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£ 10 NS HI0H AF (AFB1, B2, GI, G2) ZMHRE LABKOEIT SN, MfTICRE
W, FUKEFRIA LA L) T 74 25 4 —H 5 L0 IPLC 12 &k BRSO B R &
UTHRAINAA X 0EFEICHE TR AF ORIE TR ELISA v ROERISRD 5
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MICRIST YU AE ) 70—k EFRIA LT, EEHES ELISA +v F gz
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ENH D,

A. FEEEM BRI AT OHEIIBWT, 7))
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F 2 (AF) 13, BB WA TARC 2 %) EFEmEINTBD., HErREIICXL
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2 (BIVYE) ON-EFraF A7 21
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ReEIEE U, 4 F 3 L0 AFBl O VR F
IWEIZN-EROF AT 21 2 REES
L. AT LUz,

- 190 -



HRP 10 mg % PBS | mLIC¥EML . LFELD
EHEIZAT)V 440 pl ZMA 7z, BB TILD
B - < DR LA F LML AFBL OF
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#1. AF ZiEM L7 E—J v YNY — O G BLISA 128 2 H0E#S R

T 5ol | BEE WEf—75 >0 | WEM—7 5> 018
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Proficiency testing (PT) for the determination of pesticide residues in soybean samples was organized by
the National Metrology Institute of Japan (NMl]). The candidate certified reference material, NMl) CRM
7509-a, that was prepared from the raw soybeans containing target pesticides (diazinon, fenitrothion,
chlorpyrifos, and permethrin) was used as the test sample. Forty participants submitted two sets of
analytical results along with the details of the analytical method and conditions they applied. Two types
of assigned values were established for each target pesticide: one was derived from the analytical results
of the participants, and the other was provided from the analytical results by isotope-dilution mass
spectrometry (IDMS). The latter values were 7.4-16% higher than the former values, plausibly because
the analytical values from the IDMS measurements were not affected by the recovery ratio of the target
pesticides during the analytical process. Thus, two kinds of z-scores were calculated for individual
participants using the corresponding assigned values: one (z;-score) showed the relative performance
score for the present PT and the other (z,-score) could be used for evaluation of the trueness of their
analytical methods.

Primary method of measurement

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Various pesticides are used worldwide to protect foods against
pests and diseases [1]. However, high levels of residual pesticides
in foods may result in adverse effects on human health. In Japan,
the Positive List System for Agricultural Chemicals Remaining in
Foods was introduced in 2006 to prohibit the distribution of foods
that contain agricultural chemicals above a certain level, even if
the maximum residue limits (MRLs) have not been established [2].
Under this system, analysis of a wide variety of residual pesticides
in foods that are under quarantine or in the market is routinely
performed.

Analytical protocols for determining the presence of pesticide
residues in food samples usually involve complex extraction of the
target pesticides, multi-step clean-up of the obtained extracts, and
sensitive and selective quantification via a chromatographic tech-
nique [3-5]. Ensuring the reliability of the results is crucial to
control the risk associated with pesticide residues. Proficiency

* Corresponding author. Tel.: +81 29 861 9416; fax: +81 29 861 6866.
E-mail address: t-yarita@aist.go.jp (T. Yarita).

http://dx.doi.org/10.1016/j.talanta.2014.09.001
0039-9140/© 2014 Elsevier B.V. All rights reserved.

testing (PT) is one of the key elements in the implementation
of an appropriate quality assurance program and performance
monitoring procedure for chemical analysis laboratories [6,7].
Consequently, a number of PT programs for the determination of
pesticide residues in food samples have already been organized
[8-15].

The National Metrology Institute of Japan (NMIJ) has recently
undertaken the development of crop certified reference materials
(CRMs) for the validation/verification and quality assurance of
pesticide residue analysis. The candidate materials used for devel-
opment of the CRMs were prepared from raw crops containing the
target pesticides. Characterization of the target pesticides was
carried out by isotope-dilution mass spectrometry (IDMS), which
has the potential to be a primary method of measurement [16-19].
To date, we have issued five kinds of CRMs in this field [20-23].

Another recent undertaking of the NMI] is the organization of
PTs for inorganic-constituent analysis of food samples to support
skill upgrading of food analysis laboratories [24,25]. In 2012, the
NM]IJ initiated another PT program for pesticide-residue analysis of
food samples. The first round PT was carried out using the
candidate soybean powder material, NMI] CRM 7509-a [23],
as a test sample. In this PT, two kinds of assigned values were
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established: one was derived from the analytical results of the
participants, and the other was provided from the analytical result
used in the certification of CRM 7509-a. In this article, the process
and the results of the PT are reported and the difference between
the two assigned values is discussed.

2. Experimental
2.1. Test samples

An outline of the preparation of the test samples is presented
as follows: the raw soybeans (Glycine max, cv. Enrei) were
cultivated so as to contain 0,0-diethyl-O-2-isopropyl-6-methyl-
pyrimidin-4-yl phosphorothioate (diazinon), 0,0-dimethyl-0-4-
nitro-m-tolyl  phosphorothicate (fenitrothion), 0,0-diethyl-O-
3,5,6-trichloro-2-pyridyl phosphorothioate (chlorpyrifos), and
3-phenoxybenzyl (1RS, 3RS, 1RS, 3RS)-3-(2, 2-dichlorovinyl)-2,
2-dimethylcyclopropanecarboxylate (permethrin). The soybeans
were air-dried, freeze pulverized, mixed, bottled into amber glass
bottles (10 g each), sterilized by y-irradiation (15 kGy), and then
the prepared samples were stored at ca. —80 °C until use. The
homogeneity of the prepared samples was evaluated by the Japan
Food Research Llaboratories (Tokyo, Japan) by quantifying the
target pesticides. The relative standard uncertainties related to
the inhomogeneity were evaluated according to 1SO Guide 35 [26]
with values of 1.89% for diazinon, 4.00% for fenitrothion, 3.10% for
chlorpyrifos, and 3.16% for permethrin. The details of the prepara-
tion and the homogeneity evaluation of the test samples have
been described elsewhere [23].

2.2. Determination of pesticides in the test samples by NMIJ

The analytical results used in the certification of NMIJ CRM 7509-a
were utilized in the present PT. These results were obtained by three
analytical methods (Method 1, Method 2, and Method 3) conducted at
NMIJ, the flow diagrams and the corresponding target pesticides of
which are shown in Fig. 1. These methods consisted of extraction and
clean-up processes that were based on the Analytical Methods for
Residual Compositional Substances of Agricultural Chemicals, Feed
Additives, and Veterinary Drugs in Food [3] and IDMS quantification
by GC/MS measurements. Specifically, the initial analytical results
(0 month) of the long-term stability assessment that were obtained by
Method 1, and the analytical results of the characterization that were

diazinon, fenitrothion,
chilophyrifos, permsthiin
Sample

L water (stend for 16 in)

Target pesticide

obtained by Method 2 or Method 3 were used to obtain the assigned
values 2 (described in Section 2.4.). These analyses were performed in
MNov. 2011, which was about four months prior to distribution of the
samples to the participants. Additionally, the analytical results of the
short-term stability monitoring that were obtained by Method 1 were
used to evaluate the stability of the PT samples. These analyses were
performed two weeks before distribution of the sample (April 2012)
and three weeks after the deadline for submission of the participant
results (August 2012).

2.3. Analysis by the participants

This PT round was announced to food manufacturers, agricultural
producers, testing laboratories, public research institutes, etc, in Japan
and was subscribed by 43 participants. On May 8, 2012, the test
samples (2 bottles) and working instructions were sent to each
participant by a delivery company using a refrigerated transport. The
participants were asked to store the samples at —30 to —20°Cin the
dark, and then to perform duplicate analysis of the target pesticides
(the target pesticides to be determined were selectable by each
participant). The participants were also asked to report the details of
the analytical method and quantification conditions (such as the
purity or concentration of primary calibrants, linear range of the
calibration curves, the extraction and clean-up procedure, and the
quantification method and its conditions) as well as the analytical
results with observed chromatograms using a prescribed sheet in
Excel format. The deadline was set to July 31, 2012,

2.4. Establishment of assigned values

For each target pesticide, two kinds of assigned values were
established. The assigned value 1 (X) was obtained from the
analytical results of the participants as follows: the outliers of the
results were excluded by Cochran's test and Grubbs' test, and the
median of the included results was then calculated. The normalized
interquartile range (NIQR) was also calculated by multiplying the
interquartile range (the difference of quartile 3 and quartile 1) of the
included analytical results by 0.743. The assigned value 2 (Xpwy) Was
the weighted mean of the NMI] analytical results obtained by the
corresponding analytical methods (Method 1 and either Method 2 or
Method 3). Simultaneously, the predicted reproducibility standard
deviation (PRSDg), which is the expected inter-laboratory precision
for each target pesticide, was calculated using the modified Horwitz

equation [27].

chlohyrifos permathrin
Sample mple

+ sotope-dabalad isotope:

 witor {elend for 12) . vater slend for 21)

l Homogenization '
viith acstoniirile
}
[sPE(oDs)_]
}

| Cleanup |

Homogenization Homogenization
i ]

Parlition vith Partiion vin
ecetonitrila/hexane ecetoniirile/exane
$ $

SPE (Carb/NH

|SPE (Siica gal) |

|__SPE (Florisi) |

IDMS (GC/MS) IDMS (GC/MS) IDMS (GC/MS)
| poed Vg | | ! ] ()
¥ection. injection: on-column Injection. on-column

Fig. 1. Flow diagrams of the analytical methods for respective target pesticides used by NMij.
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2.5. Calculation of z-scores

The performance of each participant was evaluated via the
z-score approach in accordance with the ISO/IEC 17043 [28], ISO
13528 [29], and the International Harmonized Protocol for the
Proficiency Testing of Analytical Chemistry Laboratories [7] meth-
ods. Because two kinds of assigned values were established in this
PT, the corresponding z-scores (z; and z,) were calculated using
the following equations:

_X,‘—-Xm

%1="NIgR M
_ Xi—Xnmy

%2 =" FRSDq @

where x; represents the analytical result for the target pesticide of
the individual participants.
3. Results and discussion
3.1. Stability assessment of the test samples
The target pesticides of the test samples were assayed on three

occasions (in November 2011, April 2012, and August 2012) by the
NMIJ using Method 1. A one-way analysis of variance (ANOVA) test

{p < 0.05) indicated that for each target pesticide, the difference in
these three data points were not significant. These results sug-
gested that the concentrations of the target pesticides in the PT
samples stored at NMIj remained unchanged during the period
from the measurements to obtain assigned value 2 to the deadline
for submission of the analytical results by the participants.
Furthermore, the pesticide concentrations should remain constant
if the participants stored the samples under the instructed condi-
tions (at —30 to —20°C in the dark). The relative standard
deviation of the concentration for permethrin during the stated
period was 6.87%, whereas the standard deviation for the other
target pesticides was calculated to be below 0.

3.2. Analytical methods and results of the participants

Analytical results were submitted by 40 participants. Answers
to the questionnaire on the analytical method and quantification
conditions (matrix-matching of the calibration solutions, collec-
tion of the observed analytical values with the recovery ratio) that
the participants applied are summarized in Fig. 2. More than half
of the participants utilized the Multiresidue Method for Agricul-
tural Chemicals by GC/MS (Agricultural Products) (hereafter
referred to as “Multiresidue Method”) as the extraction and
clean-up method; this is an analytical method established by the
Analytical Methods for Residual Compositional Substances of

Extraction and Matrix-matching of Coliection with
Measurement method
clean-up calibration solution recovery ratio
Partici 0 Multiresidue GCIMS or GCMSIMS (22) with cleaned-up extract of o .
[E— r PO ——
articipants (40) Method (22) ° blank soybean (7) ene (1)
'——not done (8)
e witht p glycot (5) not done (5)
~—not done (10} ——1—done (1)
L—rniot done (8)
QuUEChERS or with cleansd-up extract of
— —— GC/MS ar GC/MS/MS (6) —_ done (1)
STQ(7) blank soybean (1)
ith pol glycol (4} not done (4)
L——not done (1) not done (1)
b SFC/MS/MS (1) not done (1) not done (1)
with cleaned-up extract of
——SFE (4) GCIMS (4) —_— done (3)
blank soybean (3)
b with other material (1) not done (1)
with cleaned-up extract of
L——Others (7) —— GC/MS or GC/MS/MS (5) R naed done (1)
blank soybean (1)
—with glycol (2) not done (2)
'——not done (2) not dona (2)
e GC-FPD and GC-ECD (1) not done (1) not done (1)
b { C/MSIMS (1) not done (1) not done (1)
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Fig. 2. Summary of the analytical methods and quantification conditions used by the participants. Numbers in parentheses indicate the frequencies of the participants.
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Agricultural Chemicals, Feed Additives, and Veterinary Drugs in Food
[3]. This method was verified by the Ministry of Health, Labour, and
Welfare, Japan, and is intended for use in the Positive List System for
Agricultural Chemical Residues in Foods {2} The procedure is almost
the same as that of Method 1, in which the target pesticides are
extracted with acetonitrile followed by clean-up using SPE (see Fig. 1).
In a spike and recovery test, as a criterion, the recovery ratio of each
target pesticide should be in the range 70-120% [30]. If this criterion is
met, the observed analytical results from the “Multiresidue Method”
can be used without collection of the data based on the corresponding
recovery ratio. Therefore, most participants who used this method in
the present PT did not collect their analytical values. On the other
hand, seven participants applied either the QUEChERS method [5,31]
or the STQ [32] method; in both methods, acetonitrile was used as the

extraction medium. The latter method consisted of extraction of the
target pesticides by the QuEChERS method and clean-up of the
extracts using small-size SPE cartridges. Supercritical fluid extraction
(SFE), which can shorten the analytical time in comparison with the
classical solvent extraction [5,33], was used by four participants. In all
cases, carbon dioxide was used as the extraction medium without
any modifier. Three participants cleaned up the extracts using SPE
cartridges. Moreover, three participants collected the observed analy-
tical values with the recovery ratios of the target pesticides, given that
the trapping efficiency of some target pesticides by the collection
solvent, which was placed at the end of the system, was not close
to 100%,

The results of analysis of the concentration of fenitrothion were
submitted by all the participants, whereas those for diazinon and
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Fig. 3. Effect of the extraction and clean-up method on the analytical results of the participants. (a) Multiresidue Method for Agricultural Chemicals by GC/MS (Agricultural
Products), (b) QUEChERS method or STQ method, (¢) SFE method, and (d) other methods.
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Fig. 4. Effect of matrix-matching of the calibration solution on the analytical results of the participants for assay of fenitrothion, The results obtained by the Multiresidue
Method for Agricultural Chemicals by GC/MS (Agricultural Products) are indicated. (a) Without matrix-matching, (b) with matrix-mating using cleaned-up extract of blank

soybean, and (c) with matrix-matching using polyethylene glycol.

Table 1
Assigned value 1 and other fundamental statistics.

Pesticide Quartile 1 Assigned value 1 (median) Quartile 3° NIQR
Diazinon 16.0 203 241 6.0
Fenitrothion ~ 69.5 80.7 983 213
Chlorpyrifos 89 100 129 29
Permethrin 145 18.1 225 6.0

The unit of the values is pg/kg.

chlorpyrifos were submitted by 39 participants, and that for perme-
thrin was submitted by 37 participants. Fig. S1 shows histograms of
the analytical results. For each target pesticide, an unimodal distribu-
tion was obtained for the relationship between the analytical con-
centration and the number of participants (frequency). A Kolmogorov-
Smirmov test (p > 0.05) was performed to evaluate the distribution of
the analytical results, in which the normality of the distribution was
supported for all target pesticides.

The analytical results were plotted based on the method
employed, as shown in Fig. 3. One participant that applied SFE
obtained results below 0.05 pg/kg for all of the target pesticides,
probably due to an error in the conversion of the units. Fig. 3
indicates that even with the use of the same analytical method,
there was considerable variation of the observed analytical values
among the laboratories. Thus, the effect of the analytical method
on the results was not significant. Similar consideration was given
to the effect of the matrix-matching of the calibration solution on
the analytical values: It is well known that the response of analyte
of the sample solution (which was prepared from a real food
sample herein) in GC/MS measurement is sometimes higher than
that of the calibration solution [34-36]. To avoid this effect, 12
participants used calibration solutions that were matrix-matched
using the cleaned-up extract of the blank soybean, and the other
11 participants employed calibration solutions containing poly-
ethylene glycol. As an example, the analytical results of feni-
trothion obtained by the Multiresidue Method were plotted
based on the type of calibration solution, as shown in Fig. 4. The
effect of matrix-matching of the calibration solution on the
observed values was much less significant than the variation of
the values among laboratories. Note that both the target pesticides
and matrix used in the present PT were quite limited, further
investigation is required for a more general evaluation of these
effects.

3.3. Evaluation of the participants' performance using assigned value
1

3.3.1. Assigned value 1
The median of the analytical results of the participants was
used as the X, value given that this approach is considered robust

and has been widely adopted by Japanese PT providers [37].
Initially, the analytical result from the participant that had made
an error in the conversion of the units was rejected as an outlier.
Subsequently, Cochran's test and Grubbs' test were carried out, in
which one result was rejected for diazinon and chlorpyrifos, and
three results were rejected for permethrin in the latter test. Using
the remaining results, the fundamental statistics (including the
Xm and NIQR values) were obtained, as shown in Table 1. When
compared with the MRLs [38], the X values were 20% for
diazinon, 40% for fenitrothion, 3.3% for chlorpyrifos, and 36% for
permethrin, expressed as relative concentrations. These concen-
trations were deemed suitable for evaluation of the performance
of the individual participants.

3.3.2. Assessment using z;-scores

For each participant, the z;-scores for the respective target
pesticides were calculated using Eq. (1). The distribution of the
participants’ z;-scores is shown in Fig. 5. Based on the ISOJIEC
17043 protocol, the participants' performance was ranked into the
following classes:

(1) 1z41 < 2.0, “satisfactory” performance,
(2) 2.0 <lz;l < 3.0, "questionable” performance, and
(3) 3.0 < Izyl, “unsatisfactory” performance.

The number of participants in the individual classes is sum-
marized in Table 2. If the participants' iz values follow the normal
distribution, the ratio of the participants having Iz, values ranking
in the second or third classes should comprise almost 5% of the
entire participants. The observed ratios in the present PT were 5%
for diazinon, 13% for fenitrothion, 13% for chlorpyrifos, and 16% for
permethrin, where the ratio was slightly higher for target pesti-
cides other than diazinon.

3.4. Evaluation of the participants’ performance using assigned value
2

3.4.1. Assigned value 2

For each target pesticide, the weighted mean of the analytical
results obtained by Method 1 and either Method 2 or Method
3 was calculated, and the result was used as the Xy value. The
analytical methods used here were based on IDMS, and indepen-
dent extraction and clean-up procedures were applied to avoid
any possible analytical bias. The uncertainty corresponding to the
Assigned value 2 was then estimated according to the ISO Guide
35 by combining the standard uncertainty of the analytical results
and those corresponding to the inhomogeneity and instability of
the PT samples. The details of these processes are described in
the Supplementary material, and the results are summarized in
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Fig. 5. Distribution of the participants' z,-scores.

Table 3
Table 2 Assigned value 2 with corresponding combined dard uncertainty and PRSDg.
Classification of the participants’ z;- and z,-scores.
Pesticide Assigned value 2 Combined dard uncertainty  PRSDg
Pesticide Number of iz 20<iznl 3.0 iz 20<izi 3.0 of assigned value 2
participants 2.0 <30 <lzyl <20 <30 <izo N
Diazi 218 0.6 48
Diazinon 39 37 0 2 34 3 2 Fenitrothion  87.9 56 19.3
Fenitrothion 40 35 3 2 33 3 4 Chlorpyrifes  11.6 06 25
Chlorpyrifos 39 34 3 2 35 2 2 Permethrin 199 19 44
Permethrin 37 31 3 3 26 7 4

The unit of the values is pg/kg.
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Table 3. The strategy to obtain the Assigned value 2 and the
corresponding uncertainty is the same as that used to certify the
NMIJj CRMs [39], and the obtained Xnuy values seemed highly
reliable and traceable to SI units.

3.4.2. Assessment using z,-scores
If the participants submitted the analytical results with the
corresponding uncertainties, their performance could be assessed

using Assigned value 2 via the E;-number approach {28]. However,
at present, it is not easy for most food-analysis laboratories in
Japan to estimate the uncertainties of their analytical results. In
the present PT, therefore, participants were asked only to submit
two sets of the analytical results without uncertainties. Thus, the
performance of the participants using Assigned value 2 was also
assessed by the z-score approach. For this purpose, the PRSDg
value was calculated for each target pesticide using the modified
Horwitz equation. Table 3 shows the results, where the relative

Diazi

Zy8007e

Laboratory

ZysC0T@

Laboratory

Leboratory

Permethrin

250076

Laborstory

Fig. 6. Distribution of the participants' z,-scores.
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percentage of the respective PRSDg values was 22% in relation to
the corresponding Xwwy values, and the PRSDy was much larger
than the combined standard uncertainty of the Assigned value 2.

The z,-scores for the individual target pesticides were then
calculated for each participant using Eq. (2). Fig. 6 shows the
distribution of the participants’ z,-scores. The performance of the
participants was ranked into the following classes:

(1) Iz < 2.0, “satisfactory” performance,
(2) 2.0 <izz! < 3.0, "questionable” performance, and
(3) 3.0 < lz3l, "unsatisfactory” performance.

The number of participants in the individual classes is also
summarized in Table 2. The ratio of the participants having Iz,i
values ranking in the second or third classes was 13% for diazinon,
18% for fenitrothion; 10% for chlorpyrifos, and 30% for permethrin.
Most participants quantified permethrin according to the follow-

- ing process: cis- and trans- isomers were individually quantified
using corresponding calibrants and the observed concentrations
were then summed. This might result in a higher ratio of
permethrin in comparison with the other pesticides.

3.5. Comparison of two assigned values

Because assigned value 1 was obtained using the analytical
results of the participants, this value possibly depended on the
analytical method  and. quantification conditions used by the
participants, the participants’; skill, etc. Therefore, the analytical
methods and quantification conditions of all participants were
listed in the final report of the present PT. On the other hand,
assigned value 2 was obtained by the analytical methods based on
IDMS at NMIJ. The observed Xy values were 7.4-16% higher than
the corresponding X, values. As described above, most partici-
pants did not correct their observed analytical values with the
recovery ratios of the target pesticides during the analytical
process. At NMIJ, the recovery ratios of isotope-labeled pesticides
spiked onto the samples were monitored. The recovery ratios were
79-91% in Method 1. In the IDMS measurement, the recovery
ratios of the target pesticides did not affect the analytical values if
equilibrium between the target and isotope-labeled pesticides was
achieved. The differences between the two assigned values may be
due to the difference in the impact of the recovery ratio during the
two processes. In previous PTs for the determination of pesticide
residues in food samples, the assigned values (concentration)
obtained using the participants’ analytical results were lower than
the spiked concentrations employed for preparation of the test
samples [15,40]: these results support our previous conclusion
that the differences between the two assigned values may be due
to the difference in the impact of the recovery ratio during the two
processes.

Because assigned value 2 was higher than the corresponding
assigned value 1, the zp-score tended to be higher than the
corresponding z;-score (if the NIQR and PRSDg values were not
significantly different). This differenice between the two scores
might be confusing to the participants; therefore, the participants
were advised that the z;-scores showed the relative performance
score for the present PT. They were also advised to use the
zp-scores in their evaluation of the trueness of their analytical
methods.

4. Conclusion
A new PT program for pesticide-residue analysis of food sémp]es

was initiated, and the first round of the program was carried out
using the candidate soybean material, NMIj CRM 7509-3, as the test

sample, Two kinds of assigned values were established using either
the participants’ analytical results or the NMIJ's IDMS analytical
results, and the corresponding z-scores were calculated for indivi-
dual participants. The participants could select the appropriate
score according to the purpose of their assessment, The effects of
the analytical method and quantification conditions on the partici-
pants' analytical results were also cursorily considered; further
investigation is required to evaluate these effects more generally.
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