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Abstract—The Surabaya Center for Seed and Plantation Protection (BBPPTP Surabaya) carried out interlaboratory comparison 
research to test the quality of pesticide formulations. This study aimed to determine the ability of each participating laboratory 
to analyze the concentration of the active ingredients’ beta-cyfluthrin, chlorpyrifos, and profenofos in test samples expressed 
in z-score values. A total of 15 laboratories participated in this program. The quality test method of the pesticide formulations 
for the beta-cyfluthrin, chlorpyrifos, and profenofos active ingredients referred to the Association of Official Agricultural 
Chemists (AOAC) method, which was developed and validated. A homogeneity test was carried out before the test samples 
were distributed. The data were evaluated using a robust z-score statistical calculation algorithm, a method under the 
International Organization for Standardization (ISO) 13528:2016. The assigned values used to calculate the z-score were 
obtained by statistical processing of participants’ test results. The results of the stability test calculation showed that the 
distributed sample data was statistically stable. Three laboratory participants were in the questionable category, and one 
laboratory participant was in the outlier category. 
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1. INTRODUCTION 

One of the technical requirements that must be 
fulfilled in applying SNI ISO/IEC 17025:2017 is the quality 
assurance of the test results. TesSts by a testing 
laboratory are part of a significant decision-making 
process; hence, a mechanism is required to assist the 
validity of the data issued by the laboratory concerned. 
This can be achieved by implementing interlaboratory 
comparisons [1]. 

Interlaboratory comparison is research to evaluate 
the performance of testing laboratories against 
predetermined criteria according to their competence. 
The general objectives of interlaboratory comparison 
include evaluating laboratory performance in testing 
and monitoring laboratory performance, identifying 
problems in the laboratory, determining the 
effectiveness and comparability of test and 
measurement methods, increasing customer 
confidence in laboratories, identifying differences 
between laboratories, educating participated 
laboratories based on the results of comparisons, 
validating the uncertainty claims, evaluating the 

performance characteristics of a method, and 
determining the reference material values [2]. 

Analysis of the quality of pesticide formulations is a 
mandatory requirement for pesticide companies to 
register these pesticides at the Ministry of Agriculture 
before distribution. In addition, the analysis of the 
quality of pesticide formulations is also an essential 
test because the large number of pesticides circulating 
in the market requires quality controls on the active 
ingredient content of the pesticide formulation. Khattab 
et al. [3] have found that pesticides are not registered, 
and several other pesticides contain active ingredients 
that do not match the claims on the label. In addition, 
pesticides that do not contain active ingredients or can 
be called counterfeit pesticides are also found. Based 
on data from the Directorate General of Agricultural 
Infrastructure and Facilities on www.pestisida.id, the 
number of pesticide formulations registered and 
permitted by the Minister of Agriculture in 2022 is 1,890 
trademarks. 

Quality testing laboratories for pesticide
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formulations spread throughout Indonesia require 
comparison facilities to guarantee the quality of test 
results. However, until 2022, of the 28 laboratories 
conducting proficiency testing (PUP) that have been 
accredited by the National Accreditation Committee 
(KAN), no laboratories have carried out proficiency 
tests on the quality of pesticide formulations. This also 
occurs internationally, where most PUP institutions 
conduct proficiency tests on pesticide residues. It is 
recorded that only the National Accreditation Board for 
Testing and Calibration Laboratories (NABL) from India 
routinely conducts quality proficiency tests for 
pesticide formulation [4]. 

The Surabaya Centre for Seed and Plantation Plant 
Protection (BBPPTP Surabaya) is one of the testing 
laboratories appointed by the Minister of Agriculture as 
one of the institutions for testing the quality of pesticide 
formulation based on the Decree of the Minister of 
Agriculture Number 653/Kpts/SR.330/M/11/2021 
attempting to organize comparison of quality testing of 
pesticide formulations. 

The scope of this comparison research is to test the 
levels of the pesticide formulations of beta-cyfluthrin 
(C22H18Cl2FNO3), chlorpyrifos (C9H11Cl3NO3PS), and 
profenofos(C11H15BrClO3PS) active ingredients (Fig. 1). 

These three pesticides are included in the insecticides 
class. The preference of this scope is due to the class 
of insecticides is being categorized as a type of 
pesticide with a high quantity and use in Indonesia, and 
many pesticide laboratories in Indonesia can analyze 
these active ingredients. 

 

Fig. 1  Chemical structure of beta-cyfluthrin (A), chlorpyrifos (B) and 
profenofos (C) 

The test results data from the laboratory participants 
are then processed and evaluated using robust 
statistical tests. The robust statistics are now the 
preferred approach for proficiency test (PT) providers, 
as suggested by ISO 13528. Robust statistics reduce the 
impact of outliers on the calculated statistical 
parameters, such as the mean and standard deviation 
[5]. 

To determine the performance of each participating 
laboratory, the z-score value needs to be calculated. 
Laboratory performance is good if the z-score value is 
between -2 to 2. There are various calculation methods 
for determining the z-score for each participant. Most 
commonly, the z-score is used to measure the PT 
scheme performance of participants on the basis of 
participant results, assigned value, and standard 
deviation of proficiency assessment [6]. Rosario et al. [7] 
compare four z-score calculation methods, concluding 
that algorithm A calculation method provides a high z-
score value. Setiawati [8] also compares four z-score 
calculation methods, concluding that the median and 
scaled median absolute deviation (MADe) calculation 
methods provide the smallest coefficient of variation 
when compared with other methods. Hardjito [9] uses 
algorithm A method to calculate the z-score. SNI ISO 
13528: 2015 has established several z-score calculation 
methods that can be used, including the sample mean 
and standard deviation method, the median and MADe 
method, the median and normalized interquartile range 
method (nIQR), algorithm A method, and Qn and 
Q/Hampel methods [10]. Several calculation methods 
can be employed to determine the z-score value of the 
comparison participants; the most unsatisfactory 
results (outliers) are then selected.  This study aims to 
determine the performance of each participating 
laboratory based on the z-score value using the 
algorithm A calculation method. 

2. EXPERIMENTAL SECTION 

2.1.  Materials 

The materials used in this research were beta-
cyfluthrin analytical grade standard (99.5% purity 
ChemService, USA), chlorpyrifos analytical grade 
standard (99.5% purity ChemService, USA), profenofos 
analytical grade standard (96.4% purity ChemService, 
USA), acetone analytical grade (JT Baker, USA), beta-
cyfluthrin pesticide formulation (A), chlorpyrifos 
pesticide formulation (B) and profenofos pesticide 
formulation (C). 

2.2. Instrumentations 

The instruments used in this research included 10 mL 
volumetric flask (pyrex), pycnometer (pyrex), 20-100 µL 
micropipette (Eppendorf, Germany), analytical balance 
(Kern, Germany), Chromatography Gas (GC) Shimadzu 
type 2010 plus, rtx-1 column with column dimensions of 
4.6 x 150 mm and particle size of 3.5 μm, and Flame 
Ionization Detector (FID) detector. 

2.3. Standard Preparation 

Each standard was weighed ±10 mg and put it in a 10 
mL volumetric flask, then acetone was added. The 
standard solution was diluted to a concentration of ±100 
µg/mL 

https://pubchem.ncbi.nlm.nih.gov/#query=C22H18Cl2FNO3
https://pubchem.ncbi.nlm.nih.gov/#query=C9H11Cl3NO3PS
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2.4. Preparation of Samples 

The test sample was weighed ±100 mg, put in a 10 mL 
volumetric flask, and then acetone was added. The 
solution was diluted to a concentration of ±100 µg/mL. 
In addition, the density of the test sample was 
measured using a 10 mL pycnometer. 

2.5. Sample Analysis 

Testing on the GC-FID instrument used a modified 
method from AOAC with conditions of beta-cyfluthrin 
injector temperature 300 ºC, chlorpyrifos 300 ºC, and 
profenofos 300 ºC, column temperature beta-cyfluthrin 
270 ºC, chlorpyrifos 210 ºC and profenofos 210 ºC, 
detector temperature beta-cyfluthrin 300 ºC, 
chlorpyrifos 250 ºC and profenofos 300 ºC. 

Standard solution 1 µL was injected into the GC 
equipment, then 1 µL of the test sample solution was 
injected. The active ingredient content in the test 
sample is calculated using the eq. (1). 

 
(1) 

Where DF is dilution factor, and ρ is density of the 
sample. 

2.6. Homogeneity Test 

The homogeneity test was carried out by testing ten 
samples randomly and calculating the Mean Square 
Between (MSB) (Eq. 2) and Mean Square Within (MSW) 
(Eq. 3) values. 

 
(2) 

 
(3) 

The comparison ingredients will be homogeneous if 
the Fcount = MSB/MSW is smaller than the Ftable. 

2.7. Analysis of Participants’ Test Results Data 

The assigned value was determined based on the 
consensus value of the comparison participant report. 
The duplo data analysis results sent by each laboratory 
were calculated statistically using the robust z-score 
statistical calculation algorithm A method, according to 
SNI ISO 13528: 2016. Algorithm A is a Z-score 
calculation method with strong statistical analysis, 
identification, and removal of outliers can be avoided. 
One of algorithm A's advantages is its high relative 
effectiveness (97%) in determining the population's 
mean and standard deviation, even with a moderate 
number of participants [11].  If the participants’ test 
results are not homogeneous, they are selected first 

using the Dixon test. Furthermore, the selected data 
are processed using the robust Z-score algorithm A. 

2.8. Stability Test 

Data from the homogeneity test results were 
employed as the first data for stability tests. The 
second data was obtained by analyzing the participants 
who had committed a comparison by taking three test 
samples. An example is said to be stable if the first 
data and the second data do not indicate a significant 
difference and are determined by the eq. (4). 

|  | < 0.3 × n IQR (4) 

where is average sample results of the second 

test,  is average homogeneity test results, 0.3 
value is constants defined by APLAC, and nIQR is 
normalized difference between the 3rd and 1st quartiles. 

3. RESULT AND DISCUSSION 

The homogeneity of the test samples is a critical 
component in proficiency testing programs. Each 
participant must receive an identical sample. Thus, the 
homogenization of test samples in this research was 
carried out using pesticide formulations originating 
from the same producer and production code, as well 
as mixing and stirring. Each active ingredient was 
labeled and divided into 30 bottles of 30 mL sample 
size. 

3.1. Homogeneity Test 

A homogeneity test is required in comparison to reveal 
that a group of bottles of the test material prepared has 
fairly homogeneous properties; thus, if there is a 
difference in the test results of the participants with the 
reference value, it is not due to the inhomogeneous test 
material but due to the performance of the laboratory. 
Ten bottles were randomly selected and analyzed in 
duplicate in this homogeneity test using a 
predetermined method. 

Series1 (blue dots) and series2 (red dots) show duplo 
repetition data for each bottle (Fig. 2). The results are 
analyzed using the F-test to evaluate whether the 
prepared test material is homogeneous. The calculation 
used the Mean Square Between (MSB) and Mean 
Square Within (MSW). An example of a comparison is 
considered homogeneous if the Fcount = MSB/MSW is 
smaller than the Ftable.  

The homogeneity graphs above demonstrate the 
consistency of the test results between 10 test samples 
and between replicates. To determine the homogeneity 
level, statistical calculations were carried out. 

Based on the statistical data (Table 1), the beta-
cyfluthrin, chlorpyrifos, and profenofos active 
ingredients had a Fcount value smaller than Ftable; hence, 
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the test samples prepared for this research were 
homogeneous and suitable for distribution to 
participating laboratories. 

Table 1. Results of homogeneity test statistics 

Active 
Ingredients 

MSB MSW F count F table* 

Beta-cyfluthrin 2.093 0.894 2.339 3.02 
Chlorpyrifos 388.31 329.98 1.117 3.02 
Profenofos 949.23 609.66 1.557 3.02 

*P = 0.05; V1 = 9; V2 = 10 

 

 

Fig. 2  Homogeneity of (A) beta-cyfluthrin, (B) chlorpyrifos, and (C) 
profenofos 

3.2. Stability Test 

Besides the homogeneity test, the stability test (Table 
2) is also a pivotal factor in determining the success of 
the comparison program. Many factors can affect the 
stability of a comparison material, starting from room 
temperature conditions, storage, and transportation. 
Therefore, organizers of comparison must ensure that 
the conditions of the test materials distributed do not 
change, which can affect the test results of participants 
[12]. 

In carrying out this comparison, a stability test is 
applied to ensure that the quality of the test sample is 
relatively the same (stable) compared to the quality of 

the sample when the test material is being prepared 
(homogeneity test). If the test substance is stable, then 
the difference in the participant’s test results with the 
reference value is not caused by differences in the 
quality of the test material but by the laboratory 
performance. 

Table 2. Summary of stability test statistics 

Active 
Ingredients   | | 

0.3 x n 
IQR 

Beta-cyfluthrin 33.80 33.92 0.123 2.266 
Chlorpyrifos 403.21 402.67 0.537 4.873 
Profenofos 486.37 481.67 4.69 10.04 

 
 

The data is said to be stable if the | | value is 
smaller than the 0.3 x nIQR value. Based on the table 
data above, beta-cyfluthrin, chlorpyrifos, and 

profenofos active ingredients had | | value 
smaller than the 0.3 x nIQR value; thus, the test sample 
in this comparison research was declared stable. 

3.3. Data Analysis of Participant’s Test Result 

An easy and internationally accepted statistical 
method for analyzing the test results of comparison 
programs and proficiency testing is to calculate the z-
score of each participant’s test result. Z-score is a 
normal value that gives a score to each test result and 
compares it with other test results in the data set for 
all test results [4]. 

In this study, the assigned value was determined 
based on the consensus value of the participant’s 
report. Duplo data of test results sent by each 
participating laboratory was calculated statistically 
using the robust z-score statistical calculation 
algorithm A method referring to SNI ISO 13528: 2016. 
The result was presented in Fig. 3. 

The z-score value can be determined with several 
calculation methods. This research employed the 
algorithm A method according to SNI ISO 13528:2016 [13]. 
The preference for the z-score calculation method 
using algorithm A is based on research conducted by 
Rosario et al. [7] by comparing four z-score calculation 
methods where algorithm calculation method A 
provides a high z-score value and causes many 
participants to obtain outlier results. This method 
strictly selected z-score values to increase confidence 
in the comparison results.  

The use of the algorithm A method is also mentioned 
by Aryana [14] in her research, which compares three 
calculation methods, namely the algorithm A method, 
the Hampel method, and the M estimator method, 
where the three methods provide similar effectiveness 
in assessing participant performance. Rosario et al. [7] 
also state that the algorithm A method is the second 
best of the four research methods after the fit-to-
purpose method. 
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Fig. 3  Data distribution of (A) beta-cyfluthrin, (B) chlorpyrifos, and 
(C) profenofos test result 

Non-homogeneous data (L12 in Fig. 3(A) and L4 in Fig. 
3(C)) were obtained in the results of the beta-cyfluthrin 
and profenofos data tests. This data must be removed 
from the data. Dixon test can be used to remove the 
data. The Dixon test is another well-known test for 
outliers, which is popular because it’s easy to calculate. 
In the case of small samples, Dixon tests a suspect 
measurement by finding the difference between that 
measurement and the nearest one in size with respect 
to the range of the measurements [15].  

The Dixon test is employed to select data from 
proficiency tests or comparisons if it turns out that 
there are different data from the other participants’ 
data, such as the data on the distribution of the 
profenofos test results from the participating 
laboratories. There was data from the L4 code, which 
differed greatly from the data from most other 
participating laboratories. Likewise, the data from the 
L12 code on the results of the beta-cyfluthrin test were 
much different from the laboratory results of the other 
participants. 

To process the data using the Dixon test, the data 
must first be arranged starting from the smallest data. 
Data declared outliers by the Dixon test were excluded 
from the Robust z-score test. 

Table 3. Dixon test result of beta-cyfluthrin and profenofos 

Active 
Ingredients 

Total 
Data 

Lowest 
Data 

Highest 
Data 

D-table 

Dn 95% 

Beta-
cyfluthrin 

8 0.051 0.763 D8 0.608 
7 - 0.082 D7 0.569 

      
Profenofos 13 0.818 0.448 D13 0.611 

12 0.098 - D12 0.479 

Based on the Dixon test (Table 3), the lowest data 
was smaller than D8; thus, the code data from L4 was 
not discarded. Meanwhile, the highest data was greater 
than D8; thus, the L12 code data was discarded. 
Furthermore, the L11 code is not discarded because the 
highest data is still smaller than D8. Hence, the L12 
code has been declared an outlier by the Dixon test and 
is not included in the Robust z-score test.   

The Dixon test treatment was also applied to the 
distribution of data from the profenofos test results, 
which demonstrated that the data were highly different 
from other participants’ data. 

 

Fig. 4  Z-score graph value of the (A) beta-cyfluthrin, (B) 
chlorpyrifos, and (C) profenofos 

Based on Table 3, it can be implied that the lowest 
data had a more significant value than D13; thus, the L4 
code data was discarded, while the highest data had a 
smaller value than D13, so the L14 code data was not 
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discarded. The data from the L4 code were declared an 
outlier using the Dixon test; hence, it was not included 
in the Robust z-score test. 

After all the data from the participant's laboratory 
was uniform, the data were analyzed using the Robust 
z-score test with the algorithm A method. The 
algorithm A method explains that the robust average 
value and robust standard deviation are calculated 
based on the algorithm A with an iterative (repeated) 
process. This method has been mentioned in SNI ISO 
13528:2016, complementing ISO/IEC Guide 43, which 
does not detail the use of statistical methods in 
proficiency testing [7]. The z-score values from the 
results of algorithm A calculations are illustrated in 
Fig. 4. 

The z-score value obtained can be used to conclude 
whether or not the participants’ laboratory test results 
are accepted. The acceptance criterion of the z-score 
obtained in each participating laboratory was that the 
laboratory was included in the criteria for acceptance 
(inlier) if the |z-score| ≤ 2.0. The laboratory is included 
in the criteria for being questionable if the z-score 
value of the score is in the range of 2.0 < |z-score| < 3.0, 
and the laboratory is in the criteria of not being 
accepted (outlier) if the |z-score| ≥ 3.0. The complete 
results of the evaluation of participant acceptance 
based on the z-score value criteria are shown in Table 
5. 

Table 5. Complete participant acceptance evaluation results 

Participant 
Lab Code 

Beta-
cyfluthrin 

Chlorpyrifos Profenofos 

L1 * Inlier Inlier 
L2 Inlier * * 
L3 * Inlier Inlier 
L4 Inlier * * 
L5 Inlier Inlier Inlier 
L6 * Inlier Inlier 
L7 * Inlier Inlier 
L8 Inlier Questionable Inlier 
L9 Inlier Inlier Inlier 
L10 * Inlier * 
L11 Inlier Inlier Inlier 
L12 * Outlier Inlier 
L13 * Inlier Questionable 
L14 * Inlier Questionable 
L15 Inlier Inlier Inlier 

*did not follow the test parameters 

Table 5 reveals that there are three participating 
laboratories in the outlier category. Participating 
laboratories that received questionable criteria and 
were outliers must conduct investigations and 
corrective actions on their test results. According to 
KAN U-08 Rev. 1 [16], if the results are unsatisfactory, 
the laboratory must immediately investigate to review 
the laboratory's technical competence and quality 
system. Laboratories must analyze the root cause, take 
appropriate corrective action, and preserve evidence 
recording of actions taken. Corrective action was 

carried out by determining the root cause of the 
problem. In determining the root of the problem, it is 
necessary to carefully analyze all potential causes, 
including requirements of the proficiency test 
providers, samples, methods, and procedures, 
personnel skills and training, consumables, or 
equipment and their calibration. Using fishbone 
diagrams to determine the root causes of non-
conformities can be an option for comparison 
participants. The fishbone diagram can identify all 
potential causes. Moreover, determining the root cause 
of the non-conformity can be carried out so that the 
next step in the form of corrective action can be 
considered [17]. 

CONCLUSION 

Statistical calculation method robust z-score 
algorithm A could be used to evaluate the acceptability 
of the results of comparison participants testing the 
quality of pesticides beta-cyfluthrin, chlorpyrifos, and 
profenofos. There were three participating laboratories 
in the questionable category and one participating 
laboratory in the outlier category, which must carry out 
investigations and corrective actions. 
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