 
Parsley (fresh) 0.213 0.054 0.372 

Root and tuber 
vegetables 

Beetroot (root) 0.194 0.005 0.503 

0.181 0.482 

Beetroot (top) 0.125 0.012 0.289 
Carrot 0.295 0.000 1.383 
Fresh ginseng 0.023 0.001 0.038 
Red ginseng 0.022 0.001 0.047 
Potato 0.157 0.000 0.513 
Radish (root) 0.208 0.032 0.547 
Sugar beet root 0.280 0.000 0.869 
Turnip 0.165 0.019 0.533 
Yams 0.226 0.050 0.399 

Stalk and stem 
vegetables 

Aparagus 0.127     

0.129 0.259 
Artichoke 0.110 0.019 0.262 
Celery 0.165 0.000 0.629 

  

Pulses  

Bean (Dry) 0.328 0.000 1.317 

0.256 0.813 

Lima bean (dry) 0.258 0.076 0.639 
Pea (dry) 0.208 0.000 0.692 
Soybean (dry) 0.256 0.000 0.808 

Cereal grains  

Barley (grain) 0.164 0.000 0.494 

0.126 0.321 

Corn cobs 0.223 0.002 0.826 
Maize seed 0.246 0.199 0.293 
Maize (grains) 0.197 0.000 0.561 
Sweet corn 
(foliage) 0.153 0.009 0.288 
Maize (plant) 0.234 0.024 0.440 
Rice (shoot 
panicle) 0.119 0.031 0.288 
Rice (grain) 0.133 0.000 0.358 
Sorghum (grain) 0.148 0.012 0.447 
Wheat (grain) 0.215 0.000 0.747 
Wheat (Fresh 
grain) 0.062 0.000 0.199 

Grasses, for sugar or 
syrup production Sugar cane 

0.455 0.000 1.474 0.444 1.438 

Tree nuts  
Almond 0.146 0.000 0.310 

0.126 0.326 
Pecan 0.173 0.000 0.845 
Pistachio 0.334 0.202 0.466 

Oilseeds  Cotton (undelinted 
seed) 0.375 0.000 0.975 0.207 0.684 
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CLASSIFICATION 
Supervised residue trials  

Crop 
CVR

 b 
CVS 

a
  

Conf. Int. 
e ave c P0.025 d P0.975 d 

Cotton seed 0.245 0.000 0.801 
Peanut 0.151 0.000 0.575 
Rape (seed) 0.176 0.000 0.599 
Sunflower seed 0.246 0.000 0.845 

Seeds for beverages 
and sweets  

Coffee (dry bean) 0.384 0.000 0.682 
0.347 0.605 Coffee (green) 0.258 0.042 0.484 

  

Herbs  

Basil (fresh) 0.111 0.016 0.308 

0.120 0.263 

Chives (fresh) 0.077 0.003 0.194 
Hops (Fresh) 0.212 0.004 0.625 
Mint 0.215 0.093 0.338 
Mint leaves 
(intended for 
processing) 0.144 0.010 0.270 

Spices  Dill 0.093 0.060 0.122 0.000 0.000 

P
R
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A

R
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N
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 c
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Legume animal feeds, 
and other forages and 

fodders 

Alfalfa (forage) 0.330 0.006 1.199 

0.186 0.503 

Bean forage 0.129 0.001 0.477 
Bean (Green) 
Haulm 0.134 0.007 0.274 
Clover forage 0.813 0.575 1.051 
Peanut fodder 0.196 0.030 0.499 
Soybean (forage) 0.167 0.000 0.696 
Barley fodder (hay 
and straw) 0.213 0.004 0.776 
Bermuda grass 
(forage) 0.089 0.017 0.202 
Bluegrass (forage) 0.114 0.017 0.216 
Corn  stover 0.265 0.042 0.802 
Corn forage 0.245 0.000 0.869 
Pasture Grass 
(forage) 0.226 0.022 0.378 
Oat foliage 0.053 0.000 0.120 
Sorghum (fodder) 0.238 0.000 0.744 
Sunflower (forage) 0.102 0.000 0.264 
Wheat (forage) 0.180 0.000 0.607 

Straw, hay and other 
dried products 

Alfalfa (hay) 0.255 0.000 1.232 

0.180 0.602 

Bean hay 0.259 0.009 0.723 
Maize straw 0.233 0.000 1.029 
Pea hay 0.178 0.000 0.563 
Peanut (hay) 0.268 0.000 1.007 
Soybean (hay) 0.183 0.000 0.575 
Barley straw 0.179 0.000 0.480 
Bermuda grass 
(hay) 0.086 0.002 0.263 
Bluegrass (hay) 0.095 0.018 0.263 
Pasture Grass 
(hay) 0.098 0.008 0.201 
Rice (straw) 0.258 0.000 0.884 
Rye straw 0.248 0.028 0.672 
Wheat (straw) 0.184 0.000 0.958 

P
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S
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 Dried herbs 

Basil (dry) 0.069 0.005 0.289 

0.138 0.446 
Chives (dry) 0.154 0.071 0.265 
Hop (cones, dried) 0.181 0.000 0.793 

Milled cereal products 

Paddy rice (husked 
grain) 0.155 0.000 0.591 

0.108 0.266 Rice (hulls) 0.073 0.024 0.103 

pr
od

uc
ts

 
of

 
pl

an
t Teas Tea (Fresh) 0.480 0.000 0.980 0.469 0.958 

By-products for animal Cotton gin trash 0.184 0.000 0.483 0.162 0.501 
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CLASSIFICATION 
Supervised residue trials  

Crop 
CVR

 b 
CVS 

a
  

Conf. Int. 
e ave c P0.025 d P0.975 d 

feed and 
miscellaneous 

products 

Sugar beet (top) 0.212 0.000 0.582 
Almond (hull) 0.188 0.000 0.667 
Peanut hulls 0.138 0.000 0.476 

1: FAO, Codex Classification of Foods and Animal Feeds, In Pesticides Residues in Food, 2nd 
Ed.; Codex Alimentarius, Rome, 1993; Vol. 2. 
http://www.google.hu/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&sqi=2&ved
=0CCkQFjAA&url=http%3A%2F%2Fwww.codexalimentarius.org%2Finput%2Fdownload%2Fstan
dards%2F41%2FCXA_004_1993e.pdf&ei=_vPHUdfZD6ai4gSTo4DoDg&usg=AFQjCNG38_Dax
RnEdn_Q4XwFInnVVlHngw&sig2=wtemwuHBndqFTliurtyYyQ&bvm=bv.48293060,d.bGE. 
(accessed 26 Aug 2013). 
a Weighted average of crops belonging to the given commodity group after removal of a 
characteristic CVL of 0.1 
b Calculated from (mainly) duplicate samples from 1 field by applying range statistics 
c Average of CVR values of each crop from different fields 
d Percentiles calculated from CVR values of different fields regarding one crop (Range Statistics) 
e Estimated confidence intervals  

 

Table 14. Summary of sprayers, plot sizes and field sample sizes in the supervised trials1.  

Crop Place Year Sprayer Plot size Sample size 

Alfalfa Australia 1988-89 precision plot sprayer 60-240 m2 ? 
Alfalfa Australia 1998 precision plot sprayer, LPG precision 

sprayer 
108-120 m2 ? 

Alfalfa Europe 2004 backpack with boom, plot boom 
sprayer 

90-120 m2 1 kg 

Apples Australia 1991 LPG powered, hand lance 2 trees ? 
Apples Italy 1987 pressure sprayers ? ? 
Apples New 

Zealand 
1986 precision plot sprayer 9 m2 2 kg, 15 fruit 

Apples USA 1987 CO2 powered backpack, tractor 
mounted CO2 sprayer  

1 tree, 37-46 m2 ? 

Banana Australia 1991 precision plot sprayer ? 25 fruit 
Beans Argentina 1992-93 CO2 powered backpack 13-45 m2 2 kg 
Beans Brazil 2001-2002 CO2 powered backpack 72-180 m2 2 kg 
Beans Brazil 1997-98 CO2 powered backpack 20-60 m2 2 kg 
Beans Costa Rica 1998 CO2 powered backpack 32 m2 2 kg 
Beans Europe 1999 hand carried boom sprayer 45 m2 >1 kg 
Beans Europe 2000-01 3-metre boom, knapsack sprayer, 

compressed air sprayer 
45-90 m2 1-2 kg 

Beans Germany 1990 plot sprayer with tee jet 50-100 m2 ? 
Chickpeas Australia 1997 small plot sprayer, all terrain vehicle 

and precision gas powered sprayer 
120-132 m2 ? 

Citrus Brazil 1986 CO2 powered backpack ? ? 
Coffee Brazil 1983-84 CO2 powered backpack, knapsack 450 m2 ? 
Coffee Colombia 1984 CO2 powered backpack 3 trees ? 
Cotton Brazil 1984-85 CO2 powered backpack, knapsack 18-72 m2 ? 
Cotton Brazil 1997 CO2 powered backpack 24 m2 1-2 kg 
Cotton Brazil 2001 CO2 powered backpack 60-500 m2 2 kg 
Cotton Greece 1999-2000 A20 sprayer 40 m2 ? 
Cotton Spain 1999-2000 backpack with boom, conventional 

boom sprayer 
60-275 m2 1 kg, 5 kg bolls 

Cotton Spain 1991 CO2 powered boom spray, flat fan 60 m2 ? 
Cotton USA 1982 backpack, tractor mounted sprayer, 

hand-held CO2 sprayer, compressed 
air sprayer 

19-465 m2 ? 
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Crop Place Year Sprayer Plot size Sample size 

Grapefruit New 
Zealand 

1985 precision backpack 10 m2 2 kg, >8 fruit 

Grapes Australia 1990 precision plot sprayer 1 vine ? 
Grapes France 1982 knapsack sprayer with boom ? ? 
Grapes France 1985 Crystal sprayer with boom and teejet ? 1 kg 
Grapes Italy 1989 Crystal sprayer, motor pump and 

teejet 
10-40 m2 1 kg 

Lemons Australia 1990 precision plot sprayer 1 tree ? 
Lemons New 

Zealand 
1991 precision backpack 1 tree ? 

Oilseed rape Australia 1997 precision plot sprayer, all terrain 
vehicle 

32-240 m2 ? 

Oilseed rape Europe 1988-89 knapsack sprayer, plot sprayer with 
tee jet, Crystal sprayer 

20-15 m2 2-5 kg, ? 

Oilseed rape Europe 2000 conventional boom sprayer, precision 
plot sprayer 

60-100 m2 1 kg from 12 
plants 

Oilseed rape Europe 2006 conventional boom sprayer 30-120 m2 0.2-2.6 kg 
Oilseed rape France 1983 ? ? ? 
Oilseed rape France 2002 conventional boom sprayer 45 m2 >1 kg 
Oilseed rape France 2002 conventional boom sprayer 45 m2 >1 kg 
Onions Europe 1999-2000 3 metre boom, boom sprayers 42-93 m2 1-2.3 kg 
Onions New 

Zealand 
1987 precision plot sprayer 12 m2 2 kg, 12 onions 

Orange Italy 1991 knapsack 3 trees 24 fruits 
Peach Australia 1991 LPG powered hand lance 2 trees ? 
Peanuts Argentina 1992 CO2 powered backpack 11 m2 ? 
Peanuts Australia 1997 precision plot sprayers 120 m2 ? 
Peas Australia 1989 precision plot sprayers 84-90 m2 ? 
Peas Europe 1999-2000 hand carried boom sprayer, 

motorised backpack, plot sprayer, 3 
metre boom, knapsack 

44-90 m2 1-6 kg 

Peas Europe 1988-89 broadcast backpack, knapsack, 
Cristal sprayer 

13-180 m2 ? 

Peas Europe 2004 AUK plot sprayer 39-60 m2 0.3 – 1 kg 
Pigeon peas Australia 1989 precision plot sprayer 32 m2 ? 
Rice USA 1987-88 aircraft, CO2 powered backpack, 

small plot sprayers, 4-wheeled CO2 
powered sprayer 

37-3300 m2 ? 

Soybeans Argentina 1991 CO2 powered backpack 25 m2 ? 
Soybeans Brazil 1984 CO2 powered backpack 15-30 m2 2 kg 
Soybeans Brazil 1990 CO2 powered backpack 20 m2 ? 
Soybeans Brazil 1992 CO2 powered backpack 10-12 m2 ? 
Soybeans Brazil 1995 CO2 powered backpack 32-72 m2 ? 
Soybeans Brazil 2000-02 CO2 powered handboom 64-184 m2 2 kg 
Soybeans Europe 2000-01 AUK plot sprayer, plot boom sprayer 30-60 m2 1-3 kg 
Soybeans USA 1982 tractor mounted boom, CO2 powered 

backpack, plot sprayers 
20 m2 to 3 rows of 
45 m 

? 

Soybeans USA 1982 tractor mounted boom, CO2 powered 
backpack, plot sprayers 

19 m2 to 8 rows of 
75 m 

? 

Soybeans USA 1989 plot sprayer, hand boom sprayer 37-139 m2 ? 
Sugar beet Europe 1988 knapsack with teejet, flat nozzle 

sprayer 
22-144 m2 5 plants 

Sugar beet Europe 2000 boom sprayers 42-45 m2 1-6 kg 
Sugar beet Italy 1992 Crystal sprayer with teejet 20 m2 ? 
Sugar beet UK 1983 precision plot sprayer ? ? 
Sunflower Argentina 1992 CO2 backpack sprayer 27 m2 ? 
Sunflower Europe 2000 boom sprayers 42-60 m2 1-1.3 kg 
Sunflower Europe 2001 boom sprayers, compressed air 

sprayers 
45-60 m2 1 kg 
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Crop Place Year Sprayer Plot size Sample size 

Sunflower France 1988-89 Crystal sprayer, knapsack sprayer 24-36 m2 ? 
Sunflower France 1999 hand carried boom sprayer 45-60 m2 ? 

Evaluation of Haloxyflop residues (JMPR 2009) 

 


