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1. Summary 
 

Two experimental Sampling Proficiency Tests (SPTs) have been held to demonstrate their 

feasibility, practicality and usefulness in the food sector. The first ever SPT on food looked 

at the determination of the toxin patulin in cloudy apple juice, using 9 trained participants 

to sample one batch of 6500 litres of unstirred juice from a tap on the side of the tank. It 

found that the expanded uncertainty on the measurements (19.4%) was so dominated by the 

precision of the analytical method, and the juice was so homogeneous, that it was 

impossible to detect differences between the performance of the samplers. The process of 

implementing this prototype test was used to identify 12 generic criteria that can be applied 

to design an effective SPT. These criteria were then used to design a second improved SPT, 

on the determination of moisture in fresh butter, which thereby overcame many of the 

limitations found in the first SPT. The precision of the analytical method was small enough 

to quantify the heterogeneity of the butter, and the proficiency of the samplers was 

reflected in their performance z-scores. Using a newly-devised scoring system, two 

samplers were found to be non-proficient. One of these non-proficient samplers was 

untrained and intentionally placed in the SPT to test its usefulness, but the other was a 

trained sampler. The results of the second SPT demonstrated not only the feasibility and 

practicality of SPTs, but also their usefulness in identifying non-proficient samplers. SPTs 

therefore have the potential to be used to improve the performance of samplers, in an 

analogous way to the way in which analytical proficiency tests (APTs) have already 

improved the performance of analytical laboratories over recent decades.  

A further use of SPT results is to improve estimates of measurement uncertainty. It has 

already become accepted that the sampling procedure contributes to the uncertainty of 

measurement results in most circumstances, but previous methods of estimation did not 

include the contribution from sampling bias. The results of the second SPT showed that the 

measurement uncertainty estimated by the equivalent of the accepted „duplicate method‟ 

(0.39%) was a factor of two lower than the more realistic value estimated by the SPT 

(0.87%), which does include substantial between-sampler bias. All of these findings have 

now been published in The Analyst
1
. 
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2.  Introduction 
 

2.1 Relevance of this research to the food sector 

 

The reliability of measurements of the chemical composition of food materials has become 

an important issue for regulators of food. Probably the most important quality parameter 

that estimates this reliability is the uncertainty of the measurements. It is now becoming 

recognized that this uncertainty arises from two main activities, the primary sampling of 

the food, and the chemical analysis of the resultant samples. Analytical proficiency tests 

(APTs) have already become a very valuable part of assuring appropriate quality in the 

chemical analyses made in analytical laboratories
2
. The logical extension of this approach 

is to also apply proficiency testing to the sampling part of the measurement process. This 

project aims to do this, for the first time for the food sector, using sampling proficiency 

tests (SPTs). 

 

APTs consist essentially of the distribution and chemical analysis of a sufficiently 

homogeneous test material to all of the participants. Each participant then chemically 

analyses the sample for the specified analytes, by whatever routine analytical procedures 

they wish, and reports the results to the organizers. The organizers then calculate a 

performance score for each participant for each analyte, based upon how closely the 

reported measurement result agrees with a consensus value, judged in terms of a target 

standard deviation (or fitness-for-purpose) criterion. The results of the APT are useful, and 

probably essential, to participants in providing external assessment of the analytical quality 

control procedures within their own laboratory. In addition, APT results can also be used to 

make improved estimates of the uncertainty of the measurements, by including components 

that are often unsuspected, such as inter-organizational bias
3
.  

 

Sampling (including the physical preparation of samples), has now become accepted as an 

integral part of the measurement process, for most purposes
4
. The concept of a sampling 

proficiency test (SPT) was proposed in 1994 
5,6

, and has since been successfully applied to 

the environmental sector to test the proficiency of samplers
7,8,9

.
 
SPT results have also been 

used to estimate total measurement uncertainty in environmental studies
10,11

, including the 

contributions from both the sampling and the sample preparation. 

 

The logical progression is to consider whether the concept of the SPT is feasible in the food 

sector, and also whether it could be useful for improving the quality of food sampling. This 

requires the adaptation of the SPT methodologies to the special properties of food, such as 

short periods of stability. It also requires organizations and samplers in this sector to be 

convinced of the advantages of participating in an SPT. Having designed a food SPT, there 

are also logistical considerations to be overcome in locating a suitable sampling target (e.g. 

a batch of food) and gaining the agreement of the owner of this target to allow it to be used 

for this purpose. There is also a requirement for the further development of a suitable 

procedure for the scoring of participants in an SPT. This development is required because 

the current scoring method for APTs does not address the extra complications in an SPT 

caused by (i) the heterogeneity of the sampling target and (ii) the analytical uncertainty that 

might affect the measurements reported by the participants, and therefore potentially affect 

their SPT scores, even though it is not caused by their sampling proficiency.  

 

Sampling proficiency testing is just one form of inter-organisational sampling trial (IOST)
9
, 

but  another is the collaborative trial in sampling (CTS)
6,12

 , which has previously been 

applied once in the food sector. A CTS is aimed at the validation of a sampling protocol 

rather than assessing the proficiency of the sampler. In a CTS the participants are all 
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allocated the same protocol, rather than given the choice of which protocol to select as part 

of the test of proficiency, as in an SPT. 

 

The one previous IOST reported in the food sector was a FSA-funded CTS applied to the 

determination of N, Mo and Pb in wheat, and moisture, caffeine and thiobromine in green 

coffee
13

. It successfully showed the feasibility of the concept of a CTS in the food sector, 

using large batches of wheat and green coffee as the sampling targets. It had five 

participants, including one professional sampler and four volunteers, who each received a 

brief training in the use of the sampling spear. This CTS did detect significant between-

sampler variation for two analytes in the wheat (N and Mo). However, it lacked the 

statistical power to make further deductions, due to the low number of samplers. This 

shortcoming could be overcome by increasing the number of participants (in a future CTS 

or SPT) to at least the minimum number of eight
14

.  

 

There is a further potential benefit of food-based SPTs in that the results can be used for 

making more realistic estimates of the uncertainty of measurements, including the 

contribution from sampling bias. Current methods for the estimation of the uncertainty of 

measurements arising from sampling
15

 have been shown to be effective in the food sector
16

, 

but none of the methods applied so far can include the contribution from often unsuspected 

bias arising from the sampling process. The SPT has the potential to provide improved 

estimates of uncertainty that include this between-sampler bias, by incorporating the extra 

contribution from the between-sampler variance estimated from the SPT. As in APTs, a 

crucial first step is to identify the criteria that need to be met to make a test material (in this 

case a sampling target) suitable for use in an SPT. 

 

In the broader context of assuring the appropriate quality of measurements, SPTs may also 

have a future role in the accreditation of organizations for sampling particular materials, or 

the certification of individual samplers. This is equivalent to the role that APTs already 

have in providing external assessment of a laboratory‟s proficiency for the purpose of 

accreditation (to ISO 17025). This may also provide a suitable motivation for more 

organizations to take part in SPTs, which will further enhance their usefulness.  

 

2.2 Research objectives 

 

The aim of this research is to study the feasibility, practicality and usefulness of Sampling 

Proficiency Tests in the food sector. Four scientific objectives were formulated to address 

this: 

 

1) To devise criteria that can be used to select an effective target for a sampling 

proficiency test (SPT).  

2) To apply these criteria to select two sampling targets for the design and implementation 

of two SPTs, in order to assess the general feasibility, practicality and usefulness of 

SPTs in the food sector. 

3) To devise and apply a scoring scheme for SPTs, to give participants feedback on their 

performance 

4) To use the SPT results to estimate uncertainty of measurement, and to compare these 

against estimates made using methods based upon single participants (e.g. the duplicate 

method). 
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2.3 Report aims and structure 

A major deliverable of this research project is a peer-reviewed paper reporting on all four 

of these objectives, using the second case study on the determination of moisture in fresh 

butter
1
 (attached as Appendix G).  

The published paper has already described several aspects of the research that will 

consequently not be discussed in such depth in this report. These aspects include 

descriptions of the: 

1. Previous development of SPTs and their potential for the evaluation of uncertainty, 

2. Theory of scoring of SPTs, and evaluation of measurement uncertainty using SPT 

results, 

3. Second case study and SPT, including its conformity to the general selection criteria, 

experimental design, results and discussion for scoring, and for uncertainty 

evaluation. 

 

This report aims, therefore, to supplement this paper, by providing an overview of the 

relevance of this research to the food sector, and report on an initial first case study and 

SPT that was based upon the determination of patulin in cloudy apple juice. This initial 

SPT helped inform the design of the second study and also provided further evidence of the 

performance of SPTs. The report then seeks to discuss in more detail than the paper, the 

implications of all the research findings for the potential use of SPTs in the food sector in 

general. It also includes all of the raw data from both SPTs in Appendices (B-F, H-M) for 

future reference. 

 

 

3. General selection criteria and design of SPTs 

 
3.1 Criteria for design of an effective SPT  

 

The criteria for the design of an effective SPT (Table 1 and in the paper in Appendix G) 

have been derived from consideration of the findings in the previous SPTs and from 

statistical considerations. The degree to which these selection criteria can be met will vary 

between different types of targets and in different sectors of application. Not every criterion 

has necessarily to be met in full, so the degree to which they need to be met will be 

discussed.  
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Table 1. Criteria for an effective SPT.  

 

# Criteria 

1 Size of the target must be large enough to allow sampling by at least 8 

samplers, without significantly affecting the target. 

2 Presence of an analyte that can be determined with low enough analytical 

uncertainty to quantify sampling uncertainty. 

3 Sufficient temporal stability of the sampling target (or else special 

procedures adopted to compensate for this) 

4 A level of heterogeneity of the analyte in the sampling target that is 

detectable with the proposed method of chemical analysis  

5 The presence of a recommended sampling protocol applicable to the selected 

analyte 

6 Availability of appropriate samplers with the required technical skills 

7 Potential usefulness for improving performance of the samplers, and 

accessibility of the sampling target 

8 Required time to perform the sampling protocol and duration of the SPT 

9 Acceptable level of cost due to damage to the target material and its 

packaging, during the SPT 

10 Independence of the samplers participating in the SPT 

11 Agreement of the owner of the sampling target and any sponsor of the SPT 

12 Independence of the different contributors to the SPT 

 

One example of the use of statistical considerations is the requirement that there be at least 

8 samplers in an SPT (criterion 1), which is based upon the consideration of achieving a 

sufficiently small confidence interval on the variance estimates
14

. Temporal stability of the 

sampling target is very important (criterion 3), especially where spatial variability is being 

characterised
11

. However some systems, such as landfill gas, are naturally temporally 

variable and the design of the SPT can be modified to make allowance for this criteria not 

being met
9
. The ideal situation is still however that the composition of the target is kept 

constant over the duration of the SPT. 

In most cases, a perfectly homogeneous sampling target will not allow an SPT to show 

differences between the performance of the samplers. One exception is bias caused by 

variable contamination of the samples, but bias from most other causes will not be detected, 

so sufficient heterogeneity is required to cover all possibilities. A minimum amount of 

heterogeneity of the analyte distribution in the target (criterion 4) is needed in a sampling 

target, therefore, for the different behaviour of the samplers to be quantified. The following 

study will demonstrate that the absolute value of the heterogeneity can be relatively low 

(e.g. 0.08% RSD), especially if the analytical method is very precise (e.g. 0.17 % RSD). 

This reflects therefore related requirement for the presence of an analyte that can be 

determined in the sample (criterion 2), with an acceptable detection limit (i.e. with an 

analytical uncertainty that enables the quantification of the between-sampler uncertainty).    

 

The presence of a recommended sampling protocol applicable to the selected analyte 

(criterion 5), enables samplers to follow pre-designed written instructions. However, cases 

have been known where only verbal protocols were available, and the SPT was then able to 

investigate the effect of a lack of written instructions. The availability of appropriate 

samplers (criterion 6), refers not just to their number (at least 8, as in criterion 1), but also 

to their level of technical skill and their ability to participate at the required time and place. 

It is desirable that the samplers be properly trained, but assessing the effectiveness of any 
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training, especially if it is of short duration, can be a suitable objective for an SPT. A 

similar factor is to aspire to independence between the samplers (criterion 10). This applies 

during the SPT, when care needs to be taken so that no sampler can observe how another 

sampler is taking their samples. It also applies to the previous training, where ideally they 

should have not have been recently trained by the same person. The effects of joint training 

of the samplers could be investigated using an SPT, but the resultant estimates of 

uncertainty from this sampling protocol may be expected to be lower than that when 

independent samplers are operating.   

 

The potential usefulness for improving performance of the samplers (criterion 7), refers to 

the degree of flexibility in the system. For example, all of the human samplers might use 

one mechanical sampling device, which may be badly designed and located. In this case the 

measurements of all of the samplers in an SPT may agree well, but they may all be 

unrepresentative of the bulk composition of the sampling target. Another example would be 

where the target material is kept in multiple sacks in a large pile, but the samplers can only 

access the sacks on the outside of the pile. This is an example of a poor sampling protocol 

that will affect the results of routine sampling as well as the SPT. The situation needs to be 

commented upon by the SPT organisers, and a different target chosen. 

 

The time required to perform the sampling protocol (criterion 8) needs to not be excessive, 

so that the material does not change significantly in composition (criterion 3), and the cost 

to the SPT does not be thereby become unacceptable. This is closely related to the duration 

of the SPT, but obviously also depends on the number of samplers. There is also usually 

some level of damage to the target material, or its packaging, during the SPT (criterion 9). 

The SPT can be designed to reduce such damage as far as possible, whilst not deviating 

appreciably from the routine sampling protocol. The costs arising from the loss of target 

material during the SPT can be thereby minimized and included in the cost of running the 

SPT. 

 

Clearly it is essential to secure the agreement of the owner of the sampling target, and any 

sponsor of the SPT (criterion 11). Practical experience has shown that the independence of 

the different contributors to the SPT (criterion 12) is also essential. For example, if the 

organisation that performs the chemical analysis is also a participant in the SPT, or the 

manufacturer or owner of the sampling target, then there may be a conflict of interest in 

reporting measurement that affect the commercial interest of that organisation. It is 

desirable, therefore, that all of these roles are kept in different organisations. 

 

3.2 General experimental design of SPTs 

 

The general experimental design used for most SPTs is a balanced design in which each 

sampler takes two samples, by independent interpretation of the protocol, both of which is 

analysed twice for each target analyte (Fig 1). The analytical duplicates enable a separation 

of the contribution to the uncertainty from the analytical repeatability. This is required to 

ensure that repeatability is small enough to enable the quantification of the sampling 

variances.  The duplicated sampling by each sampler, provides an estimate of the within-

sampler variance. The within-sampler variance is affected by the heterogeneity of analyte 

concentration within the sampling target. This heterogeneity is a key difference between 

and an SPT and an APT because in an APT heterogeneity is minimised as far as possible, 

but in an SPT it is an essential requirement (criterion 4 in Table 1). The experimental 

design has therefore to enable this heterogeneity to be quantified and separated so as not to 

affect the samplers‟ scores. 

 



 10 

 

Figure 1. General experimental design applied sampling proficiency tests (SPT), and both SPTs in this 

research
1
. 

  

The between-sampler variance reflects the extra factors such as the between-sampler bias 

that can arise from systematic effects in either the sampling or the chemical analysis, 

depending on how the SPT is designed. The chemical analysis can either be undertaken by 

each of the participants separately, together with a matched reference material
7
, or the 

samples from all of the participants can be collected centrally and chemically analysed in 

one laboratory under repeatability conditions
11

. The former approach could be called more 

precisely a „measurement proficiency test‟ (MPT), as each participant undertakes the whole 

of the measurement process. The later approach eliminates the effect of any analytical bias 

between the participants, helping the performance score to reflect only the participant‟s 

sampling performance. However, the centralised analysis in the later approach will also 

tend to reduce the estimate of the total measurement uncertainty to an unrealistic level, 

unless it is dominated by the sampling component, or the analytical component is added 

independently. 

 

4. First SPT on the determination of patulin in apple juice 
 

4.1 Context for the SPT on patulin in apple juice 

 

Mycotoxins occur naturally, being produced by certain fungi, and can cause a range of 

adverse health effects
17

 that are of concern to the food sector. Patulin is one such 

mycotoxin, with a relatively simple chemical structure (Fig 2) and is produced by certain 

fungal species of Penicillium, Aspergillus and Byssochlamps
18

. Birkinshaw
19

 first 

discovered Patulin in 1943 and initially believed it to have antibacterial properties, but it 

was later discovered to have toxic side effects. Patulin occurs naturally in various fruits 

including pears, grapes and bilberries, and traces have also been found in certain vegetables, 
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cereal grains and in silage, but its main risk for human health is due to its presence in 

apples and apple juice
20

 (Fig 3). Regulatory guidelines have therefore been set for its 

maximum concentration in apple juice at 50 μg l
-1

.
21 , 22

 The sampling methods to be 

employed for foodstuffs have also been specified for the EU
23

. This specifies the taking of 

a composite sample with a mass of at least 1kg, aggregated from at least 10 increments for 

batches containing over 500kg. 

 

 

 

 

                                                                                
 
Fig 2. The chemical structure of patulin        Fig 3. Example of a glass of cloudy apple juice 

 
Fig 4. Schematic diagram of the sampling of cloudy apple juice from a process container containing 

6500 litres, used in the first  SPT 

 

Cloudy apple juice is regularly monitored for patulin concentration during its production, 

and a large volume of freshly prepared juice was therefore considered as a potentially 

suitable sampling target for evaluation of SPTs. It was assessed in accordance with the 12 

SPT Assessment Criteria
1
 (and Table 1), for the first SPT of this research project, discussed 

in Section 4.4. 

 

4.2 Experimental design for first SPT on food 

 

The overall experimental design applied was the one generally used for SPTs, discussed 

above (Fig 1) and in the paper
1
 (in Appendix G) but with a slight modification to its 

implementation.  

 

6,500 litres of cloudy apple juice 

which forms the sampling target 

Single tap used by all participants in the 

first SPT to sample the apple juice 

Basal outlet pipe, which was potentially a better 

sampling point but was not available for this SPT 

http://images.google.com/imgres?imgurl=http://www.redgum.com.sg/onlinestore/images/product/thumb_1_1179822471_cloudy_apple_juice_sq.jpg&imgrefurl=http://www.redgum.com.sg/&h=79&w=80&sz=6&hl=en&start=13&sig2=iF4CaYLVGuhvBucqVmN23Q&um=1&tbnid=ufT
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The duplication of both the sampling and of the chemical analysis, for each of the m 

participants (where m  8), allows the total variance from sampling to be separated into the 

three components between-sampler, within-sampler, and analytical. It also enables the 

performance scoring to allow for the heterogeneity of the target, and also to offset the 

effect of the analytical variance on each participant‟s score. 

 

4.3 Methodology for first STP on food 

 

1. Each of the nine samplers was given a sequential number to be used as an identifier.  

 

2. The sampling target was a batch of 6500 l of unstirred cloudy apple juice contained 

in a metal process container (Fig 4). All 9 participants sampled from this one 

sampling target. Cloudy, rather than clear, apple juice was chosen for this 

experiment because it was expected to contain higher levels of patulin, and its 

cloudiness and unstirred condition were expected to be associated with higher levels 

of heterogeneity.  

 

3. The SPT was designed and implemented in a way that minimised the influence that 

each sampler had on each other‟s interpretation of the sampling protocol. In 

particular the participants sampled at non-overlapping times (see Appendix B, 

Table B1 for timetable) and therefore did not witness each other‟s sampling 

technique. 

 

4. On the day of the SPT (12/04/06) the samplers received a verbal briefing and 

written instructions before they started sampling (see Appendix C). 

 

5. The samplers were instructed to try to sample in the same way that they usually did 

routinely, which could have been different for each sampler. The samples were all 

taken from the one tap connected to a hole in the tank, with a diameter of 

approximately 10 mm, situated approximately 1 m from the base of the tank (Fig 4). 

 

6. Each sampler was instructed to draw two samples of the normal volume (194-

251ml, Appendix F) directly into the usual sampling bottle (i.e. plastic 250 ml). It 

was requested that the second sample be a “new” sample, independent of the first 

sample. The samplers were instructed to wait approximately one or two minutes 

after completing the drawing of the first sample, before starting to draw the second 

sample, the objective being to make the two sampling events more independent 

within the sampling period. 

 

7. The time schedule (Appendix B, Table B2) was used to record the time at which 

each sampler took their samples. The samplers were instructed to operate in 

numerical order with the minimum period between each sampler that would 

maintain their independence. Particular times for sampling were not specified in 

order to accommodate variations between the speeds at which the different sampler 

operated. 

 

8. Immediately after a sampler had drawn a sample, it was given to the organizers who 

then labelled it (replacing existing labels if any) and put it into the laboratory fridge. 

On the label of each bottle the following information was recorded: the date, time 

and a sample code in the form SPT – N, where N represented a number that varied 

between one and the total number of samples drawn during the SPT (see Appendix 

D). Each sample was assigned a value of N, chosen (without replacement) from a 
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previously prepared list of random numbers (containing all possible values for N). 

Appendix D contains a list giving the correspondence between N and the number of 

the sampler, and whether it was the first or second sample drawn by that sampler. 

This design was used so that the lab analysis was not undertaken in the same order 

as the sampling, so as to minimize the effect of any drift in the analytical method. 

 

9. After all the samplers had drawn their two samples each, the vessel  containing the 

sampling target was emptied and sampled again periodically during that process for 

comparison against the SPT results to look for sampling bias. During this time, a 

total of five samples (of minimum 250 ml) were drawn at regular intervals, equally 

distributed over the entire time. The volume of juice remaining in the process 

container (from a gauge on side of the tank), and the time, was estimated at the 

moment each sample was taken. These samples were also assigned a random 

sample code and put into the fridge, together with the other routinely acquired 

samples (Appendix E). 

 

10. Each sample was analyzed twice by the laboratory using a method conforming to 

the EU requirements for the determination of patulin concentration
23

. The lab was 

instructed that the sample must be shaken before an aliquot was taken for analysis. 

The same person analysed all of the samples over a period of 8 Days (Table 2). All 

samples were analysed in numerical order (N=1, 2, 3, etc., i.e. not in the order in 

which the samples were taken), with normal analytical quality control. The samples 

were analysed in duplicate, according to the experiment design, but not using 

exactly the same procedure. The two halves of the duplicate were analysed on 

different days, with the second half of the analytical duplicate being frozen to 

preserve it. This procedure was necessary due to lack of capacity in the laboratory 

to analyse such an usually large batch of samples.   

 

11. The patulin concentration and the total sample volume in the bottle were 

determined for each sample. Other measurements were also made for: malic acid 

concentration, ascorbic acid concentration, sugar content, and Brix-Acid Ratio, but 

were they were not suitable for the SPT due to over-rounding (Appendix F). 

 

12. The measurement results for patulin (e.g. Tables 2 & 3) were reported to the 

organizers in unrounded/untruncated format (i.e. raw values not edited for detection 

limits), as this is required for the accurate use of the statistical analysis. 

 

13. Based on the analytical results, performance scores were calculated by the 

organizers for each sampler using the methods described in Section 4.6, and these 

were reported back to the samplers. The measurement uncertainty was estimated 

using the methods described in Section 4.5. 

 

 

 

4.4 Assessment of the first SPT on patulin in apple juice according to the Criteria 

 

The 12 general criteria derived in this project for the assessment of the effectiveness of 

an SPT (Table 1) have been discussed above and in the published paper
1
. The extent to 

which they have been met will be discussed here, to judge the effectiveness of this first 

SPT in the food sector.  
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1. The size of the target must be large enough to allow sampling by at least 8 

organisations, without significantly affecting the target. 

This criterion was met as the extraction of the all of the increments (plus spilled apple 

juice) had a cumulative volume of 5.043 l, which did not significantly influence the 

average composition of the target (volume 6500 l). The sampling ratio was therefore 

below the provisional value of 0.1%. 

 

2. Presence of an analyte that can determined with low enough analytical 

uncertainty to quantify sampling uncertainty. 

 

Probably met. Patulin was identified as probably being a suitable analyte. The reported 

measurement results range from 35.6 μg l
-1

 to 61.8 μg l
-1

 for the analysis of the 

increments extracted for the SPT by the samplers. All of the measurements were above 

the detection limit (approximately 10-15 μg l
-1

). The proximity of the measurements to 

the detection limit probably explains why the analytical precision was relatively poor 

(~20%, at 95% confidence, see Section 4.5).  

 

3. Sufficient temporal stability of the sampling target (or else special procedures 

adopted to compensate for this) 

 

Probably met, because sampling was done quickly (the whole sampling experiment 

lasted no longer than 15 minutes) and the results do not show a significant trend with 

time. 

 

4. A level of heterogeneity of the analyte in the sampling target that is detectable 

with the proposed method of chemical analysis 

 

Not met. No significant heterogeneity was detected in the SPT results (see Section 4.5)  

 

5. The presence of a recommended sampling protocol applicable to the selected 

analyte 

 

Not met. We found no evidence of the existence of a written form of a sampling 

protocol, but only a verbal form based on communication between the staff. An EU 

agreed protocol for this purpose does exist
23

, but it was not applied by this producer. 

 

6. Availability of appropriate samplers with the required technical skills 

 

Met. All samplers were readily available and fully trained in this task, but they 

probably lacked independence (see Criterion #10).  

 

 

7. Potential usefulness for improving performance of the samplers, and 

accessibility of the sampling target 

 

Not met. The sample drawing did not require much skill to implement the sampling 

procedure, and there was probably little or no room for improvement. This is partly 

caused by the homogeneity of the material, but also by the limited possible access to 

the target (only via a tap). However, there could possibly be improvements in their 

performance if the tap were relocated to be on the exit pipe at the bottom of the tank 

(Fig 4). 
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8. Required time to perform the sampling protocol and duration of the SPT 

 

Met. The time to perform the sampling protocol (<3 min) and the duration of the SPT 

(<15 min) were very short compared to the rate of potential change in the composition 

of the sampling target, and also kept the cost of implementing the SPT to a minimum. 

 

 

9. Acceptable level of cost due to damage to the target material and its packaging, 

during the SPT 

 

Met. There was no damage to the batch as a whole, only a small loss of material (5 l), 

and only minor disruption to the production process, the cost of which was covered by 

the producer. 

 

10. Independence of the samplers participating in the SPT 

 

Probably not met, because all samplers were employed by the same company (i.e. the 

manufacturer of the apple juice used as the sampling target) and therefore they probably 

trained together to some degree. 

 

11. Agreement of the owner of the sampling target and any sponsor of the SPT 

 

Met. This agreement was obtained prior to the experiment. 

 

12. Independence of the different contributors to the SPT 

 

Not met. There was independence between the organisers of the SPT and the owner of 

the target (i.e. the manufacturer), but not between the owner of the target and the 

participant samplers (employees of the manufacturer), and the analytical laboratory 

(owned and on the same site as the manufacturer). There were therefore several 

potential conflicts of interest. 

 

The broader interpretation of these findings will be discussed in Section 5.1. 

 

 

4.5 Uncertainty estimation from SPT results  

 

This discussion focuses on the estimation of uncertainty components from the results from 

the first SPT (for patulin in apple juice), based upon previous developed methodologies. 

The very similar method used for the second SPT (for moisture in butter) is given in the 

published paper
1
(Appendix G).   

 

As described in this paper
1
, the evaluation of the measurement uncertainty using the data 

from this SPT in general is based on the output from the robust analysis of variance 

(RANOVA). Robust estimators are used to accommodate the effects of up to 10% of 

outlying values that do not conform to a Gaussian distribution
24

. The total variance is 

resolved into 3 components; analytical, within-sampler and between-sampler, 

 

σtotal
2
 =  σbetween-sampler

2
 +  σwithin-sampler

2
 +  σanalytical

2
 …. Equation (1) 

 

Estimates of the variance of the population (σ) made experimentally (s) give the working 

relationship: 
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stotal
2
 =  sbetween-sampler

2
 +  swithin-sampler

2
 +  sanalytical

2          
…. Equation (2) 

 

The analytical variance is based upon the difference between the analytical duplicates (i.e. 

m.1.1 & m.1.2, and also m.2.1 & m.2.2, for sampler m, in Fig 1). It gives an estimate of the 

portion of the measurement uncertainty arising from the repeatability of the analytical 

method, but ignores the contribution from any analytical bias. The within-sampler variance 

comes from the duplicated samples taken by each sampler (i.e. m.1 and m.2 in Fig 1), after 

subtraction of the analytical variance. This is equivalent to the uncertainty estimate that 

would have been expected if the „duplicate method‟ was applied to this one target using a 

single sampler, rather than to the minimum of 8 targets usually recommended
14

. The 

ANOVA separates the between-sampler variance as that which remains when the within-

sampler and analytical variances are subtracted from the total variance. This variance 

quantifies the contribution to the uncertainty caused by factors such as the sampling bias 

between the participants. The experimental design in this case removes any contribution 

from analytical bias between the participants. This was achieved by using a randomized 

batch, and by centralizing the analyses in one laboratory in a randomised batch run under 

repeatable conditions. 

 

The variance components from Equation 2 are quantified with RANOVA, and converted 

into the estimates of the corresponding measurement uncertainties. For this purpose the 

estimate of analytical repeatability, estimated across all of the participants‟ test materials, is 

included as part of the „within-sampler‟ uncertainty. 

  

Uwithin-sampler = 2 × √( swithin-sampler
2
 + sanalytical

2
)   ….. Equation (3) 

 

To estimate the multi-sampler measurement uncertainty (Umulti-sampler) and standard 

deviation (smulti-sampler), the between-sampler estimate (sbetween-sampler) is added: 

  

Umulti-sampler = 2 × √( sbetween-sampler
2
 + swithin-sampler

2
 + sanalytical

2
)  …. Equation (4)  

 

So in effect, using Equation 2 

 

Umulti-sampler = 2 ×  stotal               …. Equation (5) 

 

and 

 

Ubetween-sampler= 2 ×  sbetween-sampler                                                 …. Equation (6) 

 

 

4.5.1 Uncertainty estimates from the first SPT on patulin in apple juice  

 

The method of evaluation used is basically the same as the general one described above and 

used for the second SPT
1
. A slight modification was required because the experimental 

design (Fig 1) was slightly changed in practice. The sample preparation for the two halves 

of the analytical duplicate for the determination of patulin were conducted differently, with 

the second half of the duplicate being frozen before analysis, for logistical reasons with the 

laboratory. The measurement results for the first duplicate analyses are given in the column 

with header “Dup 1” (Appendix F) and the results for the second duplicate analysis under 

the header “Dup 2”. A statistically significant bias (of 22%) was detected between these 

duplicate values, with lower values being reported for the second duplicate (that had been 

frozen), as might be expected. Only the first duplicate measurement (Table 2) was therefore 
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used for statistical analysis, in what was effectively a simplified experimental design
15, page 

98
.  

 
Table 2. Concentrations of patulin (μg l

-1
) measured once (on the first analysis, A1) on both of the 

duplicates samples (S1 & S2) taken by the 9 participants in the Apple Juice SPT. Visual inspections 

suggests that there is as much variability within–sampler as there is between-sampler, a conclusion that is 

substantiated by the ANOVA results. 

Sampler S1A1 S2A1 

1 54.7 48.7 

2 49 48.1 

3 46.1 50.5 

4 52.1 56.4 

5 52.2 61.8 

6 51.6 56.2 

7 46.3 56.6 

8 52 58.4 

9 50.2 55.6 

 

The multi-sampler expanded measurement uncertainty (i.e. for sampling and analysis 

combined), estimated with robust ANOVA
25

, is 19.4%, (i.e. total relative standard 

deviation is 9.7%). No significant between-sampler variance was detected, so in this case 

the SPT approach does not produce a different estimate of uncertainty to that produced by 

the „duplicate method‟ using the within-sampler variance (addressing Objective 4). The 

lack of effective analytical duplicates means that measurement standard deviation (and 

hence uncertainty) cannot be separated into the contributions from the sampling and the 

chemical analysis by this means. However, the laboratory‟s Internal Quality Control 

Scheme did analyse a daily check sample, subject to a uniform preparation between batches. 

These results are given in Table 3. The relative standard deviation of the check samples 

over both runs is 9.8%. This can be used as a very crude external estimate for the analytical 

repeatability precision, which can also be used as a very approximate estimate of the 

analytical uncertainty. 

 
Table 3. Internal Quality Control Results for the patulin in a ‘check sample’ of apple juice analysed in 

the batches with the SPT samples  

Check sample results for batches with 1st half  

of sample duplicates (run fresh without 

freezing)  

patulin 

in check 

sample 

(μg l
-1

) 

Day 1 = spt 1 – 7 26.8 

Day 2 = spt 2 – 17 28 

Day 3 = spt 18 – 23 24.4 

   

Check sample results for batches with 2nd half  

of sample duplicates (run after freezing) 

  

  

Day 4 = spt 1 24.4 

Day 5 = spt 2 – 5 27.1 

Day 6 = spt 6 – 9 24.5 

Day 7 = spt 10 – 14 26.2 

Day 8 = spt 15 – 16 32.2 
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Taking into account the low numbers of measurements, there is no significant difference 

between the estimates for analytical precision from the check sample (9.8% as RSD, or 20% 

at 95% confidence) and the estimate of the measurement standard deviation (9.7%) from 

the SPT materials. This similarity would suggest that the contribution to the uncertainty 

from the sampling is very low. This indicates that the heterogeneity of the sampling target 

is also very low, and probably insufficient for undertaking an effective SPT (Criterion # 4, 

Table 1). The probable dominance of the analytical uncertainty (Uanal = 20%) suggests that 

the analytical method used was not well suited for conducting this SPT, probably due to the 

proximity of the typical analyte concentration (46-62 μg l
-1

) to the detection limit of the 

method (approximately 10-15 μg l
-1

, see Criterion #2). 

 

Possiblility of sampling bias in the SPT. 

 

The possibility of overall sampling bias was investigated by taking 5 apple juice samples 

from the same side tap on the tank while it emptied after the completion of the SPT. The 

mean patulin concentration of these samples (mean 51.9, SD 4.96 μg l
-1

, Appendix F) does 

not show any significant differences from the mean value from the SPT (classical mean 

52.6, SD 4.50 μg l
-1

). This finding does not, however, preclude the possibility that all of the 

samples taken from the one tap on the side of the tank might still be biased compared to the 

true value. If the particulate matter in the unstirred tank tended to fall to the base of the tank, 

and the patulin preferentially adheres to the particulate matter (which has been reported
26

), 

then it is probable that the higher concentrations of patulin at the base of the tank was never 

sampled. A more representative sample could therefore probably be obtained by sampling 

the outflow pipe at the base of the tank (Fig 4). In a future study, samples taken at that 

point could be used to check for an overall sampling bias that would affect all of the 

samples in an SPT equally, and would therefore not be detectable by the current 

experimental design. 

 

 

4.6 Calculation of performance scores in SPTs  

 

There are many possible ways of calculating a performance score for PTs, and the 

differences in requirement for scoring APTs and SPTs have been considered
1
. The general 

z-score for analytical proficiency testing is defined by the International Harmonized 

Protocol
27,2

. 

 

z = (x-X)/σtarget ….Equation (7) 

 

where z represents the reported z-score, x is the participant‟s result, X is the assigned value 

and σtarget is the target value for the standard deviation. It is noted that the International 

Harmonized Protocol is intended to be applicable for the proficiency testing of analytical 

chemistry laboratories (APTs). The method of scoring needs to be somewhat different for a 

Sampling Proficiency Test (SPT), but the general concept of a z-score has been shown to 

be applicable to SPTs as well, and has been described for environmental SPTs
7,8,9,11

. 

 

There are several options possible for representing the variables x, X, and σtarget in Equation 

7 for both APT‟s and SPT‟s. Two simple options for the choice of X are the classical mean 

and the robust mean of all results. For x and σtarget a range of options have been investigated 

(Table 4). The options for x are denoted by A & B and those for σtarget  by I &II. 

 

The first possible option that is discussed is denoted as Option AI. For the target standard 

deviation it is based upon an externally set “fitness-for-purpose” criterion (Option I). For 
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the participant‟s measurement of concentration (x), the average of both sample results was 

used (Option A). The scores calculated for the prototype SPTs using Option AI can be 

found below (Table 5). 

 

The second option (B) for selecting a value for x is to use the individual analytical 

measurements on both duplicated samples, instead of the average (Option A). The Option 

BI, with the robust mean for X, was applied to the second SPT which measured the 

moisture content of butter
1
. 

 
Table 4. Possible scoring options for SPT’s explained in terms of codes for each option for both the 

participant‟s result (x) and the target standard deviation (σtarget) 

 

Option Code 

for x 

Option for x  Option Code  for σtarget Option for σtarget 

A The average 

analytical result on 

both samples  

 I An externally set 

fitness for purpose 

standard deviation 

B Individual analytical 

results on both 

duplicate samples 

 II The total classical 

standard deviation 

of measurement 

 

 

4.6.1 Calculation of performance scores for first SPT on patulin in apple juice 

 

Only one patulin measurements (Dup 1 in Appendix F) was used for the scoring of the 

participants, for the reasons explained above. The patulin concentrations were the only 

ones used for scoring, as they are the most important analyte to the manufacturer, and they 

also showed much more variation than those for Brix, Malic Acid and the Brix/Acid ratio, 

which were all over-rounded. 

 

In order to be able to use one scoring Option AI, a value for the fitness-for-purpose 

standard deviation was required. Unlike the case for an APT, the value σtarget must allow for 

the heterogeneity of the sampling target, and the uncertainty from the chemical analysis, so 

that samplers are not penalized for these factors which are beyond their control. The 

fitness-for-purpose value for this standard deviation was unknown to the producer of the 

juice, and therefore to the SPT organisers. Various possible values for this parameter were 

studied, therefore, to gauge their effect on the resultant z-scores, for all nine samplers 

(Table 5). 
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Table 5. Participant’s z-scores for the samplers in the Apple Juice SPT as a function of the selected 

fitness-for-purpose standard deviation (FFP-SD), using Option A1 (see Table 4). Scores with absolute 

values larger than +2 are highlighted in bold. All scores are proficient at FFP-SD levels at and above 10%, 

indicating that no non-proficient samplers were detected (see text). 

FFP-SD
(i)

 

(σtarget) 

 

5% 

 

10% 

 

15% 

 

20% 

Sampler 

1 –0.47 –0.23 –0.16 –0.12 

2 –2.16 –1.08 –0.72 –0.54 

3 –2.31 –1.15 –0.77 –0.58 

4 0.90 0.45 0.30 0.22 

5 2.36 1.18 0.79 0.59 

6 0.71 0.35 0.24 0.18 

7 –0.59 –0.30 –0.20 –0.15 

8 1.39 0.69 0.46 0.35 

9 0.17 0.09 0.06 0.04 
(i) Fitness-for-purpose standard deviation is expressed as a percentage of the (classical) mean of the data. 

 

If it is assumed that a result is not fit-for-purpose when the absolute value of the 

performance score is larger than 2, then non-proficient samplers arise only when the FFP-

SD (σtarget)  is set at 5%. As the value of the FFP-SD increases the absolute value of the z-

score decreases, as would be expected from Equation 7.  (i.e. all samplers are classified as 

proficient). 

 

The within-sampler uncertainty (9.7%), which includes any contribution from the 

analytical precision (Equation 3), can be used as an estimate of the heterogeneity of the 

sampling target. This would suggest that σtarget must not be less than 9.7%, and potentially 

at least 1.5  9.7% ≈ 15%, to show that the performance of a sampler is not fit-for-purpose. 

From Table 5, it can be seen that all of the samplers gave results that are fit-for-purpose for 

σtarget = 15%. 
 
The limitations of this first SPT, that have already been noted as insufficient heterogeneity 

and relatively poor analytical precision, also have the effect of not enabling effective scores 

of the participants to be calculated. These limitations were addressed in the second SPT, 

which then did enable effective scores to be calculated and communicated to the 

participants. 

 

 

5. Discussion  
 

Issues identified in the first SPT helped to improve the design of the second SPT, and the 

results from both will help in the overall assessment of SPTs in the food sector in general.  

 

 

5.1 Discussion of findings from the first SPT 

 

This very first SPT in the food sector proved the feasibility of the approach, but highlighted 

several issues that need careful attention in the design and interpretation of later SPTs.  

 

Overall the first SPT met, or probably met, most of the assessment criteria, but five main 

limitations were identified.  
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5.1.1 There was insufficient heterogeneity in the sampling target (Criteria 4, Table 1). 

This was evident because the overall uncertainty was dominated by uncertainty 

arising from the analytical process. The situation may have been exacerbated by 

the relatively high analytical precision (20% at 95% confidence), due to the 

analytical detection limit being too close to the typical concentration values in 

the samples (3 to 6 times, instead of the ideal 10 times). However the main issue 

is that unless a sampling target is sufficiently heterogeneous, then differences in 

proficiency between samplers won‟t be detectable, and no effective scores can 

be calculated. 

5.1.2 There was a lack of independence, both between the samplers (Criteria 10), and 

between the owner of the sampling target and the analytical laboratory (Criteria 

12). The degree of independence  of samplers would probably be improved by 

getting samplers from different organizations, but there may then be issues of 

commercial confidentiality for sampling targets such as the these stored within 

the premises of one company. The lack of independence between the owner of 

the sampling target and the analytical laboratory could have affected the 

performance of the in-house laboratory. It could be easily overcome, with 

foresight and sufficient resources, by sending all of the SPT samples to an 

independent lab that has expertise in this suite of chemical analyses. An 

alternative, which has been tried in the environmental sector, is for each 

participant to undertake their own chemical analysis, with a matched reference 

material in common to monitor between lab-bias
7
. 

5.1.3 There was poor physical access to the material in the target (Criteria 7), which 

was only available via one poorly located tap. It would have been preferable, 

therefore, to get a more representative cross-section of the whole target over all 

depths within the tank by using a tap on the outflow tube at the base of the 

vessel, if this had existed (Fig 4). The more general point is that access issues 

can limit the performance of the samplers. The study demonstrates that 

choosing a sampling target with flexibility in samplers‟ access is crucial for an 

effective SPT. 

5.1.4 There was a lack of effective analytical duplicates in the laboratory, the use of 

which is specified in the general experimental design for an SPT (Fig 1). In this 

case, this was due to by unforeseen logistical issues (lack of space for all of the 

SPT samples in the lab fridge). It was not possible, therefore, to separate the 

analytical component of the uncertainty based upon this design, but it was 

possible, if not very accurate, to use an external estimate of this statistic. The 

general issue is to ensure in advance that there is sufficient capability and 

capacity in the chemical laboratory used in the SPT. This would also extend to 

making sure that the lab randomized the samples within the analytical batch, 

and reported the measurements in an unrounded and un-truncated format. 

5.1.5 The sampling protocol applied was apparently only based upon verbal 

communication, with no written version being available (as required by 

Criterion  #5), despite the existence of an agreed EU protocol
23

. 

 

Overcoming these limitation for future SPTs, and ensuring they conform to the rest of the 

12 criteria (Table 1), should ensure that the calculation of the participants‟ scores, and the 

estimates of uncertainty, will not be adversely effected. 
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5.2 Lessons learnt from the first SPT, that were applied to the second SPT on 

moisture in butter 

 

The findings of the second SPT, on moisture in butter, are discussed in detail in the 

published paper
1
 (Appendix  G). The relationship to the findings of the first SPT, and the 

way these improved the experimental design of the second SPT, will be discussed here. 

 

The second SPT aimed to overcome as many of the five limitations identified in the first 

SPT as possible, within the logistical constraints.  

1. The distribution of the measurand in the sampling target (moisture in butter), was 

expected not to be very heterogeneous from a previous study on frozen butter  

which gave a within-sampler value of 0.19% m/m RSD
28

.  This proved to be the 

case, with an experimental value in this study of 0.08% m/m RSD. However, the 

precision of the analytical method for the gravimetric determination of water was 

known to be very good (later estimated to be 0.17% RSD). This meant that although 

the analytical precision was not ideal for accurately characterizing this 

heterogeneity (i.e. a tenth of the heterogeneity = 0.008% RSD) there was considered 

to be a reasonable chance of meeting Criterion #4. In the event there proved to be 

sufficient heterogeneity to quantify the between-sampler effect (0.78% relative) and 

to detect two non-proficient samplers
1
. 

2. To address the second limitation, the samplers were recruited mainly from different 

local authorities. There was, however, still some potential lack of independence 

caused by some levels of previous joint training. The importance of the „availability 

of appropriate samplers with the required technical skill‟ (Criteria #6, Table 1) was 

tested by including one untrained sampler. The independence of the lab was ensured 

by using an external, independent laboratory, which analyzed the samples under 

randomized repeatability conditions.  

3. The third limitation of needing flexible access to the sampling target was much 

easier to achieve for the 20.1 tons of butter than it was for the apple juice. The fresh 

butter was stored in 804 separate boxes, each containing a 25kg block, and located 

on numerous pallets on the floor of a cold room, with access on four sides to meet 

Criterion #7 (Fig 5). 

 

 
Fig 5. A sampler gaining free access to any of the 804 boxes that contained the sampling 

target of 20.1 tons of fresh butter 

 

4. The requirement to get effective analytical duplicated measurements was achieved 

by the selection of a suitable laboratory, and ensuring that this was provided in 

advance with a full briefing of the analytical requirements and the batch size.  

5. To meet Criterion #5, it was established that a written sampling protocol
29

 was 

available to be applied in the second SPT. 
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The second SPT did detect between-sampler bias, made improved estimates of the 

measurement uncertainty to include this, and did identify non-proficient samplers
1
, whereas 

the first SPT did not. This was probably due to overcoming the lack of heterogeneity in the 

sampling target, and the relatively poor analytical precision in the first SPT. 

 

 

5.3 General issues of feasibility, practicality and usefulness 

 

The overall aim of this research was to assess the feasibility, practicality and usefulness of 

SPTs in the food sector. The approach that was taken to address this aim was mainly the 

implementation of the one initial or prototype SPT (patulin in apple juice) followed by 

second SPT (moisture in butter) with an improved design.  

 

The feasibility of designing and implementing SPTs has been proven. Both of the SPTs 

undertaken in this research project showed how all of the necessary components can be 

brought together effectively. The first SPT was a necessary part of a learning process, in 

which the selection criteria were identified, based largely upon the experience gained 

during the test. These 12 criteria encapsulate the key aspects that need to be considered in 

advance, in order to make an SPT both practicable and effective. It did prove possible to 

find owners of potential sampling targets that would be willing to make available the 

material and buildings required to hold the two SPTs. However, it was noted that there was 

a significant level of reluctance in many organisations in the food industry to host or even 

take part in SPTs. Finding ways to improve the motivation of potential SPT participants is 

therefore an important future task. 

 

These criteria also relate to the assessing the potential usefulness of SPTs in the food sector. 

The purpose of the first SPT, as with all prototypes, was not to be perfectly effective 

initially, but to help to identify improvements that need to be made so that greater 

effectiveness can be achieved in the longer term. For example, the very first prototype 

environmental SPT
7 

proved the logistical feasibility of SPTs generally in that sector, but 

was not perfectly effective in several respects. It raised questions, such as how the „target 

value of concentration (X)‟ should be set, and whether the spatial location of the 

contamination should also be reported, rather than just the mean value. This was partially 

resolved by a later SPT, in which the spatial information and target value were created 

synthetically with known values, to enable more robust scoring of the SPT
11

. The practical 

usefulness was therefore limited in the first prototype, but substantially improved the 

effectiveness of later SPTs as a result of subsequent improvements.  

 

By analogy, these first „prototype‟ SPTs in the food sector illustrated the particular 

requirements and limitations of applying these ideas to this new sector. The usefulness of 

the results from both the first, and to a lesser extent the second, SPT can be summarised 

as:- 

 

1. It has been shown that SPTs can be conducted in the food sector, on both liquid and 

solid materials. 

2. A series of 12 assessment criteria can usefully be applied, both before and after an 

SPT, to decide whether the SPT is likely to be effective.  

3. Sufficient heterogeneity (Criterion #4) is a more important requirement of the 

sampling target to meet in the food sector, than in the environmental sector where it 

is more often present. The first SPT lacked sufficient heterogeneity of the key 

analyte in the target, meaning that it was not possible to detect differences between 

the proficiency of samplers using typical sampling protocols. This could also be 
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viewed as a positive attribute for the food industry, because it shows that the quality 

of the sampling using those protocols is not particularly sensitive to the particular 

skills of the samplers. 

4. Where the precision of the analytical method is poor (e.g. 20% for patulin in apple 

juice in the first SPT) the power of the SPT to detect differences between the 

samplers can be lost. This limitation was overcome in the second SPT (analytical 

precision 0.4% for moisture in butter), but it also depends on how the precision 

compares against the heterogeneity of the target.  

5. An SPT in the food sector has been shown to be effective in detecting non-

proficient samplers. It showed high z-scores (> +/- 2), and rescaled sum of z-scores 

(> +/- 3), for two samplers participating in the Butter-SPT (one untrained, but 

another a trained professional)  

6. In the process of organising SPTs in the food sector, it became evident that there 

was some un-willingness of organisations to participate, both as a participant, and 

as the host of an SPT. The issue of improving this motivation, by explaining the 

advantages of SPTs, requires future consideration. 

7. Nearly all of the professional samplers in both of the prototype SPTs performed 

acceptably, according to their z-scores. This could be seen as an ideal outcome for a 

routine SPT, as it shows that very few of these professional samplers (i.e. one) were 

non-proficient.  It was not, however, ideal for a prototype SPT where a 

demonstration of the ability to detect more non-proficient samplers would have 

been informative.  

8. Another cause for concern is that all samplers in both SPTs chose the same 

sampling protocol, making these IOSTs more like collaborative trials in sampling 

(CTS). In previous environmental SPTs, the freedom of samplers to choose their 

own sampling protocols, based on their professional judgement, was part of the test 

of their proficiency. The variation in the protocols chosen, and their differing 

interpretations even within one protocol, may well have contributed to a much 

wider range of z-scores
11

. An alternative interpretation is that in the food sector the 

samplers are better trained, and always do choose the correct protocol for a given 

circumstance, but further food-based SPTs would be needed to verify this. 

9. The poor definition of a sampling target
1
 was shown to cause problems in the 

estimation of measurement uncertainty and in the scoring of participants. 

10. SPT results can be used to estimate total measurement uncertainty, including not 

only sampling precision, but also the potential bias between different samplers. For 

example, in the Butter SPT the uncertainty estimated using the SPT results (0.87%, 

relative, for 95% confidence) was twice the value of that estimated using single 

sampler methodology (0.39%)
1
. The latter method is equivalent to the „duplicate 

method‟ that is recommended
15 

and often used for this purpose, so the SPT value 

may well be providing a more reliable estimate of the uncertainty. 

11. The best experimental design for an SPT in the food sector is probably that used 

here (Fig 1). Although it costs more to implement both duplicate analyses and 

duplicate samples for each participant, it has the great advantage of enabling the 

effect of sample heterogeneity to be quantified (in the within-sampler variance). It 

also allows the effect of the analytical precision on the outcomes (both z-score and 

uncertainty) to be quantified (as the analytical variance). This conclusion is 

certainly valid for prototype SPTs, such as those described here, but it may also be 

that in a routine SPT on a well characterised sampling target, that simplified designs 

might be evaluated in future (e.g. an unbalanced design
15,

 
Page 98

 ). 

12. The best method for scoring an SPT is still not certain, but one method is a possible 

candidate. In the best experimental design (Fig 1) each participant produces four 

results, so the options of scoring by using just one of these values (Option A1) 
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seems not to make best use of all of the information. The use of averages of some, 

or all, of these four numbers, will tend to smooth out the effects of individual 

measurement results. One promising option is to calculate individual z-scores for 

each result, but then use some sort of aggregate score based on all four numbers. 

One approach to this would be to use the rescaled sum of the z-scores
30

 (RSZ = 

z/m), but another option, or a different threshold, may be required to overcome 

the effect of the lack of independence between the four z-scores for each participant. 

 

5.4 Suggestions to improve the usefulness of future SPTs in the food sector 

 

1. Perform a further SPT on a sampling target/ analyte combination that more closely 

fulfils the 12 assessment criteria for an effective SPT (Table 1). One example could 

be the sampling of a large batch of groundnuts for aflatoxins. Initial investigations 

during this project suggested that such a typical 20 ton batch at a sea port would be 

expected to have sufficient heterogeneity to provide a sensitive sampling target for 

detecting differences between the proficiency of different samplers. Recruitment of 

participants should aim to attract samplers from different ports that undertake this 

sampling, but which are geographically well separated, so as to get more 

independence between the samplers. They should also be encouraged to choose 

whatever sampling protocol they consider appropriate according to their 

professional opinion, rather than simply being steered into applying the same 

protocol (as happened in both of the  SPTs in the current study). 

 

2. The definition of the sampling target should be unambiguous, and correspond 

exactly with that used by the vendor of the material for trading purposes. This 

should ensure that the target standard deviation of scoring the SPT can be based 

upon the fitness-for-purpose specified by the vendor (if it is available). 

 

3.  Separate the roles of ownership of the sampling target, SPT participant, and 

analytical laboratory. None of the participants should own the sampling target or 

the analytical laboratory, and therefore should have no potential conflicts of interest 

concerning the implications of the findings to any management decisions that are 

made on the quality and fate of the target material. The analytical lab, in an SPT of 

this design with centralised chemical analysis, should not be one of the SPT 

participants or the owner of the sampling target (unless that is the organiser of the 

SPT, which is perhaps the ideal situation). 

 

4. Location the sampling target. It would be preferable to locate the sampling target 

for the SPT in a location that would enable samplers from different organisations to 

participate without any concern about the commercial confidentiality of a 

production process. From this perspective a neutral location would be preferable to 

one owned by one of the participants. 

 

5. Improve the motivation of organisations and samplers to participate in SPTs.  
This might be achieved by requiring participation in SPTs for the accreditation of 

sampling (or the certification of samplers). This approach has clearly increased 

participation of laboratories in APTs, which are now well established in the food, 

and many other sectors. In the early development of APTs only the lab, rather than 

the whole organisation, was involved in what were then called „round robins‟. As a 

result, informal participation in PTs was not often resisted by company 

management. By contrast, SPTs require the cooperation of the senior management 

of a company right from the start. Moreover, the sampling personnel are often 
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managed from outside the established measurement quality systems of food 

production organisations, and their training and supervision often seem to be less 

rigorous than they are for laboratory staff. It is perhaps not surprising that although 

measurement scientists in many organisations are often initially enthusiastic about 

taking part in an SPT, the senior management is usually less so. It is particularly 

important to find ways to motivate organisations who are sampling heterogeneous 

material using minimally trained samplers, and which can therefore potentially 

benefit most from participating in a series of SPTs. 

 

6. There could be some advantages in holding a Measurement Proficiency Test 

(MPT) rather than an SPT. In an MPT each participant would not only take their 

own sample, but also conduct their own sample storage, physical preparation and 

chemical analysis. This would simplify the performance scoring, as no allowance 

would have to be made for separating the effects of sampling and analysis. It would 

not matter in this case whether the analytical method was a large source of 

uncertainty (Criterion #2 less important), as it would be the overall performance, 

rather than just that of the sampling, that would be assessed. It would be up to the 

participant to decide the cause of any non-proficient score. In one published 

example of an SPT that was very similar to an MPT
7
, a matched reference material 

was also distributed to all participants, in order to enable some level of diagnosis for 

non-proficient scores. 

 

7. Steps to reduce atypical sampling behaviour in an SPT. The proficient z-scores of 

nearly all of the professional samplers in both prototype SPTs suggest that they may 

have lacked independence, and/or that they may have been trained intensively 

before the SPT took place. This raises an important issue, which also arises in APTs, 

that the performance of participants in a formal PT may not well represent that 

which is typical of routine operations. It future it would be better to recruit the 

samplers that are more independent of the target owner, and only give them exact 

details of the sampling target close to the time of the SPT. Such a procedure was 

employed in an environmental SPT
11

, and a greater proportion of non-proficient 

scores was recorded (33% |z|>2, 22% |z| >4). Perhaps these arrangements for a food 

SPT would result in scores that more accurately reflect the performance of the 

samplers under routine conditions. 

 

8. Organiser of SPTs should be encouraged to try to quantify any overall sampling 

bias that may be affecting all of the participants. The first SPT on patulin in apple 

juice illustrated that although all of the participants agreed with each other on the 

patulin concentration, they may have all been equally biased. This was due, in this 

case, to the fixed location of the only sampling point on the side (rather than the 

base) of the tank used to hold the batch of apple juice. The SPT organisers 

attempted to estimate any possible bias, by sampling the batch as it flowed out of 

the tank, but this again had to be taken from the tap on the side, rather than one that 

could have been placed in the outflow pipe at the base of the tank. This example 

does, however, illustrate the general principle of SPT organizers aiming to take an 

independent and more representative sample of the batch, by a non-routine protocol, 

in order to quantify any sampling bias. This bias could then be included in the 

report to participants and included in estimates of the overall measurement 

uncertainty
15

. 
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6. Conclusions and further work required 
 

This research achieved its aim by proving the feasibility of Sampling Proficiency Tests 

(SPTs) in the food sector by selecting and undertaking two SPTs (patulin in apple juice and 

moisture in butter). The first SPT, as a prototype, was not intended to be perfect, but was 

used to help devise and refine 12 criteria (Table 1) that can be used to assess whether the 

results of such SPTs are likely to be effective in providing samplers with scores that truly 

reflect their proficiency. When these 12 criteria were applied to the first SPT several 

limitations were identified, including 

 a lack of sufficient heterogeneity of the key analyte in both sample targets  

 poor analytical precision that obscured differences between the samplers  

 lack of independence between the samplers  

 poor access to the material in the target  

These limitations were largely overcome in the second SPT, but this did have a different 

limitation: 

 poor definition of the sampling target (the batch of butter) which complicated the 

scoring of participants, and the estimation of uncertainty 

 

Most of these deficiencies can be overcome in future SPTs by more careful selection of the 

sampling target, the key analyte, and the participant samplers. In terms of the more general 

practicality of setting up SPTs, a key issue is a need to improve the motivation of 

organisations in the food sector to participate. One approach to this may be to work toward 

the accreditation of food samplers by UKAS, and to include the participation in SPTs as a 

requirement of that accreditation. Accreditation of samplers is already underway in some 

other sectors, such as the monitoring of gaseous emissions from stacks, and is likely to be 

extended
31

. Participation in analytical proficiency tests (APTs) is already a requirement for 

laboratory accreditation under ISO 17025. 

 

The ultimate uptake of SPTs in the food sector may well be driven by their perceived 

usefulness. These prototype SPTs have been very effective in identifying how SPT design 

needs to improve, and how their usefulness can be assessed.  

 

It did prove possible to devise a scoring scheme for SPTs that took into account two 

differences from APTs. Allowance was made for the necessary heterogeneity of the 

sampling target, and also excessive analytical uncertainty that could potentially cause 

outlying scores unrelated to the proficiency of the sampler. The best experimental design 

(Fig 1), which was fully implemented in the second SPT, enabled the uncertainty caused by 

the heterogeneity and the analysis to be quantified, as within-sampler and analytical 

variance respectively. The between-sampler effect, which is essential to an effective SPT, 

was thereby separated and quantified. It may be that performance scores should not be 

reported if there is no detectable between-sampler variance, as they are unlikely to reflect 

the performance of samplers. For the apple juice SPT no between-sampler effects were 

detected, probably due to a combination of insufficient heterogeneity in the target and poor 

analytical precision. For the butter SPT, evidence for two non-proficient samplers was 

detected. One was a non-professional sampler purposefully included in the SPT to see if a 

difference in performance could be detected. The other borderline non-proficient sampler 

was a professional who had a single z-score above 2. The potentially best scoring scheme, 

based on the best experimental design, generates 4 z-scores per participant, but combines 

them in one value (with a technique such as a rescaled sum of z-scores (RSZ = z/m). 

More research is required to refine this scoring method, so that it is shown to fairly reflect 

the proficiency of samplers, over a wider range of sampling targets. 
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It also proved possible to use the SPT results to estimate the uncertainty of measurements 

of concentration, by a quite novel approach. European Guidance
15 

suggested making such 

estimates of uncertainty from sampling (and analysis) using a single sampler approach, 

using what is called the „duplicate method‟. This research showed that using the multiple 

samplers in the butter SPT, the estimate uncertainty (0.87%) was substantially higher than 

that from the single sampler approach (0.39%). This is because of the contribution of the 

„between-sampler‟ effects, which probably reflects bias between their sampling techniques. 

Such a difference was not detected for the apple juice SPT, probably due to the insufficient 

heterogeneity and/or the relatively poor analytical precision. 

 

Further research is required on a wide range of topics within this new field, if the full 

potential of SPTs in the food sector is to be realised (discussed more fully in Section 4.4).  

 

Proposals include:-  

1. The holding of a further SPT on a food target, with sufficient heterogeneity and 

more independent samplers, that has the potential to show the different 

proficiencies of the participant samplers more clearer. It will require:- 

- an unambiguous definition of the sampling target.  

- separated roles for the owner of the sampling target, and the SPT participants.         

- an independent location for the sampling target, that encourages participation of 

participants from a wide range of organisations.  

- an independent analytical lab.  

- assessment of the SPT using the 12 criteria to be met for an effective SPT 

(Table 1). 

- steps to be taken to make the sampling behaviour in the SPT more typical of 

that used in routine sampling 

- mechanisms in place to quantify any overall sampling bias that may be affecting 

all of the participants (e.g. by independent sampling of the batch using another 

technique). 

2. Aim to improve the motivation of organisations and samplers to participate in SPTs, 

perhaps by collaboration with UKAS on the accreditation of sampling.   

3. Consider holding a Measurement Proficiency Test (MPT), rather than just an SPT, 

in which the participants are responsible for the whole measurement process (i.e. 

sample preparation and chemical analysis, as well as sampling). This will more 

accurately reflect the performance of whole organisations and the reliability, and 

total uncertainty, of the resultant measurements. 
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Appendices 
 

Appendix A: Glossary of terms and abbreviations  

 

This report contains technical terms and abbreviations, which are defined here so as to 

assist the reader. 

 

ANOVA  Analysis of variance 

APT   Analytical proficiency test  

CTS   Collaborative trial in sampling 

FFP   Fitness for purpose 

IOST   Inter-organizational sampling trial 

ISO   International organization for standards  

PT   Proficiency test 

RANOVA  Robust analysis of variance 

SD   Standard deviation 

SNF   Solids non fats 

SPT   Sampling proficiency test 

 

Sampling Process of drawing or constituting a sample. 

ISO 11074-2 (1998)
32

, ISO 3534-1 (1993)
33

 

Sampling target Portion of material, at a particular time, that the sample is intended 

to represent. 

AMC (2005)
34

 

 

Uncertainty from 

sampling  

The part of the total measurement uncertainty attributable to 

sampling. 

Note. Also called sampling uncertainty 

IUPAC (2005)
35

 

 

 

A fuller glossary of terms relating to sampling, and the measurement uncertainty it 

generates, can be found elsewhere
15

. 
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Appendix B: Time schedule of sampling: first SPT on patulin in apple juice 

 

Table B.1. Schematic sampling schedule, with the actual times of sampling noted 

 
Time→ 

 

                               

Sampler 1 
Sample 1 

                               

Sampler 1 

Sample 2 

                               

Sampler 2 
Sample 1 

                               

Sampler 2 

Sample 2 

                               

Sampler 2 
Sample 1 

                               

Sampler 3 

Sample 2 

                               

Sampler 4 
Sample 1 

                               

Sampler 4 

Sample 2 

                               

Sampler 5 
Sample 1 

                               

Sampler 5 

Sample 2 

                               

Sampler 6 

Sample 1 

                               

Sampler 6 

Sample 2 

                               

Sampler 7 

Sample 1 

                               

Sampler 7 

Sample 2 

                               

Sampler 8 

Sample 1 

                               

Sampler 8 

Sample 2 

                               

 
Table B.2. The actual times of sampling for first SPT on patulin in apple juice 

 

Sampler Time    

1.  3:16-3:18  

2.  3:20-3:21  

3.  3:22-3:23  

4.  3:23-3:24  

5.  3:24-3:25  

6.  3:25-3:26  

7.  3:27-3:28  

8.  3:29-3:30  

9.  3:30-3:31  



 31 

Appendix C: Instruction to samplers: first SPT on patulin in apple juice 
 

 

Instruction for individual samplers 

 

1. Two samples are to be drawn from the designated container of apple juice. 

 

2. Both samples should be drawn in the same way as you would do routinely. 

 

3. Between drawing the first and second sample, please wait approximately one or two 

minutes. 

 

4. Clearly mark the samples with your number followed by “1” or “2” for the first and 

second sample respectively (e.g. 3/2 for the second sample taken by the third 

sampler). 

 

5. Please give both samples to the organizers. 
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Appendix D: Random sample codes for first SPT on patulin in apple juice 

 

Sample codes generated using random numbers. 

 

Sample 

sequence 

number 

Sampler Duplicate 

sample 

Sample code 

1 1 1 SPT-6 

2 2 SPT-3 

3 2 1 SPT-1 

4 2 SPT-16 

5 3 1 SPT-14 

6 2 SPT-15 

7 4 1 SPT-10 

8 2 SPT-5 

9 5 1 SPT-22 

10 2 SPT-4 

11 6 1 SPT-8 

12 2 SPT-21 

13 7 1 SPT-17 

14 2 SPT-12 

15 8 1 SPT-23 

16 2 SPT-19 

17 9 1 SPT-18 

18 2 SPT-2 

19 Outflow 

6500 l 

 SPT-7 

20 Outflow 

5000 l 

 SPT-20 

21 Outflow 

3500 l 

 SPT-13 

22 Outflow 

2000 l 

 SPT-9 

23 Outflow 

1200 l 

 SPT-11 

 

Appendix E: Characteristics of discharged apple juice after the first SPT  

     

Volume in tank 
(l, approx.) 

Sample code Time Temp (
o
C) Patulin conc. 

(μg l
-1

) (1
st
 Dup) 

6500 SPT-7 16:40 8.7 57.0 

5000 SPT-20 16:46 9.5 56.5 

3500 SPT-13 16:47 9.0 45.1 

2000 SPT-9  16:51 9.0 51.0 

1200 SPT-11 16:54 9.5 49.9 
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Appendix F: Analytical results for the first SPT on patulin in apple juice  

 

Sample 
Code 

Patulin (ppb)
(1),(3)

 Brix  (%)
(1)

 Malic Acid (%)
(1)

 Vitamin C (mg/l)
(1)

 Ratio(
1),(2),(3)

 Volume 
(ml) 

Dup 1 Dup 2 Dup 1 Dup 2 Dup 1 Dup 2 Dup 1 Dup 2 Dup 1 Dup 2 

SPT-1 49.0 44.5 12.8 12.8 0.42 0.42 200 200 30.5 30.5 204 

SPT-2 55.6 46.6 12.8 12.8 0.43 0.42 200 200 29.8 30.5 224 

SPT-3 48.7 40.3 12.8 12.8 0.43 0.43 200 200 29.8 29.8 243 

SPT-4 61.8 47.3 12.8 12.8 0.42 0.42 200 200 30.5 30.5 196 

SPT-5 56.4 38.9 12.8 12.8 0.43 0.43 200 200 29.8 29.8 210 

SPT-6 54.7 39.6 12.8 12.8 0.43 0.42 200 200 29.8 30.5 243 

SPT-7 57.0 40.0 12.8 12.8 0.43 0.43 200 200 29.8 29.8 228 

SPT-8 51.6 42.9 12.8 12.8 0.43 0.43 200 200 29.8 29.8 206 

SPT-9 51.0 41.5 12.8 12.8 0.43 0.43 200 200 29.8 29.8 235 

SPT-10 52.1 42.8 12.8 12.8 0.44 0.44 200 200 29.1 29.1 223 

SPT-11 49.9 55.5 12.8 12.8 0.44 0.44 200 200 29.1 29.1 251 

SPT-12 56.6 42.3 12.8 12.8 0.43 0.44 200 200 29.8 29.1 204 

SPT-13 45.1 46.7 12.8 12.8 0.42 0.43 200 200 30.5 29.8 224 

SPT-14 46.1 45.7 12.8 12.8 0.43 0.43 200 200 29.8 29.8 228 

SPT-15 50.5 42.8 12.8 12.8 0.43 0.43 200 200 29.8 29.8 251 

SPT-16 48.1 37.7 12.8 12.8 0.43 0.42 200 200 29.8 30.5 208 

SPT-17 46.3 41.2 12.8 12.8 0.42 0.43 200 200 30.5 29.8 201 

SPT-18 50.2 36.7 12.8 12.8 0.43 0.43 200 200 29.8 29.8 223 

SPT-19 58.4 42.5 12.8 12.8 0.44 0.43 200 200 29.1 29.8 194 

SPT-20 56.5 40.5 12.8 12.8 0.44 0.43 200 200 29.1 29.8 220 

SPT-21 56.2 35.6 12.8 12.8 0.42 0.42 200 200 30.5 30.5 208 

SPT-22 52.2 40.6 12.8 12.8 0.43 0.43 200 200 29.8 29.8 199 

SPT-23 52.0 38.5 12.8 12.8 0.43 0.43 200 200 29.8 29.8 220 

 

 

Notes: 

(1) Samples were all analyzed in duplicate: “Dup 1” indicates the first analytical measurement 

performed on the sample and “Dup 2” indicates the second analytical measurement performed on the 

same sample. Because of the large number of samples, the analytical determinations were performed 

in two separate batches. During the analytical determinations of the first and second batch, the 

results indicated by “Dup 1” and “Dup 2” respectively were obtained. In order to keep the samples 

fresh, the samples were frozen before the analysis of the second batch. 

(2) This is the ratio of the Brix content and the Malic Acid concentration. 

(3) Rounded to one decimal place in this table by the organizers of the SPT, in order to make the table 

more easily readable. 
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Appendix G: Peer-reviewed paper published from this research
1
.    

 http://dx.doi.org/10.1039/C0AN00705F.  

http://dx.doi.org/10.1039/C0AN00705F
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Appendix H: List of sample codes for second SPT on moisture in butter 
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p
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d
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A 1 1 SPT-34 E 2 1 SPT-93 

A 1 2 SPT-14 E 2 2 SPT-70 

A 1 3 SPT-1 E 2 3 SPT-107 

A 1 4 SPT-77 E 2 4 SPT-20 

A 1 5 SPT-61 E 2 5 SPT-17 

A 1 6 SPT-75 E 2 6 SPT-45 

A 2 1 SPT-46 F 1 1 SPT-85 

A 2 2 SPT-30 F 1 2 SPT-99 

A 2 3 SPT-101 F 1 3 SPT-95 

A 2 4 SPT-21 F 1 4 SPT-15 

A 2 5 SPT-38 F 1 5 SPT-50 

A 2 6 SPT-100 F 1 6 SPT-83 

B 1 1 SPT-90 F 2 1 SPT-11 

B 1 2 SPT-56 F 2 2 SPT-5 

B 1 3 SPT-106 F 2 3 SPT-84 

B 1 4 SPT-92 F 2 4 SPT-10 

B 1 5 SPT-6 F 2 5 SPT-44 

B 1 6 SPT-37 F 2 6 SPT-59 

B 2 1 SPT-94 G 1 1 SPT-108 

B 2 2 SPT-57 G 1 2 SPT-88 

B 2 3 SPT-40 G 1 3 SPT-3 

B 2 4 SPT-48 G 1 4 SPT-33 

B 2 5 SPT-8 G 1 5 SPT-78 

B 2 6 SPT-76 G 1 6 SPT-18 

C 1 1 SPT-87 G 2 1 SPT-52 

C 1 2 SPT-26 G 2 2 SPT-27 

C 1 3 SPT-42 G 2 3 SPT-104 

C 1 4 SPT-79 G 2 4 SPT-19 

C 1 5 SPT-31 G 2 5 SPT-65 

C 1 6 SPT-102 G 2 6 SPT-43 

C 2 1 SPT-60 H 1 1 SPT-51 

C 2 2 SPT-55 H 1 2 SPT-49 

C 2 3 SPT-36 H 1 3 SPT-73 

C 2 4 SPT-62 H 1 4 SPT-82 

C 2 5 SPT-58 H 1 5 SPT-91 

C 2 6 SPT-69 H 1 6 SPT-25 

D 1 1 SPT-53 H 2 1 SPT-41 

D 1 2 SPT-105 H 2 2 SPT-39 

D 1 3 SPT-72 H 2 3 SPT-22 

D 1 4 SPT-64 H 2 4 SPT-32 

D 1 5 SPT-80 H 2 5 SPT-68 

D 1 6 SPT-98 H 2 6 SPT-96 

D 2 1 SPT-71 I 1 1 SPT-74 

D 2 2 SPT-9 I 1 2 SPT-16 

D 2 3 SPT-67 I 1 3 SPT-54 

D 2 4 SPT-103 I 1 4 SPT-2 

D 2 5 SPT-23 I 1 5 SPT-4 

D 2 6 SPT-89 I 1 6 SPT-86 

E 1 1 SPT-66 I 2 1 SPT-7 

E 1 2 SPT-24 I 2 2 SPT-13 

E 1 3 SPT-12 I 2 3 SPT-47 

E 1 4 SPT-81 I 2 4 SPT-63 

E 1 5 SPT-28 I 2 5 SPT-29 

E 1 6 SPT-35 I 2 6 SPT-97 
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Appendix I: Pre-prepared blank list for second SPT on moisture in butter 

 

 

 

Sampler 

 

 

SELECTED BOXES 

 

BOXES THAT BELONG TO THE FIRST 

DUPLICATE SAMPLE: 

BOXES THAT BELONG TO THE SECOND 

DUPLICATE SAMPLE: 

 

Inc. 1 

 

 

Inc. 2 

 

Inc. 3 

 

Inc. 4 

 

Inc. 5 

 

Inc. 6 

 

Inc. 1 

 

 

Inc. 2 

 

Inc. 3 

 

Inc. 4 

 

Inc. 5 

 

Inc. 6 

 

 

A 

 

 

           

 

 

B 

 

 

 

 

           

 

 

C 

 

 

 

 

           

 

 

D 

 

 

           

 

 

E 

 

 

 

 

 

           

 

 

F 

 

 

 

 

 

           

 

 

G 

 

 

 

 

 

           

 

 

H 

 

 

 

 

 

           

 

 

I 
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Appendix J: Timing of main activities during second SPT on butter  

 

 
Time Activity Room 

10-10.30 Briefing for 9 samplers, allocation of samplers i.d. letter A-I  Canteen 

10-30-11.06 Selection of 6 sample boxes by each sampler (4 min each x 9) – writing 

box numbers on a pre-prepared blank list 

Main Butter Store 

11.06-11.36 Selection of duplicate 6 sample boxes by each sampler- writing box 

numbers on a second pre-prepared blank list 

Main Butter Store 

11.36 -12.36 Samplers:- extract their 12 selected boxes   

- Label boxes with their coloured labels (e.g. Green A1.1- A1.6, A2.1- 

A2.6, Blue B1.1- B1.6, B2.1- B2.6)  

- Put boxes onto their individual pallet (labelled A or B –H)  

Fork lift driver transports the 9 pallets to just outside sampling room 

Main Butter Store 

12.36 – 13.36 3 samplers at a time (working out of sight of each other) take samples 

from each of their first 6 ( and then 2
nd

 6) boxes and place them in 

containers with pre-prepared labels (2 min per box). (Other samplers 

have lunch) 

Sampling room 

13.36 -14.36 2
nd

 lot of 3 samplers take samples (as above). (Other samplers have 

lunch) 

Sampling room 

14.36 – 15.36 3
rd

 lot of 3 samplers take samples (as above) Sampling room 

15.36 –16.06 Batch of all laboratory samples check off and dispatched to the 

laboratory used for this SPT (Eurofins) 

Sampling room 
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Appendix K: Instructions for samplers for second SPT on moisture in butter 

 

 

SAMPLING PROFICIENCY TEST AT THE CREAMERY - 8TH FEB 2007 

 

1. Please select and take your samples as you would do normally. 

2. Please select two sets of six boxes and write the box numbers for both sets on the pre-prepared list. 

3. You will be given a colour pattern label you will label your selected boxes with to facilitate you 

finding your boxes. 

4. After all participants have selected their boxes you will be asked to remove your selected boxes and 

put them on your pallet. 

5. Your pallet will be transported to the sampling room where you will be asked to subsample each of 

your selected boxes in a separate area for each sampler. 

6. If your box has also been selected by another sampler, please pass your box to that sampler after you 

have drawn all your subsamples from that box. 

7. Please label your sample containers clearly and present them to the organizers of the Sampling 

Proficiency Test. 
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Appendix L: Analytical results for moisture for second SPT on moisture in butter 

 Sample ID(1) Box Number(2) Moisture 1(3), (4) Moisture 2(3),(5) 
A01 906 15.4439 15.4258 

A02 983 15.2982 15.1956 

A03 1100 15.5475 15.5086 

A04 1193 15.5227 15.4893 

A05 1294 15.6199 15.5698 

A06 1579 15.4125 15.3038 

A07 959 15.3678 15.4072 

A08 1033 15.5078 15.5066 

A09 1285 15.4785 15.4470 

A10 1502 15.5617 15.4541 

A11 1555 15.4731 15.4994 

A12 1388 15.5942 15.5633 

B01 1085 15.3268 15.3027 

B02 948 15.3787 15.2804 

B03 876 15.3128 15.3919 

B04 1199 15.1783 15.1695 

B05 1522 15.6387 15.4386 

B06 1399 15.3577 15.3713 

B07 1440 15.3475 15.3232 

B08 1564 15.4263 15.4040 

B09 1237 15.1704 15.2083 

B10 841 15.2735 15.2559 

B11 964 15.5486 15.4237 

B12 1081 15.4256 15.4086 

C01 1309 15.3049 15.2622 

C02 1458 15.4622 15.4711 

C03 819 15.5504 15.5044 

C04 903 15.4670 15.3561 

C05 968 15.3569 15.2908 

C06 1033 15.5089 15.5567 

C07 1116 15.3290 15.3333 

C08 884 15.3983 15.4577 

C09 1144 15.4510 15.4065 

C10 1264 15.5361 15.5044 

C11 1390 15.3707 15.4503 

C12 1586 15.6458 15.5586 

D01 1366 15.4007 15.3404 

D02 1528 15.3932 15.4313 

D03 1482 15.4159 15.4307 

D04 1160 15.4175 15.4287 

D05 925 15.4576 15.4739 

D06 1080 15.4118 15.3756 

D07 1401 15.5226 15.4164 

D08 1519 15.4808 15.4196 

D09 1281 15.4502 15.4353 

D10 839 15.4889 15.4462 

D11 959 15.3570 15.4439 

D12 1040 15.3918 15.3241 

E01 1442 15.4005 15.4049 

E02 1400 15.2816 15.2441 

E03 1320 15.5144 15.4260 

E04 1240 15.3381 15.2051 

E05 1199 15.5029 15.4457 
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E06 1159 15.4134 15.4794 

E07 1119 15.4186 15.3769 

E08 1079 15.4047 15.3751 

E09 1039 15.5108 15.4605 

E10 998 15.4645 15.4356 

E11 958 15.3125 15.3282 

E12 918 15.5239 15.4596 

F01 1040 15.3189 15.2977 

F02 908 15.2113 15.2455 

F03 845 15.6027 15.5884 

F04 1196 15.4849 15.4410 

F05 1471 15.3363 15.2758 

F06 1559 15.5347 15.4769 

F07 1549 15.4524 15.3079 

F08 1519 15.5401 15.4668 

F09 1166 15.1962 15.1146 

F10 879 15.4025 15.3920 

F11 965 15.5297 15.4891 

F12 1109 15.3845 15.3132 

G01 1116 15.3675 15.4012 

G02 1004 15.3401 15.3104 

G03 884 15.5339 15.4764 

G04 1200 15.5124 15.5034 

G05 1326 15.6825 15.6887 

G06 1448 15.5390 15.4743 

G07 1397 15.5249 15.5877 

G08 1519 15.5838 15.5968 

G09 1157 15.3576 15.3891 

G10 839 15.5391 15.5833 

G11 959 15.4909 15.4799 

G12 1079 15.4155 15.4744 

H01 828 15.4130 15.4063 

H02 908 15.3618 15.2902 

H03 1106 15.0805 15.2153 

H04 1221 15.4005 15.5444 

H05 1357 15.4803 15.3461 

H06 1579 15.4674 15.4368 

H07 946 15.1140 15.1449 

H08 1086 15.4365 15.4176 

H09 1189 15.3834 15.3475 

H10 1270 15.4630 15.4997 

H11 1479 15.6674 15.5316 

H12 1559 15.1674 15.1150 

I01 1036 15.3635 15.3150 

I02 912 15.3820 15.4635 

I03 1160 15.3452 15.3219 

I04 1471 15.1345 15.0026 

I05 1180 15.4295 15.3333 

I06 1321 15.2735 15.2309 

I07  1116 15.4411 15.5306 

I08 1401 15.4869 15.5518 

I09 1522 15.3280 15.3887 

I10 1146 15.2678 15.3039 

I11 1260 15.1815 15.1959 

I12 905 15.3493 15.2618 
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NOTES for Appendix L: 

 

(1) The letter indicates the sampler: A=first sampler, B=second sampler, C=third sampler, D=fourth 

sampler, E=fifth sampler, F=sixth sampler, G=seventh sampler, H=eighth sampler, I=ninth sampler. The 

number represents the order in which the samples were taken, e.g. A10 represents the tenth increment 

drawn by sampler “A”. 

(2) Each box in the lot was numbered. The first box was numbered 805 and the last box was numbered 

1608. Box numbers 806, 1007, 1208, and 1409 were absent. 

(3) Units are in weight-percent (% m/m). 

(4) This column gives the results for the first duplicate analysis on the sample. 

(5) This column gives the results for the second duplicate analysis on the sample. 
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Appendix M: Results for SNF for second SPT on moisture in butter 

Sample ID(1) Box Number(2)     SNF 1
(3), (4)

    SNF 2(3), (5) 
A01 906 1.8519 1.8801 

A02 983 1.8941 1.7543 

A03 1100 1.7107 1.6371 

A04 1193 1.8288 1.8189 

A05 1294 2.0214 2.0061 

A06 1579 2.0328 2.0050 

A07 959 1.8120 1.7983 

A08 1033 1.7450 1.6769 

A09 1285 1.8694 1.9503 

A10 1502 1.6410 1.5910 

A11 1555 1.9821 1.9403 

A12 1388 1.9424 1.8477 

B01 1085 1.7212 1.8239 

B02 948 1.7435 1.7762 

B03 876 1.8043 1.7448 

B04 1199 1.9065 1.8793 

B05 1522 1.7110 1.6590 

B06 1399 1.8593 1.8308 

B07 1440 1.9853 1.8440 

B08 1564 1.8294 1.8052 

B09 1237 1.9529 1.9575 

B10 841 1.7518 1.7150 

B11 964 1.6680 1.7150 

B12 1081 1.9031 1.9000 

C01 1309 1.9607 1.9080 

C02 1458 1.6352 1.6043 

C03 819 1.8634 1.8366 

C04 903 1.8623 1.8893 

C05 968 1.7841 1.7298 

C06 1033 1.9984 1.9173 

C07 1116 1.8248 1.7877 

C08 884 1.7056 1.6693 

C09 1144 1.7550 1.7440 

C10 1264 1.8665 1.9309 

C11 1390 1.7873 1.8575 

C12 1586 1.7596 1.7571 

D01 1366 1.7735 1.7699 

D02 1528 1.9102 1.9076 

D03 1482 1.8279 1.8184 

D04 1160 1.8618 1.8402 

D05 925 1.7694 1.8448 

D06 1080 1.9239 1.9536 

D07 1401 1.7844 1.7672 

D08 1519 1.7710 1.7011 

D09 1281 1.7916 1.8754 

D10 839 1.9619 1.9296 

D11 959 1.6732 1.6614 

D12 1040 1.8359 1.8034 

E01 1442 1.7116 1.7803 

E02 1400 1.7654 1.7897 

E03 1320 1.6247 1.6479 

E04 1240 1.8453 1.8932 

E05 1199 1.7671 1.7476 



 51 

E06 1159 1.8780 1.8421 

E07 1119 1.8210 1.8465 

E08 1079 1.7500 1.7237 

E09 1039 1.7954 1.7859 

E10 998 1.7189 1.7774 

E11 958 1.7367 1.8126 

E12 918 1.7048 1.7334 

F01 1040 1.8477 1.9042 

F02 908 1.8576 1.9454 

F03 845 1.6436 1.6990 

F04 1196 1.7248 1.6956 

F05 1471 1.8625 1.8402 

F06 1559 1.7924 1.7422 

F07 1549 1.6088 1.6685 

F08 1519 1.7595 1.7225 

F09 1166 1.6561 1.5994 

F10 879 1.6733 1.6453 

F11 965 1.7568 1.7396 

F12 1109 1.8435 1.8748 

G01 1116 1.7585 1.7782 

G02 1004 1.8393 1.9101 

G03 884 1.6211 1.7902 

G04 1200 1.6734 1.6352 

G05 1326 1.9329 1.8771 

G06 1448 1.7476 1.7010 

G07 1397 1.9295 1.9683 

G08 1519 1.7870 1.7336 

G09 1157 1.8874 1.9605 

G10 839 1.7810 1.7756 

G11 959 1.9413 1.9900 

G12 1079 1.7950 1.8196 

H01 828 1.9698 1.9536 

H02 908 1.9006 1.9227 

H03 1106 1.8698 1.9082 

H04 1221 1.8232 1.7569 

H05 1357 1.7120 1.9595 

H06 1579 1.6296 1.6458 

H07 946 1.8538 1.9838 

H08 1086 1.7360 1.7700 

H09 1189 1.7414 1.8567 

H10 1270 1.7767 1.8315 

H11 1479 1.8835 1.8219 

H12 1559 1.8227 1.8138 

I01 1036 1.8665 1.9785 

I02 912 1.7751 1.8240 

I03 1160 1.8090 1.8026 

I04 1471 1.7885 1.6683 

I05 1180 1.7415 1.6176 

I06 1321 1.8766 1.8916 

I07  1116 1.8048 1.7293 

I08 1401 1.6934 1.6215 

I09 1522 1.7554 1.7884 

I10 1146 1.9144 1.9616 

I11 1260 1.9227 1.9827 

I12 905 1.9498 1.9921 
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NOTES for Appendix M: 

 

(1) The letter indicates the sampler: A=first sampler, B=second sampler, C=third sampler, D=fourth 

sampler, E=fifth sampler, F=sixth sampler, G=seventh sampler, H=eighth sampler, I=ninth sampler. The 

number represents the order in which the samples were taken, e.g. A10 represents the tenth increment 

drawn by sampler “A”. 

(2) Each box in the lot was numbered. The first box was numbered 805 and the last box was numbered 

1608. Box numbers 806, 1007, 1208, and 1409 were absent. 

(3) Units are in weight-percent (% m/m). 

(4) This column gives the results for the first duplicate analysis on the sample. 

(5) This column gives the results for the second duplicate analysis on the sample. 
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