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Abstract

Determination of true values for pesticide residues in food commodities ensures the credibility of the protocol followed in an
analytical laboratory. Various proposed protocols for residue analysis fail to monitor the MRLs fixed by governmental
regulatory agencies. The central inertia behind such outcomes lies in the undefined methodology followed, where the nature of
the matrix, its way of processing, storage, and analytical approach is never well-thought-off. In the present study, for the
presence of spiked *C-labeled organophosphate pesticide Chlorpyrifos the pretreated brinjal extracts were analyzed on
Beckman’s liquid scintillation counter. This highly sensitive technique to detect minuscule loss of pesticide during sample
processing is preferred and recommended for many residue analysis laboratories. The extract obtained after sample processing
steps viz. chopping, fine blending, etc., contained the analyte and pigment. These co-extracts would not affect the analysis, as
an additional cleanup step removed them. The propensity of pesticide residues loss increments as the number of steps
increases, but the additional cleanup step to remove co-extracts did not influence the results. In the current context, diminutive
loss of radioactivity at any step is directly proportional to pesticide loss; therefore, after the conclusion of each step, the
radioactivity left in the glassware or container used was thoroughly measured and were taken into account for calculating the
final residue levels. Homogeneity, statistically denoted as sampling constant (KS value), of the analyte is another very
significant factor that entails the certainty of pesticides residues protocol. The sampling constants and combined uncertainty
with the Brinjal matrix carried almost similar values, whereas the percentage recovery and reproducibility values calculated
showed remarkable distinctions in two processing conditions.
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Introduction
Method validation for pesticide residue analysis is an

essential phase in determining the permissible limits of the
xenobiotics in food commodities (Harris et al., 2000 and
Herrman, 2000). To ensure the credibility of analysis, the
procedure applied and the statistics involved in quantifying
the pesticide residues are of utmost significance (Ellison et
al., 1998). The uncertainties caused due to numerous factors

SR=+/(55)2 + (Ssp)2 + (5,)7

in the equation, Ss denotes Variance due to sampling the
analytical portion, Ssp denotes Variance due to sample
processing, and Sa denotes Variance due to Analysis.
Suszter et al. in 2006, conceptualized another random error
(Ambrus, 2020) that causes relative uncertainty of
laboratory samples (CVya). The following equation gives

dictate the efficiency of analytical methods being followed
(Ellison and Barwick, 1998 and Ellison et al., 1998). By
deciphering the nature of the error, random or systematic
arisen while sampling or sample processing bring
possibilities to rectify them partially or completely (Ambrus
A. and, Suszter G., 2019).

Complete guidelines (Ellison and, Williams, 2012) such as
EU Reference Laboratories for Residues of Pesticides
(2006) and EURACHEM/CITAC (2000) issued by pesticide
residue monitoring governmental agencies (Thrope and
Reynolds, 1996) supports the analytical chemists (Hortwiz,
1979) to follow procedures which are universal (Visi, 2002)
and less prone to errors (Dornseiffen and Van Eck, 2000).
The overall random errors emerging during each stage of
analysis can be mathematically expressed as (‘Youden,
1967):

expression to estimate the uncertainty

CViab = (CVgp)? + (€V,4)?

in the equation, CVsp denotes random errors of sample
processing, and CVa denotes random errors of Analysis.
Further, various well-defined, less-defined, and other
undefined factors of uncertainty are required to be addressed
for obtaining suitable recoveries (Barwick and Ellison,
1999) as the reproducible results (Lantos et al., 1983).
Amongst several proposed approaches in designing the
experiments for residual pesticide recoveries the two most
accepted include the “Top-down” and “Bottom-up”
approaches (Caudros-Rodr'yguez et al., 2002). These
approaches were well-described and compared as suited for
different laboratory conditions (Stepan et al., 2004).

In a method validation research (Holland et al., 2000 and
Hoogerbugge & Zoonen, 2000), starting with the first step
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ie., pesticide treatment or spiking then sampling-out (Hill,
2000) of analytical portions (Hortwiz, 1988 and Bidaoui-El
et al., 2000), the mass transfer of matrix from one location
to another for successive phases of sample processing (da
Silva et al., 2000), till the conclusive phase of experiment
“analysis” (Hortwiz, 2000), systematic errors contribute for
false outcomes (Maestroni et al., 2000). In many instances
common interfering compounds called co-extracts,
adversely affect the detection either by showing an
enhancement or diminishing effects due to their presence
along with the analyte, in the extract (Schenck, 2000 and
Egea Gonzélez, 2002). Working with organophosphorus
pesticides, Erney et al. in 1993 discussed this effect on
chromatographic analysis. As observed by Maestroni et al.
in 2018, in brinjal the same effect was conspicuously
evident hence needed an additional cleanup step for
nullifying the false-positive results. Suggestive sample
processing procedures under differential temperature
conditions (Fussell, 2002 and Suman & Singh, 2011) could
tend to resolve the issues evolving due to degradation of the
analyte. Therefore, analyte stability is also a keystone factor
for residue analysis (Hajs"lova’et al., 1998 and Tiryaki et
al., 2008). Additionally, appropriate solvent selection for
pesticide extraction plays a significant role in the efficiency
of pesticide recovery. To reduce the usage of solvent for
extraction to the minimum it is important to consider the
polarity of the analyte pesticide (Wan and Wong, 1996).
Misappropriation at this level may lead to variability in
analytical reports (Suhre, 2000) lower residue recoveries,
and lesser reproducibilities (Aysal, 2007).

The use of radioactivity for tracing the pesticide loss during
sample processing is another sensitive means to reduce
uncertainties and variability in residue analysis (Caron and
Benz, 2002) as a minimal amount of radiolabeled pesticide
can be detected. Radioactive “C-labeled pesticides are used
in many instances for method validation studies. For testing
the efficiency of sample processing and determining the
uncertainties arising due to the same Maestroni et al. in
2000, used *C-Chlorpyrifos. The organophosphate pesticide
14C-Chlorpyrifos was also used to estimate the uncertainties
in the residue analysis procedure on Cucumber and
Tomatoes (Tiryaki & Baysoyu, 2008 and Tiryaki et al.,
2009).

Materials and Methods

Chemicals: “C-Chlorpyrifos (IAEA), solvents: Acetone
and Analytical grade Ethyl acetate (Merck), Sodium
hydrogen carbonate (NaHCOs3), Sodium sulfate (Na2SOs),
Cocktail for Liquid scintillation counting (Hydroflour,
National Diagnostics; Atlanta; Georgia) and Dry Ice.

Equipment: Chopper available in Laboratory, Warring
blender with steel blades (Make: Khera Instruments),
Homogenizer Machine, Refrigerated Centrifuge (Make:
Sigma), Beckman’s Liquid Scintillation counter, Weighing
balance (Top load), -80 °C deep freezer, hot water bath
(available in the laboratory).

Glasswares required: Centrifuge tubes (50 mL & 250 mL);
Borosilicate glass beaker (500 ml & 1L thick-walled);
Measuring cylinders (10 mL & 100mL); Laboratory
thermometer; Scintillation vials; Hamilton’s micro syringe
(500 ul); spoon/ spatula; aluminium foil; pipette (1 mL);
Whatman’s filter papers (8 cm diameter), separating funnel
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for liquid-liquid extraction cleanup step to remove co-
extracts from brinjal extracts.

Preparation of the spiking solution

In a pre-weighed scintillation vial, solvent acetone was
taken and dissolved C-chlorpyriphos (with specific
activity = 26.8 mCi/ mmol) having radioactivity equal to 1
MCi. To access the amount of radioactivity left in the
scintillation vial, the vial used for preparing the spiking
solution was also used for radioactivity measurement after
the spiking is over

Treating the Brinjal units with *C-chlorpyriphos

Brinjal units were washed and 1.5 kg weighed units were
cut longitudinally into equal halves. These units with their
cut surface facing downward were placed on a clean
aluminum foil. With the help of Hamilton’s microsyringe,
the spiking solution so prepared was applied over the peel
area of brinjal units and left aside, undisturbed. Surface run-
off (solution could not be absorbed on brinjal units) spiking
solution from aluminum foil was then collected in a separate
scintillation vial for radioactivity measurement, as that too is
residue loss.

Processing of Brinjal matrix under different
temperature conditions

In the first step of matrix processing, the spiked Brinjal units
were chopped continuously for 6-7 minutes in a laboratory
chopper by giving 1-minute pauses in-between the runs of
the chopper. At this step, the homogeneity of the matrix was
ensured by monitoring the peel size of chopped brinjal units
and concomitants mixing the processing matrix with a
spatula.

Subsequently, in the second step matrix processing, 400g of
chopped units and 20 mL of double distilled water were
added to a warring blender wherewith its steel blades
grinding was carried for 3 minutes. Again the peel size of
the brinjal was checked. This was the sample processing for
brinjal units under ambient conditions.

During cryogenic processing, that is sample processing
under low-temperature conditions instead of adding water,
dry ice was added during both the first and second step of
matrix processing. Only the required amount of dry ice
(measured) was added into the warring blender to obtain a
free-flow processed analytical portion of brinjal. The peel
size of brinjal was also monitored in both the processing
steps during the above-mentioned cryogenic milling.

Sampling out of the analytical portions

For sampling out different analytical portions of processed
brinjal matrix, 250 mL thick-walled centrifuge tubes and 1L
beakers were taken. The 15g and 150g processed analytical
portions were withdrawn from the first step sample
processing container that is from the laboratory chopper
whereas the 5g and 50g analytical portions were withdrawn
from the warring blender that from matrix processed with
the second step grinding procedure.

Pesticide residues extraction procedure

For the extraction of the analyte, “C-chlorpyrifos Sodium
bicarbonate was used. The sampled out different analytical
portions were added with sodium bicarbonate. The
extraction salt was taken in the ratio of 6:1 i.e., for 5g, 15,
50g, and 150g analytical portion, 0.83g, 8.33g, 2.5¢, and
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25g, sodium bicarbonate was taken. The mixture was then
warmed on a hot water bath at 27°C, constantly stirred
spatula. Extraction solvent ethyl acetate was added to the
salt and matrix mixture in the ratio of 2:1. Sodium sulfate
was then added to each analytical portion in the ratio of 1:1
w/w. Each analytical portion was homogenized with a
normal laboratory homogenizer, and covered with
aluminum foil. The 5g and 15g analytical portions were
homogenized for 1-2 minutes and later centrifuged at 2500
rom for 10 minutes. The 50g and 1509 were never
homogenized on the machine rather were kept undisturbed.
Then 1 mL of supernatant of all the analytical portion
extracts containing “C-Chlorpyrifos was collected in
scintillation vials for scintillation counting.

Liquid-liquid partitioning of the brinjal extract as a
cleanup step to remove the co-extracts:

This is an additional cleanup step followed to remove the
co-extracts like pigments, etc.,, which may affect
scintillation counting efficiency. The solvent used for
analyte extraction was non-polar (ethyl acetate) so the
liquid-liquid extraction was done by using distilled water
(polar). An equal amount to solvent ethyl acetate and
distilled water was taken in a separating funnel and liquid-
liquid partitioning was carried out thrice until the pigment
(green colored) containing extract becomes a clear solution.
Radioactivity count in the distilled water used for liquid-
liquid extraction was also done to ensure (if any) loss of
pesticide residues in the cleanup step, as such no
radioactivity was detected in the said distilled water.

Measurement of radioactivity on liquid scintillation
counter:

All the scintillation vials intended to measure the
radioactivity were added with 19 mL of scintillation
cocktail. These vials were gently vortexed and taken to
Beckman’s Liquid Scintillation counter for the radioactivity
measurement. Quench correction was done during
scintillation counting to overcome the effect of co-extracts
(Pujol and Sanchez-Cabeza, 1997).

Results and Discussion

The quadratic factors introduced by Maestroni et al. in 2018
include conditions applied during the conduct of
experiments such as the speed of centrifugation, extent of
shaking & agitation, etc. all were taken into consideration.
In the present case of study food matrix brinjal processed in
two different temperature conditions i.e.,, ambient and
cryogenic showed high percentage recoveries of analyte
pesticide and reproducibilities. For the solid-phase
extraction in ethyl acetate solvent, the salts sodium
hydrogen carbonate and sodium sulfate were used (Viana,
1996).

Special statistical software was procured for complex
calculations based on well-defined algorithms (Meier, &
Zund, 1993 and Miller, & Miller, 2000) suitable to easily
the determination of uncertainty and variability about
pesticide residue analysis.

Ks or the sampling Constant is concerned with the amount
that is withdrawn from a homogenous sample of analyte and
the matrix (Ambrus et al., 1996). It refers to the product of
the weight of the analytical portion withdrawn from the
homogenously processed matrix (W) and square of the
coefficient of variance in sample processing i.e., the relative
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uncertainty of sample processing (CVsp).

The degree or extent of extraction of residual pesticides is
governed by the homogeneity of the processed matrix. It is
assumed that both, smaller analytical portion and the larger
analytical portion were equally homogenized therefore, they
are compared.

Kssm) = Ks wLe)

Ks (sm), denotes the sampling constant for small portion size
of the processed matrix.

Ks (Le), denotes the sampling constant for large portion size
of the processed matrix.

Since R denotes the average residue concentration (R) of the
small and large analytical portion is the same Hence in the
expression for Ks, the value CV?sp can be substituted by S?.
Deducing the value of Ks sm) and Ks g from above
expression,

For small analytical portion, Ks sm) = Wsm % S%sm

For larger analytical portion, Ks wg)= Wic x S%c

It implies that:

S2L6 X Wig =S%m X Wsm

Therefore,

- Wig
Shie= 8l x ——
Wsnm

. w
VspLe) = Vsp sap ¥ %
LG 2

For checking the homogeneity of chpping F-test was applied
to compare the variance of sample processing of large
versus small analytical portions.

The average recovery (denoted as R) of each analytical
portion was analyzed after extraction and then calculated the
value of Va (denotes the average of variance of each sub-
sample taken in the vial) and Vr (denotes the average
variance of each sub-sample of each analytical portion).
Further, one tail F-testo s Was applied to

Vr
Fake.= .1
Calc. Va

When Feaic> Frab,

It implies that, V1 >>Va

Then Vsp (Variance of sample processing) = V1-Va

And CVa (Coefficient of Variance of sample processing) =
V (Vsp)/R

Where CVa % signifies the reproducibility percent of the
sample processing.

To verify the homogeneity of both the chopper and warring
blender, two tail Fo 1 tests were applied.

Fotest = V6 5 Wseic

w w i
M SP SM (From Equation 2)

Frab.(0.1,4,4=6.39

When Fcaic. <Frap, it implies that the sample is well mixed,
then sampling constant for each process i.e. Ksl and Ks2
were calculated. Values of CVi?> and CV.? can be
calculatedwith the help of the computed values of Ksl1 and
Ks2 respectively, by using the following formula:
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Ksl
Cvii= 25—

Wwe
Cv2=Xs2

w

4

Where CV:? denotes, Coefficient of Variance for chopping.
CV-? denotes, Coefficient of Variance for blending.

Wwe denotes, Weight of the chopped sample transferred to
the warring blender.

Wa denotes, Weight of the analytical portion taken for the
analysis.

By summing up the Combined Uncertainty during sample
processing:

CVomb, 5= | walﬂ + ’I‘V—: OR /(CV)? + (CV,)?

Recovery studies of “C labeled Chlorpyriphos:

Figure 1 graph represents the trends of percentage recovery
for the brinjal matrix processed at two temperature
conditions. The figure and the table show the percentage
recovery of each analytical portion, both in ambient and
cryogenic processing. Analytical portions 15g and 150g
showed high recovery percentages, i.e., 52.11% and 51.78%
in ambient and 44.46% and 52.06% in dry ice conditions.
On the other hand, analytical portions 5g and 50g showed
recovery of 36.37% in ambient and 31.26% with dry ice.
The 5g and 50g analytical portions recovered analyte
pesticide, 36.61% under ambient and 31.77% in dry ice
condition.

60 -

50 4 &

:\? 40 4 - 1 - —+—Brinjal Ambient
>
g 07 ] 1 —=—Brinjal Dry Ice
8 -
&
10 -
0
59 15g 50g 150g
——Brinjal Ambient 3637 5211 3661 5178

—=—Brinjal Drylce = 3126 44 46 3177 52.06

Analytical portions

Fig 1: Comparison between Analytical portions and Percentage
recovery of 1C- Chlorpyriphos of Brinjal matrix (with respective
standard error) processed under two different temperature
conditions.

Percentage Reproducibility

As shown in Figure 2, the reproducibility varied
differentially in different analytical portions of the brinjal
matrix processed under diverse temperature conditions. The
highest reproducibility percentage, 7.8, was obtained from
150g, and the least one is 3.3 from 50g analytical portion
processed under ambient environment. The trends found
were quite staggered. Further, in 15g analytical portions
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processed with dry ice, the reproducibility was 6.4%, which
is better than the other analytical portions where the sample
was either processed in ambient or cryogenic temperature.
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* sg 15g 50g | 150g
Analytical portions
OBrinjal Ambient 4.8 3.8 3.3 7.8
Brinjal Dry Ice 5.1 6.4 4.2 4.7

Fig 2: Comparison between Analytical portions and Percentage
reproducibility of 14C- Chlorpyriphos of Brinjal matrix (with
respective standard error) processed under two different
temperature conditions.

Homogeneity in sample processing and determination of
Combined Uncertainty

The values of Ks (Sampling constant) and combined
uncertainty (CV coms. sp%) are related to each other as
homogeneity of the analyte in the matrix, and uncertainty or
variability arising due to various error forms mentioned
earlier affects both these parameters equally and
simultaneously. The graph shown in Figures 3 and 4
signifies that the homogeneity of chlorpyrifos with brinjal
matrix under processing remained the same in both the
phases of sample processing. The step involving chopping
and grinding in the warring blender did not show variations
in their sampling constants or their coefficient of variance
during sample processing. Therefore the values of Ksl and
Ks2 obtained were almost the same. It implies that similar
values for CVsp % are also the same in both the set of
temperature conditions selected for sample processing.
These findings were unique as generally while working with
biological systems, such coinciding values obtained seldom.
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Fig 3: Comparison of sampling constant of Brinjal at
different temperature conditions, obtained after two step
sample processing.
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Fig 4: Comparison of combined uncertainty with Brinjal during
their sample processing conditions, obtained after two step sample
processing.

Conclusion

The maintenance of reproducibility in pesticide residue
analysis is indispensable to monitor the repeatability of an
experiment and precision in the results. As they account for
the origin of uncertainty, both these parameters are tested
stringently for residue levels variability in their analysis.
Therefore, an approach that consistently yields reproducible
results is mandatory for the standardization of protocols.
The use of radiolabeled analyte brings sensitivity to
analytical methods; hence is crucial for method validation.
An ideal method recommended for pesticide residue
analysis should characteristically have the least number of
steps, take care while handling large sample size, reduce
loss & degradation of analyte during sample processing, and
be minimally affected due to environmental conditions. A
state-of-the-art technique that could unambiguously provide
solutions to the problems arising in pesticide residues
studies is required.
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