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Matrix certified reference materials (CRMs) and proficiency testings (PTs) are effective for evaluation of the quality of analytical results. The Na-
tional Metrology Institute of Japan has developed five kinds of CRMs and has provided eight PTs so far for the quantification of pesticide residues
in foods. Target pesticides were sprayed on growing crops, and the harvests were used for the preparation of CRMs and PT samples. In most

cases, multiple analytical methods based on isotope dilution mass spectrometry were used to ensure the reliability of certified values (for CRMs)
and reference values (for PT samples). These activities were carried out with corresponding to the international standards such as ISO 17034 and
ISO/IEC 17043. An overview of the development of CRMs and the implementation of PTs is described, with some examples.
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Introduction

It is important to analyze the levels of pesticides in foods to
monitor for contamination and to investigate the relationship
between exposure and health risks. The complex sample pre-
treatments and highly selective instrumental analyses involved
in analyzing pesticide residues in food necessitate quality con-
trol to obtain accurate analytical results.” The quality of ana-
Iytical results can be evaluated effectively using matrix certified
reference materials (CRMs) and/or proficiency testings (PTs),
which are also useful for improving measurement quality and
resolving analytical problems.!"®
compounds (e.g., surrogates) to matrix samples such as blank
food (spiking), is widely used for the evaluation of analytical
methods in many testing laboratories. However, solute-matrix

Testing recovery by adding

interactions of native pesticides in food samples may render this
approach unsuitable. Therefore, the use of CRMs is useful be-
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cause the behavior of analytes in CRMs is more similar to those
in actual samples. PT is recommended for testing and calibra-
tion laboratories in the International Standards Organization
(ISO)/International Electrotechnical Commission (IEC) 17025:
2017.9 The Guideline 27 of Codex Alimentarius also requires
laboratories involved in the import and export control of foods
to participate in appropriate PTs.”)

The National Metrology Institute of Japan (NMIJ) has devel-
oped five kinds of CRMs®* and provided eight PTs"!*!¥ so far
for the quantification of pesticide residues in foods. These are
summarized in Tables 1 and 2. This type of CRM has not been
developed previously. The target pesticides selected are wide-
ly used in Japan. For CRMs, we selected matrices that were as
rich in variety as possible. On the other hand, grains such as
brown rice, wheat, and soybean were mainly selected as food
matrices for PTs because other PTs have hardly been performed
using grains despite large amounts of grain being consumed
worldwide. Because our material samples used for CRMs and
PTs contain the target pesticides added by spraying, the method
performance, including extraction efficiency, can be evaluated
accurately. NMIJ analyzed samples using isotope dilution mass
spectrometry (IDMS) to provide highly reliable values for the
pesticides contained in CRMs and PT samples, which is a poten-
tial primary measurement method.!*"'”) In this paper, an over-
view is given of the development of CRMs and the implementa-
tion of PTs.
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Table 1. Comparison of certified concentrations and maximum residue limits for five NMI] CRMs

Matrices (CRM No., Distributed year)

Pesticides

Brown rice Green onion
(7504-a, 2009) (7507-a, 2011)
Chlorpyrifos (MRLs)
Cypermethrin (MRLs) 3.98+0.91 (5)
Diazinon (MRLs) 0.96+0.19 (0.1)
Etofenprox (MRLs) 0.19%0.05 (0.5) 13.9*+1.3(2)
Fenitrothion (MRLSs) 0.1090.017 (0.2) 4.41%+0.29 (0.3)

Permethrin (MRLs)

7.14%0.59 (2)

Cabbage Apple
(7508-a, 2011)

Soybean

(7510-a, 2012) (7509-a, 2013)

6.9+2.4 (0.05)

0.011120.0032 (0.3)

1.55+0.81 (2)

2.28%0.82(0.3) 0.02170.0032 (0.05)

2.41%0.45 (0.01)
5.75+0.68 (5)

3.14%0.79 (0.5)
2.81+0.70 (2)

0.08820.021 (0.05)
0.02010.0043 (0.05)

The values represent the certified concentrations*expanded uncertainties, and the unit of the values is mg/kg; the expanded uncertainties were
determined by using a coverage factor k=2, corresponding to a 95% confidence interval. The grayed out area means non-target pesticide for certifica-
tion; MRLs=maximum residue limits, which are stipulated in a Positive List System for Agricultural Chemical Residues in Foods introduced in May
2006 in Japan. The certified concentrations were obtained by NMIJ analysis. The MRL for fenitrothion in cabbage (7508-a) represents the uniform limit

(0.01 mg/kg) determined by the Ministry of Health, Labour and Welfare, Japan.

1. Quality management system of NMIJ

To ensure international harmonization of the developed CRMs,
NMIJ has a quality management system based on I1SO 170341
and ISO/IEC 17025, which is accredited by the National Insti-
tute of Technology and Evaluation (NITE). CRM certification
has been carried out according to the technical requirements
of ISO Guide 35.! On the other hand, the PTs have been con-
ducted in according to ISO/IEC 17043.2% The statistical treat-
ment of the dataset in these PTs has been carried out based on
ISO 13528.2")

2. Preparation of samples for CRMs and PTs"¢-!%

Using samples containing the target pesticides allows a neces-
sary examination of the analytical method, including extrac-
tion efficiency. Therefore, the raw materials, which were sprayed
with various target pesticides as shown in Tables 1 and 2, were
used for the preparation of CRMs and PT samples. Following
harvesting, the samples were freeze-pulverized or freeze-dried,
homogenized, placed into clean glass bottles, and sterilized
with ®Co y-radiation (as needed, 15kGy). Until analysis, sam-
ples were stored in the dark at a temperature between —20 and
—30°C. Comparisons of the maximum residue limit (MRL) con-

centrations®? with the contained concentration (analyzed by the

Table 2. Comparison of reference concentrations and maximum residue limits for PT samples

Matrices (Survey year)

Pesticides

Soybean Brownrice  Husked wheat ~ Brown rice Soybean Brownrice  Husked wheat ~ Green onion
(2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019)
Chlorpyrifos 0.0116+0.0016 0.0316%0.0008
(MRLs) (0.3) (0.3)
Diazinon 0.0218+0.0014 0.0660%0.0015
(MRLs) (0.05) (0.01)
Etofenprox 0.142+0.009  0.123%+0.0047 0.236%0.008 0.163+0.004  0.273%0.011
(MRLs) 0.5) 0.5) 0.5) (0.5) (0.5)
Fenitrothion 0.0879+0.0116  0.158+0.004  0.284%+0.010 0.0986+0.0034 0.141+0.006  0.129+0.004  0.618*0.021 1.37%0.040
(MRLs) (0.05) 0.2) (1) 0.2) (0.05) 0.2) (1) (0.3)
Isoprothiolane 1.01%0.05 1.22+0.047
(MRLs) (10) (10)
Malathion 0.0513+0.0036 0.146%0.010
(MRLs) (10) (10)
Permethrin 0.0199+0.0040
(MRLs) (0.05)
Thiamethoxam 0.142+0.007 2.38£0.090
(MRLs) (0.3) @)

The values represent the reference concentrations*expanded uncertainties, and the unit of the values is mg/kg; the expanded uncertainties were
determined by using a coverage factor k=2, corresponding to a 95% confidence interval. The grayed out area means non-target pesticide for PT;
MRLs=maximum residue limits, which are stipulated in a Positive List System for Agricultural Chemical Residues in Foods introduced in May 2006
in Japan. The reference concentrations were obtained by NMIJ analysis. The MRL for diazinon in husked wheat (2014) represents the uniform limit

(0.01 mg/kg) decided by the Ministry of Health, Labour and Welfare, Japan.
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NMIJ) for each CRM and PT are also shown in Tables 1 and 2,
respectively. Based on these results, our materials for CRMs and
PT samples were prepared at adequate concentration levels be-
cause most of the contained concentrations were ca. 0.1-5 times
the MRLs, although it is difficult to prepare the exact desired
concentration owing to the influence of the weather. Therefore,
it is considered that our samples were useful for quality assur-
ance and quality control.

3. Homogeneity/stability assessments'®!3)

Between-bottle homogeneity was assessed based on ISO Guide
35" by quantifying target pesticides in two subsamples taken
from ten vials randomly selected from a total set of 80-330
bottles prepared for CRMs and/or PTs. Analysis of variance
(ANOVA) was used to analyze the differences in the measured
concentrations between the bottles. No statistically significant
differences in pesticide concentrations between bottles were ob-
served in either the CRMs or PT samples, except for permethrin
and cypermethrin in apple CRM 7510-a (The inhomogeneity of
these analytes was also evaluated by ANOVA and were reflected
in the uncertainty of the certified value). This result indicates
that the materials are sufficiently homogeneous for target pesti-
cide analysis.

For long-term stability assessment of the candidate CRM, the
concentrations were monitored on a periodic basis for about a
year before the certification, using bottles stored at a tempera-
ture between —20 and —30°C in the dark. If changes were de-
tected in the concentrations of target pesticides, the uncertain-
ties for long-term stability were included in the uncertainties of
certified values in accordance with ISO guide 35.!”) In addition,
after distribution, monitoring of the pesticide concentrations is
regularly carried out. For each PT, the stability of the target pes-
ticides was assessed before and after the analytical period by the
participants. The results of the stability assessment indicated that
the differences in concentrations were not significant.

4. Analysis for obtaining NMIJ certified values for
CRMs and reference values for PT samples*'>

To enhance the reliability of NMIJ analytical data, we participat-
ed in Comité Consultatif pour la Quantité de Matiere (CCQM)
comparisons to assess the analytical capabilities of National Me-
trology Institutes. We also conducted a collaborative study with
a Japanese PT provider, that is, the Food and Drug Safety Cen-
ter, Hatano Research Institute.?¥ From the results of these stud-
ies, we proved the accuracy of our analytical data for the analysis
of various pesticides, such as organophosphorus and pyrethroid
in foods, and ensured international conformity. For example,
one of the results of CCQM comparisons is shown in a previous
report.2¥

In most cases, analyses for providing certified values (for
CRMs) and reference values (for PT samples) were carried out
based on a modified Japanese official method. In many cases,
different extraction and clean-up procedures, GC injection
techniques, and GC columns were applied to provide the certi-

fied values (for CRMs) and reference values (for PT samples)
to avoid any bias associated with a certain analytical method.
The details of each procedure have been described in previous
papers.16-13
and a matrix-matched calibration solution. If the reference val-
ues were provided only by a modified Japanese official method,
the validation was carried out by other methods such as a solid-
phase extraction technique with the Quick, Easy, Cheap, Effec-
tive, Rugged, and Safe (modified QUEChERS, known as “STQ”
in Japan), QUEChERS methods, and other methods with IDMS.

) Pesticide quantification was performed using IDMS

5. Development of CRMs®?

5.1. Certification of CRMs

Since the preparation of samples and analysis, which are the
most common processes with PTs, are described above, the re-
maining processes and an example of certification are described
in this section.

The strategy for the development of matrix CRMs at NMIJ
has been established.?” The certified values were the weighted
means of the analytical results obtained by two or more ana-
Iytical methods for each pesticide, where 1/u; (14;: uncertainty of
the result obtained by each method) was used as the weight (an
arithmetic mean was used only for brown rice (CRM 7504-a)®
because a statistically significant difference in the concentra-
tion values of etofenprox between methods was observed. The
uncertainties of the certified values were calculated from un-
certainties due to respective factors according to the Guide to
the Expression of Uncertainty in Measurement.?® Specifically,
the uncertainties of the NMI]J certified values were estimated
from standard uncertainty due to analytical results (including
between-method variance), instability of target pesticides, and
inhomogeneity of the material.> The results of the evaluation
for individual CRMs have been reported in previous papers.®

5.2. An example of development

The certification of pesticide residues in green onion (CRM
7508-a)” is described here. The target analyte was defined by
five pesticides: cypermethrin, diazinon, etofenprox, fenitrothion,
and permethrin. Green onions used for CRM materials were
sprayed with pesticides twice at 14 and 7 days before harvest for
diazinon, fenitrothion, etofenprox, and at 10 and 3 days before
harvest for cypermethrin and permethrin. The harvested green
onions were prepared as described in Section 2. The certified
values were determined using the results obtained by three ana-
lytical methods (two methods were used for each pesticide; the
outline is shown in Fig. 1). These methods were referred to in
previous studies,”’”?® and we have partly modified them. Matrix-
matched calibration standards were used for quantification. Pes-
ticides were quantified by IDMS. The concentrations between
methods 1 and 2 or 3 were in good agreement with each other.
The certified values are the weighted means of the analytical
results obtained by the two methods for each pesticide as de-
scribed above, and they are shown in Table 1.
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Method No. 1 2 3
Target pesticides cyp.ermthrm, diazinon, etgfenprox, diazinon and fenitrothion cypermethrmj ctofenprox,
fenitrothion, and permethrin and permethrin
Extraction ‘ Homogenization ‘ ‘ Homogenization ‘ ‘ Homogenization ‘
(Solvent) (ACN) (Ace) (Ace)
\4 \4 v
Clean-up | SPE (CarbNH,) | | SPE (Silica gel) | | SPE (Florisil) |
Measurement GC/MS GC/MS GC/MS
Injection mode splitless on-column on-column
(Column) (DB-5ms) (DB-17ms) DB-35ms: etofenprox
and permethrin
DB-17ms: cypermethrin

Fig. 1. Analytical scheme for the certification of pesticides in green onion (CRM 7507-a). ACN, acetonitrile; Ace, acetone; SPE, solid phase extraction;
Carb/NH,, graphite carbon/aminopropyl silanized silica gel.

year, between 2012 and 2019), including testing laboratories,
food manufacturers, public research organizations, and analyti-

6. Implementation of PTs"!0-13

6.1. PT procedures and analytical methods used by PT cal instrument companies, participated in our PT.

participants Participants were requested to quantify target pesticides,
Test samples were sent by refrigerated transport to each partici- which could be selected by the participants (any one of the tar-
pant. A laboratory code number and information about sample
handling were delivered at the same time as a cover letter. Each
participant also electronically received a report form prepared
by the NMIJ and completed result reports were submitted elec-

tronically to the NMIJ. Many Japanese participants (33-89 per

get pesticides was allowable), with the method of their choice,
and they analyzed for target pesticides by any of the following
methods: the Japanese official multiresidue method?”; modi-
fied QUuEChERS (STQ) method®”; QuEChERS®); supercritical
fluid extraction (SFE), the official Japanese method for a specific

Fenitrothion ® Modified QUEChERS (STQ)

23 ° 4 Japanese official multiresidue
2, a " x QUEChERS
< 2
g AD ¢ SFE
= o0 a x % + x . .
g 15 eee0®®® aAB i x x X + Japanese official group and single
2 N
£ °® abA x x Others
z 10 .
8 a
) °
S o5 @ x %

.
0.0 L I T J
16 13 7 5
30 - Thiamethoxam
a x X
B 25 eeo®0e x X
= eceec?® AL x X X x X
&b ADA x X
E 20 . Al x X
g s
E 7 °
5 10
2
S 05 e
o
0.0

Number of participants

Fig. 2. Pesticide concentrations obtained by various analytical methods reported by participants in the 2019 PT. The x-axis represents the number of
participants for each analytical method. QuEChERS: Quick, Easy, Cheap, Effective, Rugged, and Safe method; STQ: SPE technique with QuEChERS; SFE:
supercritical fluid extraction; Others: original method developed by participants.
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group or pesticide?”; or an original method developed by the

participants. There were no significant differences between these
methods and the concentrations reported by participants, except
for the results obtained by SFE (for fenitrothion in the 2018 PT,
the reason for which is currently being investigated). The results
obtained by each analytical method in the 2019 PT are com-
pared in Fig. 2 as an example.

6.2. Comparison of consensus and NMIJ reference values

The NMIJ reference values (Xyyy;) were up to approximately
30% greater than the corresponding consensus values for most
pesticides. This can be mainly attributed to the different quanti-
fication methods used. Most participants used an external stan-
dard method to determine the concentration values, and the re-
covery yields of the target compounds will influence the results
if not adequately corrected for. This is distinct from the IDMS
method used by NMIJ. Compared with external or internal stan-
dard methods, IDMS generally delivers greater accuracy and
precision.>” Multiple factors, such as matrix effects and water-
soaking time, can also be considered reasons for the difference
between values.

6.3. Evaluation of analytical performances of participants

Performance was evaluated using two types of z-scores, one
based on consensus values calculated from the analytical results
reported by participants (z) and one based on reference values

obtained by the NMIJ (zyy)-
z-Scores (z) were calculated using Eq. 120212);
X -X

“7 NIQR M

where x; and X represent the results reported by each participant
and the consensus value calculated from the participants’ results,
respectively, and NIQR represents a normalized interquartile
range: 0.7413X (quartile 3-quartile 1).%%)

The zyyy was calculated using Eq. 2:

x—X NMIJ

SDy 2)

ZNMI =
where Xy represents the NMIJ reference value, and SDy, repre-
sents between-laboratory precision calculated using a modified
Horwitz equation®” and Xy The results of each z-score were
interpreted as follows?32):
z=|2|: satisfactory
|2|<z<|3|: questionable
|3|=z: unsatisfactory

As an example, the z- and zyyy;-scores in the 2017 PT, calcu-
lated using Egs. 1 and 2, are illustrated in Fig. 3. Participants can
evaluate their relative position against other participants using
z-scores; however, the participant’s z-score was influenced by the
skill of the other participants. Thus, participants are advised to
refer to the zyyy-score, which is based on the reference values

4 Etofenprox
o 3
I bl
T 3
=
i Djﬂ]ﬂ]qjﬂ]ﬂ]ﬂ]'n'nnnmuc’n“'n%”n%”aﬂaﬂ-
C 2 0 z-score
) - 1 zw-score |
-j Fenitrothion
b 3
5 2 L
E (1) TTTTTTT l:LELELELELELEL%iH_[I_Hj-L
s MmmmImUgoITITT 007 b
C 2 - I -score
; :l Zymiy-Score |
4 UL
4 Isoprothiolane
o 3
g 2
o
¢ il g,0,0,0,0, 0 hh Il H
& mmmm MOggoyITTTe®
) 2 Ll I:I Z-Score
2 i [ zuw-score |
-4

Fig. 3. Distributions of z- and zyy;-scores for each target pesticide in the 2017 PT (pesticides in brown rice). The z-scores were based on the consensus
values calculated from the participant results. The zy,y-scores were based on the reference values provided by the NMIJ.
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with IDMS provided by the NMIJ.

For those participants whose results were questionable or un-
satisfactory, the following problems were inferred from the re-
ports submitted by participants (the details are also described
in previous papers"'"!?): (1) calculation errors; (2) errors in the
unit conversion; (3) inappropriate calibration standard solu-
tions; (4) quantification at a concentration lower than the quan-
tification limit of one’s method; (5) insufficient removal of inter-
ference in the clean-up process; (6) insufficient separation in GC
or LC measurement; (7) inadequate maintenance of measure-
ment instruments, such as GC/MS or LC/MS/MS; and/or (8)
insufficient method validation.

Concluding remarks

NMIJ has developed CRMs and carried out PTs for the analy-
sis of pesticide residues in food samples. CRMs have been de-
veloped based on international management system standards
and have provided highly reliable certified values. Our CRMs
are a useful tool for the validation of analytical methods and for
quality assurance/quality control of pesticide residue analysis in
foods. PTs have been conducted that allow participants to evalu-
ate their analytical skills based on two z-scores: z and zyyy;. The
Znuy 18 effective for the evaluation of the accuracy of the analyti-
cal method used by each participant.
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