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RESUMO

Neste artigo, é relatado um estudo sobre o desenvolvimento de material de referéncia (RM) para a-
endossulfan e bifentrina no cha preto como matriz. O estudo foi conduzido com base no facto de que tais RMs
ndo estavam actualmente disponiveis na Indonésia. Para obter um bom e adequado RM, um estudo de
viabilidade e desenvolvimento de RM é extremamente necessario. O RM foi primeiramente preparado por
moagem da folha de cha para ter um tamanho de particula de cerca de 150-106 ym e um teor de agua de
cerca de 5,99%. Uma pequena porcédo da folha de ché triturada foi entdo cravada com solugdo de hexano
contendo ambos os analitos alvo a certas concentragdes, seguida por uma secagem apropriada para obter o
candidato inicial de RM (iCRM). O iCRM foi entdo bem misturado apropriadamente com outra por¢do de
material de cha moido nao cravado para obter o candidato do pé de material de referéncia final (fCRM). Uma
cromatografia gasosa equipada com detector de captura de elétrons foi utilizada para a identificacdo de
analitos e a viabilidade do método foi avaliada em termos de técnica de espicula e processo de
homogeneizagéo. A avaliagdo por ANOVA mostrou que o fCRM foi estatisticamente considerado homogéneo e
apresentou fracao de massa de a-endossulfan e bifentrina + U de 380,32 (+ 120,32) ng g-1 e 522,74 (+ 148,65)
ng g-1, respectivamente .

Palavras-chave: Material de referéncia, a-endossulfan, Bifentrina, Cha, Spiking

ABSTRACT

In this paper, a study on development of reference material (RM) for a-endosulfan and bifenthrin in
black tea as a matrix is reported. The study was conducted on the basis that such RMs was presently not
available in Indonesia. To obtain a good and proper RM, a feasibility study of RM development is extremely
required. The RM was firstly prepared by grinding the tea leaf to have particle size of about 150-106 ym and
water content of about 5.99%. A small portion of the grinded tea leaf was then spiked with hexane solution
containing both target analytes at certain concentrations, followed by a proper drying to obtain initial candidate
of RM (iCRM). The iCRM was then well-mixed properly with another portion of non-spiked grinded tea material
to get final candidate reference material (fCRM) powder. A gas chromatography equipped with electron capture
detector was used for analyte identification and the feasibility of the method was evaluated in term of spiking
technique and homogenization process. The evaluation by ANOVA showed that fCRM was statistically
considered to be homogeneous and having a-endosulfan and bifentrin mass fraction + U of 380.32 (+120.32) ng
g”' and 522.74 (+148.65) ng g in dry weight basis, respectively.
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INTRODUCTION

Pesticide is widely applied in tea
plantation area to protect the plant from the
pests. Nonetheless, the pesticide residues in tea
products then become an important issue in
world tea trade. Various quality standards or
regulations concerning the quality of tea products
have been set and applied in both national and
international level to keep the quality and safety
of the tea product, as well as to set the selling
price. The maximum residue limit (MRL) value of
pesticide in tea is one of the parameters which is
defined in quality standards. It is intended to
protect the tea’s consumers from the harm of any
pesticide residues. In Indonesia, the MRL values
for some pesticides residues in tea has been
regulated as described in the National Standard
of Indonesia (SNI) (SNI, 2008).

In the area of pesticide residues testing,
the accuracy of a measurement is an important
parameter. The accurate results could keep the
quality of the tea products, which further protect
human from exposure to harmful pesticide
residues. Practically, however, some difficulties
related to the pesticide residues analysis in tea
products have been found because some
residues may present up to sub-ppm levels while
matrix being analyzed was very complex. In this
regards, it was experimentally evident from an
international proficiency  testing program
organized by Asia Pasific Metrology Programme
(APMP), by which our lab has taken a part. From
the result of PT evaluation, it was found that the
consensus value of the participant’s data was not
good enough (Dayarathna et al., 2013), implying
that the complexity of the sample matrix could be
the most possible reason for the unexpected
results.

High accuracy and comparability of
chemical measurement results are of very
important for a fair and society protection action
and those can be achieved when aspects of
quality control or quality assurance (QC/QA)
system for testing laboratory are fulfilled (Robert,
2007; Franz, 2006). Certified reference material
(CRM) is one of QC/QA aspect that contribute to
the reliability and comparability measurement
result between testing laboratories.

Reference material (RM) is defined as
“‘material or substance one or more of whose
property values are sufficiently homogenous and

well established to be used for the calibration of
an apparatus, the assessment of a measurement
method, or for assigning values to materials”.
While CRM is defined as “Reference materials,
accompanied by a certificate, which has one or
more properties whose value is certified by a
procedure that establishes traceability to the
accurate realisation of the unit in which the
values of the properties are expressed, and for
which each certified value is accompanied by a
stated uncertainty with a given level of
confidence” (ISO Guide 30, 1992; ISO, 1993).
Traceability itself as currently defined according
to VIM is a "property of the result of a
measurement or the value of a standard whereby
it can be related to stated references, usually
national or international standards, through an
unbroken chain of comparisons all having stated
uncertainties". Traceable measurement results,
accompanied with their associated measurement
uncertainty, form the most solid basis for
comparability of results at national or international
level. Realize the importance of reference
material (RM) for testing laboratories and the lack
of matrix RM containing pesticide in Indonesia,
the feasibility study for the development of
reference material for pesticide in black tea
matrix has been conducted to address the needs.

Based on ISO Guide 35, there are several
steps have to be carefully carried out on the
preparation of the CRM. The major steps are
selection of raw material, feasibility studies, short
and long term stability study, characterization of
the candidate RM with respect to the targeted
properties, assignment of the certified values and
their uncertainty, drafting a certificate and
certification report and reviewing of the project
results and approval of the certification
documents (ISO Guide 35, 2006; Hendrik et al.,
2006). In this regards, several studies have been
previously reported for the preparation of
pesticide reference materials in food matrix such
as cucumber and cabbage (Susana et al., 2015;
Seonghee et al., 2011). Taking into account the
important such feasibility study, in this works, the
evaluation were focused on the spiking
techniques and homogeneity for the preparation
of reference materials for pesticides (o-
endosulfan and bifenthrin) in black tea matrix.
Practically, to obtain a sufficient homogenous
solid material containing target analytes by using
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a spiking technique is quite difficult. In this
regrads, the way how to spike the target analyte
into solid material and the technique of the
homogenization process need to be optimized.
Once the optimized procedure for spiking and
homogenization technique obtained, then it can
be applied for the preparation of the reference
material.

MATERIAL AND METHODS
2.1 Materials

The pesticide standards used were o-
endosulfan (NMIA, Australia, >99% purity) and
bifenthrin (Chem. Service West Chester, USA, >
99.1% purity). The organic solvents used in
preparation of standard solutions and sample
preparation were obtained from Merck, Germany
including acetone (Suprasolve), diethyl ether (p.a
grade), and n-hexane (EMSURE for analysis).
Florisil (Merck, Germany) with particle size of
0.150-0.250 mm and pH 9-10 was used as
sorbent in clean up procedure. Florisil was firstly
activated in an oven at 130°C for 18 hours before
used. Sodium sulfate anhydrous was used as
drying agent. The black tea used as sample
matrix was obtained from traditional market in
Indonesia. Helium (Ultra High Purity) and
Nitrogen (High Purity) were used as carrier gas
and make up gas in GC-yeECD system,
respectively.

2.2 Instrumentation

Gas chromatography equipped with
electron capture detector (GC-ECD, Hewlett
Packard 6890) was wused for pesticides
measurement. The separation of pesticides
component was conducted on a DB-5 capillary
column (30 m x 0.25 mm |.D.x 0.25 pm). The
helium gas carrier gas was used with flow rate of
1 mbL/min. The injector port and detector
temperature were kept at 250 and 300°C,
respectively. The oven temperature was
programmed from 120°C for 1 min and was then
followed by 25°C/min ramping to 250°C and held
for 5 min before ramped up to 300°C (5°C/min)
and held at this level for 2 min. Splitless injection
mode with splitless time 0.75 min was applied.
Nitrogen gas (high purity grade) at 60 mL/min of
flow rate was used as make up gas.

2.3 Procedure of processing material
2.3.1 Matrix preparation

The black tea used as matrix in this
feasibility study was bought from traditional
market. A series of powdered black tea with
different in particle size were obtained by grinding
the black tea sample followed by sieving with
different size of siever including 250, 150, 106,
and 45 ym.

2.3.2 Preparation of pesticide standard solution

Approximately 65 ml of a n-hexane
solution containing both 0.375 mg a-endosulfan
and 0.597 mg bifenthrin  was prepared and then
was used for spiking 1 kg of black tea. The high
precision balances were calibrated before use by
using international traceable standards.

2.3.3 Spiking, homogenization, and storage

A certain amount (50 g) of powdered
black tea was taken from 1 kg stock followed by
soaking in 65 ml of pesticide standard solution.
The solvent was then evaporated untill initial dry
spiked black tea was obtained (denoted as
iICRM). The iCRM was mixed with another 50 g of
unspiked powdered black tea, giving 100 g of
spiked black tea. After that, the 100 g of spiked
black was then mixed with another 100 g of
unspiked black tea to get 200 g of homogenous
spiked black tea. A similar procedure was
continuously applied so that 1 Kg of final candidat
spiked black tea was obtained (denoted as
fCRM). Furthermore, the fCRM was manually
homogenized. The total homogenization process
took about 10 h. This fCRM was then divided into
50 portion with 20 £ 1 g for each and all were
packed to get 50 amber bottles. All these amber
bottles were labeled and sequently numbered.
The packed fCRM were then stored in the freezer
at temperature of -15°C, before used for analysis.

2.4 Analytical method for Characterization

A validated pesticide residue test method
was used for analysis and homogeneity testing.
The analytical method used in this study was
adapted from Styarini, et.al.,, 2014 with slightly
modification in the extraction procedure.
Typically, a certain amount (2 g) of spiked black
tea sample containing target pesticide residues
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was transferred into an Erlenmeyer and then
extracted using 60 ml of acetone/n-hexane (by
mixing 20 ml of acetone with 40 ml of n-hexane).
After overnight maseration at room temperature,
the mixture was centrifuged to separate the
filtrate and tea sample. The filtrate obtained was
evaporated using evaporation flask until near to
dryness. The residue obtained was subjected to a
clean-up procedure by dissolving such residue
into n-hexane and the solution was then pour into
activated florisil column. The pesticide residues in
the florisil column were eluted by 100 ml of
mixture of n-hexane/diethyl ether (85/15) (v/v)
and the eluate was collected into a conical
evaporating flask and then concentrated under
vacuum condition untill near to dryness. The
residue was then re-dissolved in approximately 1
ml of n-hexane as final solution. A quantitative
analysis of both a-endosulfan and bifenthrin
residues was done by injecting 2 ul of final
solution to the GC-yECD. An external calibration
method was applied for the quantitation.

2.5 Homogeneity study

In this study, 8 bottles were randomly
picked and used in the homogeneity study. The
analysis of those 8 samples was done in
triplicate. The sample homogeneity was
statistically evaluated using ANOVA technique.

RESULT AND DISCUSSION
3.1 Preparation of black tea as a matrix

Figure 1 shows five groups of particle size
distribution of the black tea used as matrices in
this study. It can be seen from Fig. 1, the most
abundant particle size obtained was between 45
— 106 pm.
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Figure 1. The distribution of particle size
of black tea as matrix (for interpretation of the
references to color in the figure, the reader is

referred to the web version of the articles).

The sieveing process was conducted to obtain
the homogenous particle size of the tea material
after grinded. It would be expected that the
preparation of material from a homogenous
particle size could be easier than other no
homogenous materials. In this study, the tea
powder having particle size between 106 and 150
pm was choosen as material for preparing
candidate of RM.

The water content of the tea matrix is an
important factor to be characterized. High water
content of tea matrix may increase the risk of
inhomogeneity due to the matrix can be
coagulated easily. The water content of the tea
material was determined by gravimetric method
(a common drying method) using oven at 105°C.
The value of CRM is normally certified in dry
mass fraction basis, showing that the moisture
content (in dry mass fraction) of a candidate RM
is critically important to be used in the calculation
of the value of the target analytes (Siegfrid, K. et
al., 2000). For water content determination, the
quantitative analysis were performed in 7
replicate. It was found that the average of water
content of the black tea material was 5.99 %,
indicating that the black tea material was dry
enough. Generally speaking, characteristic of the
tea material used in this study with uniform in
particle size and low water content indicated that
a high level of homogeneity of candidate RM has
been achieved.
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3.2 Method of Quantification and validation

It has been well recognized that the tea
matrix is very complex material containing
pigments such as chlorofill and carotenoid, as
well as flavor compounds, polifenol and cafein.
All these substances may become interference
during GC quantitation. It has been previously
reported that the black tea matrix is more
complex than the green tea due to its higher
content of volatile compounds (Juniaty, 2013;
Sussane, 2014). Nonetheless, the selective
extraction method and clean up procedure can
minimize such possible interferences. Besides,
the operational condition of the GC system is also
important for achieving an accurate result of
analysis. In respect to a-endosulfan and bifentrin,
the validation results indicated that the analytical
method using GC-YECD can separate those two
target analytes very well. As shown in Figure 2,
the retention time of a-endosulfan and bifenthrin
were found to be 8.66 and 11.71 min,
respectively.

Moreover, the method used was also
found to be good in term of its recovery and
precision. The recovery values for a-endosulfan
and bifenthrin were found to be 77.34 and 96.18
%, while the precision values (% RSD) were
found to be 17.60 and 16.09 %, for the a-
endosulfan and bifenthrin, respectively.
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Figure 2. Chromatogram of a-endosulfan and
bifenthrin in tea matrix

For quantitation of the mass fraction of a-
endosulfan and bifenthrin the Equation 1 was
used,

:Cx'Wl'Wz 1 % 1
W,-W, W, 1-M Rec

(Eq.1)

where X is the mass fraction of analyte, Cx was
the concentration of the analyte in the extract
injected to the GC system derived from
calibration curve. The W,, W,, W3 and W are the
mass of solution after addition of 10 ml of n-
hexane, the mass of solution taken for clean-up
procedure, the mass of final solution in 1 ml of 1
ml of n-hexane, and the mass of tea sample used
in the analysis, respectively. M and Rec are the
water content and the recovery, respectively, and
both were used as the correction factor.

3.3 Spiking

In this feasibility study, the spiking
technique was used in preparing the candidate
RM. According to ISO Guide 35, a major problem
with spiking is the achievement of sufficient
homogeneity and stability of the candidate RM. In
a word, a sufficient homogeneity and stability of a
candidate RM can be achieved by applying a
proper spiking method (ISO Guide 35, 2006).
Based on ISO Guide 35, the most suitable
spiking method for a solid material is an incipient
wetness’ technique. In this regards, the
component to be spiked is dissolved in a suitable
amount of solvent where the volume of solvent
used is only sufficient to completely wet the
surface of the solid. In this study, two kinds of
solvents, n-hexane and acetone were used for
soaking the tea material in the pesticide
standards solution. These two solvents were
choosen because the target analytes can be well-
dissolved in both solvents and the results were
then compared. In this study, optimization of the
solvent volume (ml) was firstly conducted. An
optimum of solvent volume is the volume needed
to soak about 50 g of tea material perfectly. Two
portions of 50 g of tea materials were soaked in
acetone and n-hexane, respectively. After a few
time idle, the solvent was then evaporated. From
Fig. 3, it can be seen that the wall of the
evaporating flask for soaking the tea material with
acetone was covered by strong green crust color
which is characteristic for the matrix of tea, while
weak green crust was observed in the wall of the
evaporating flask used for soaking the tea
material with n-hexane. From this finding, the non
polar solvent, n-hexane was used for further for
dissolving the standards of a-endosulfan and
bifenthrin. The n-hexane solution containing the
pesticide standards was used to soak the black
tea material.
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Figure 3. The evaporation results after
tea material soaking with A) acetone
and B) n-hexane (for interpretation of the
references to color in the figure, the reader is
referred to the web version of the articles).

In this study, at about 65 ml of pesticide
standard solution in n-hexane was needed to wet
all surface of about 50 g of the black tea material.
Theoretically, 50 g of spiked black tea will contain
approximately 7890 ng g and 12704 ng g of a-
endosulfan and bifenthrin respectively. After
evaporation of the n-hexane at 600 mbar and
40°C, a dry spiked tea sample, so called as initial
Candidate Reference Material (iICRM), was
achieved. The iCRM was analyzed using the GC-
MECD in duplicate to check the concentration of

gradually transferred into evaporation flask
containing iCRM. The rotating process was
continued untill the unspike black tea was totally
mixed with the iCRM. and then the final
Candidate Reference Material (fCRM) was
obtained. After homogenization for 10 hours, the
fCRM was analyzed in ftriplicate to check its
homogenity property.

The analysis results showed that the
average value for both target analytes in the
fCRM (Table 2) were close to the theoretical
values. The theoretical values for a-endosulfan
and bifenthrin were found to be about 375 ng g
and 597 ng g', respectively. However, high
values of measurement repeatability for both
target analyte (Table 2) were still observed. The
analysis result implies that the homogenization
process was found to be good enough. However,
an additional homogenization process was still
required needed to increase the homogeneity of
the fCRM. Therefore, the additional
homogenization was carried out for about 1 hour.
Finally, the homogenized fCRM was packed by
transferring a certain amount (20 + 1 g) into a
capped amber bottle. For study purpose, a fifty
capped amber  bottles  containing the
homogenized fCRM were prepared for this study.

Table 2. Analysis result of f{CRM before packed
in to the bottles

the target analytes in iCRM. The result showed

that the average concentration for a-endosulfan Compound  Mass Theoretical
and bifenthrin were considered to close to the fraction value in
theoretical value as shown in Table 1. Hence, it ] o
can be concluded that the value obtained from in sd 7RSD fCRM
GC-EC_D analysis was comparable to that of fCRM? (ng g™
theoretical value. p
(ng g)
a- 494.36 95.87 19.39 375
Table 1. Analysis result of iCRM
Compound Mass fraction in Theoretical _ endosulfan
Bifentrin 602.52 100.9 16.75 597
iICRM? value in iCRM 5
(ng g™ (ng g™ a: Number of replicate was 3
o- 6080.81 7890
endosulfan 3.4 Homogeneity study
Bifentrin 10564.24 12704

Moreover, to increase the homogeneity,
the iICRM was poured into evaporation flask
followed by rotating at rotary evaporator for 6
hours at room temperature and room pressure,
Afterwards, 950 g unspiked black tea was

As mentioned above, homogeneity and
stability are crusial factor in CRM preparation. For
the homogeneity study of fCRM, 8 amber bottles
containing fCRM prepared above were randomly
taken and analysed in ftriplicate. The results of
GC-uECD analysis were statistically evaluated
using Analysis of variance (ANOVA). It was
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statistically found that the F.: value at 95%
confidence level for a-endosulfan and bifenthrin
were 2.66 for both, while the Fcacuated Value were
found to be 0.32 and 1.75 for a-endosulfan and
bifenthrin  respectively. By comparison, the
Feacuated Value for both target analyte were smaller
than that of the Fgi value (Fcacuaed < Forit),
indicating that there was no significant difference
among these 8 the different bottles. Hence, the
materials is considered as  sufficiently
homogenous at confidence level of 95%. The
analysis result of the homogeneity test both for a-
endosulfan and bifenthrin are presented in Fig. 4.
In addition, the average of mass fraction values
obtained from the triplicates analysis of 8 different
units of bottle for a-endosulfan and bifenthrin
were found to be 380.32 and 522.74 ng g,
respectively.
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Figure 4. The analysis result of homogeneity test
for A) a-endosulfan and B) Bifenthrin

3.5 Estimation of Uncertainty

The uncertainty value of the measurement
(Umeasure) Was calculated by using bottom-up
approach as described in Eurachem

(Eurachem/Citac Guide, 2012). The uncertainty
sources of the measurement result (Table 3)
were derived from the components in the
calculation equation (Eq. 1). Figure 5 presents
the average values obtained from triplicate
analysis of each bottles and their uncertainty for
both a-endosulfan and bifenthrin. Moreover,
standard uncertainty for the characterisation
process (Usar) for a-endosulfan and bifenthrin
were found to be 48.72 ng g”' and 64.63 ng g”',
respectively.

Table 3. The sources of uncertainty of the
measurement result for calculating Uchar

Symbol Source of uncertainty Unit
X Concentration of analyte  ng/g
in the sample (dry base)
Cx Concentration of analyte  ng/g
in the final solution
injected to GC (from
calibration curve)
Cmiase  Middle standard solution  ng/g
in the calibration curve
Wi The mass of solution g
after addition of 10 mL of
n-hexane
W, The mass of solution g
taken for clean up
procedure(3 mL)
W, The mass of final g
solution in 1 mL of n-
hexane
W, The mass of tea sample g
used in the analysis
Rec  Recovery of the method %
M Water content of the %
sample
Repx  Presision of the method -

ISO Guide 34 requires that in assigning
the uncertainties for the property values of
interest, any uncertainties resulting from between
unit variations and/or from possible instabilities
(both during storage and during transportation)
shall be included (ISO Guide 34, 2000). It means
that the uncertainty of the CRM not only from the
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batch characterisation (Usa), but also from
possible between bottle variation (uw), instability
upon long term storage (us) and instability during
transport to the customer (uss) (Thomas, P.J.L.,
et al., 2001). For the Uca, the source of
uncertainty is originated from the components in
the measurement. The calculation results showed
that the average concentration and the ugnr Of
both a-endosulfan and bifenthrin for each unit
bottle analyzed were overlap one to another, as
shown in Figure 5.

Moreover, the standard uncertainty
originated from between bottle variation (uw,) was
calculated by using equation 2 and 3.

_ MS between MS within
Upp= n

replicatesperunit

(Eq. 2)

From the calculation, it was found that the value
of uw for bifenthrin was 36.67 ng g-1. For a-
endosulfan, the value of MSyeween Was smaller
than MS.inn, When MSpeween iS equal or smaller
then MS.inin, then for the alternative, ubb’ can be
estimated by using Eq. 3, where n is number of
replicate and df is degrees of freedom of MSitin.

I MS il 2
Upp = " d_f

800

(Eq. 3)
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Figure 5. The average concentration of a-
endosulfan and bifenthrin accompanied with the
Ucnar values for both analytes in each unit bottles

analyzed in the homogeneity test

The uw value for a-endosulfan obtained
from the calculation by using Eq. 3 was found to
be 35.3 ng g'. The expanded uncertainty (U)
value generated from the characterization and
the homogeneity at coverage factor (k) of 2 was
then calculated using the following equation:

=2 +
v \/ucharz . (Eq. 4)

The Uear and uw for a-endosulfan and
bifenthrin were about 12%, while the relative
expanded uncertainty (U) for both target analytes
were found to be about 30%. These results are
summarized in Table 4.

Table 4. Summarize of mass fraction, expanded
uncertainty of the fCRM, and relative uncertainty
of characterization (Usa) @and homogenity (Up).

a-Endosulfan  Bifethrin
Mass fraction 380.32 522.74
(ngg”)
Expanded 120.32 148.65
uncertainty
(U)(ngg")
Relative U (%) 31.64 28.44
Uchar (0/0) 1281 1236
Ups (%) 9.28 7.02
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