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The homogeneity of analytical samples and the stability of pesticides during the sample processing
of oranges and tomatoes were evaluated. The mean concentrations of **C-labeled chlorpyrifos in
analytical portions (subsamples) after processing show that homogeneity is dependent on sample
type as well as the processing procedure. The homogeneity of analytical samples of tomatoes
processed cryogenically was much better than those processed at ambient temperature. For tomatoes,
the minimum analytical portion masses required for between-analytical portion variation of <0.3 Ho
were 110 and 5 g for processing at ambient and cryogenic temperatures, respectively. Results for
orange showed that analytical portion sizes of 5 g provided sufficient homogeneity from both sample
processing procedures. Assessments of pesticide stability demonstrated that most were relatively
stable during processing at either ambient or cryogenic temperatures. However, some pesticides,
including dichlofluanid, chlorothalonil, tolylfluanid, and dicloran, appeared to suffer much greater losses
(>20%) during processing at ambient temperature. For these analytes, loss is interpreted as chemical
degradation.
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INTRODUCTION Losses of pesticides at the sample processing stage and/or

Control laboratories routinely monitor fruits and vegetables Subsequent analytical steps will result in an underestimate of
for pesticide residues to check for compliance with statutory residue levels with possible implications on MRL compliance
maximum residue limits (MRLs) and to assess consumer Monitoring, consumer risk assessments, and measurement
exposure to pesticides. Fruit and vegetable samples for official uncertainty. It is therefore desirable to develop and adopt
monitoring programs are usually taken according to CODEX analytical procedures that minimize pesticide losses and improve
Sampling Guidelines j1thus, the laboratory receives laboratory the reliability of results.
samples comprising a minimum of 5 or 10 units (individual  Data for the calculation of measurement uncertainty are
fruit or vegetable units) with a minimum total mass of 2 or 1 mostly derived from in-house validatios,(6) or proficiency
kg, respectively. Laboratory samples comprising large crop units, test studies?), involving the analysis of spiked homogenized
e.g., lettuce, are randomly subdivided. The laboratory sample gpa\ytical portions. Consequently, one of the largest sources of
is then comminuted (chopped or blended) to form an analytical grrs sample processing, is not taken into account. Also, the
sample from which representative analytical portions (typically quest for harmonization of European MRL controls across the

10&33 ?a{b%;tvc\)”rtizgrg;m;?;liga}gsgsrétor samoles at ambiemdifferent member states is further compromised by the fact that
y P different laboratories inevitably process samples at different

temperature even though losses for a number of pesticidestem eratures and using different tvpes of processing equipment
including chlorothalonil, folpet, and tolylfluanid have been P 9 types ofp g equipment.

reported to occur during this procedu24). The extent of The general lack of attention to sample processing is probably
the loss is dependent on both the pesticide and the sample typélue to the fact that such studies are technically challenging and
and probably varies between different varieties and betweencostly to perform. However, the importance of such studies
different samples of the same variety. should not be underestimated, not least because comminution
and thorough mixing of the laboratory sample are prerequisites
* To whom correspondence should be addressed. E-mail: r.fussell@ to obtaining representative analytical portions prior to analysis.
csl.gov.uk. It is particularly relevant at a time when most laboratories are
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*|AEA International Atomic Energy Agency. implementing methods with reduced analytical portion sizes in
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Experiment 1
(5 experiments carried out for each commodity/processing combination)
{ 4 {
Assessment of stability/heterogeneity Blank Parallel method
Survival recovery recovery
{ d {
Laboratory Sample 2 kg Analytical Analytical
(tomato or orange) Portion 30 g Portion 30 g
4 2\ 4
Units cut in half and spiked prior to Spike
comminution, 'survival recovery'
{ d {
Comminution
(ambient or cryogenic conditions)
{ 4 {
Extraction of Analytical Portions Extraction Extraction
{ 2\ {
Analysis Analysis Analysis
Analytical No. of  |Analysis per replicate GC-MS GC-MS
Portion | Replicates 1 ml aliquot (X 1) 1 ml aliquot (X 1)
5g 5 LsSC 1 ml aliquot (X 3%) LSC
1 ml aliquot (X3*)
10g 5 LsC 1 ml aliquot (X 3%)
15¢g 5 LsC 1 ml aliquot (X 3%)
150 g 5 LSC 1 ml aliquot (X 3%)
GC-MS*™ 1 ml aliquot (X 1)

Figure 1. Overview of experimental protocol used to assess homogeneity of analytical samples and stability of pesticides during sample processing.
*Each 1 mL aliquot was analyzed separately by LSC. **For 150 g analytical portion, a 1 mL aliquot was taken for GC-MS from three out of the five
replicates.

order to reduce reagent and solvent usage etc. and at a time There is evidence to suggest that sample processing at low
when there is increased interest in measurement uncertainty. temperatures (cryogenic processing) can minimize the extent
Relatively few studies have been reported in the literature. of the reported losses and thus produce more reliable results
Ambrus et al. 8) proposed the use of sampling constants for (2 11). Cryogenic processing requires the laboratory sample
estimating the uncertainty associated with the ambient sampletq pe frozen, usually at 20 °C, before being disintegrated into
processing of apples and head cabbages containing incurred, fine, friable powder in the presence of dry ice (solidACar
pesticide residues. A minimum of 64 g of cabbage and 440 g jjqig nitrogen. By reducing the temperature at which the

of apple.s was geqwred to holql the uncertainty of sample laboratory samples are comminuted, the potential reactions
preparation t0<5%. These analytical portlfomncmasses are much between any pesticide residues present in the samples and
higher than those currently employed g) for many chemicals/enzymes released when plant cells are disrupted can

residue methods. Maestroni et ab)(described a method be sl dand | f icid be minimized .
involving the use of“C-labeled chlorpyrifos with liquid e slowed and losses of pesticides can be minimized. Despite

scintillation counting (LSC) of extracts to estimate uncertainty 2cknowledging these losses, most laboratories continue to carry
associated with processing fruit and vegetables. It should beOut extensive validation of the extraction, cleanup, and detection
noted that“C-labeled chlorpyrifos provides information on total ~ Stages of methods but not the sample processing stage.

loss and not analyte stability. The method was quick, robust,
and precise, because LSC allowed direct analysis of crude
extracts eliminating the uncertainty contribution associated with
cleanup. Using a top-down approach, Lynn et 3).doncluded
that the standard measurement uncertainty associated wit

The aim of this study was to assess the impact of two different
sample-processing conditions (comminution at ambient and at
cryogenic temperatures) on measurement uncertainty of pesticide
hresidues analysis. Two sources of uncertainty associated with
physical sample preparation can be high and dominate thesam_pl_e proce_ssing were cqnsidered as follows: '_[he stability (.)f
overall measurement uncertainty for some pestieitemmodity p_esnmdes during comminution of two representative comqul-
combinations. Bettencourt de Silva et alOf proposed a €S, oranges and tomatoes, and second, the heterogeneity of
differential method for the estimation of sample processing and “Nomogenized” analytical portions. The work was undertaken
Subsamp]ing performance, based on a Comparison of theas a contribution to a Coordinated Research Project (CRP) on
dispersion of results for the global method with the uncertainty Testing the Efficiency and Uncertainty of Sample Processing
estimated from developed models for the individual analytical for Analysis of Food Contaminants, coordinated by the Inter-
steps (bottom-up approach). national Atomic Energy Agency (IAEA).
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MATERIALS AND METHODS Table 1. Difference between Concentration of Pesticides in Ambiently
and Cryogenically Processed Tomato Analytical Portions (Adjusted for

Experimental Design. The stability of pesticides during sample .
P g yop g P IDS Concentration)?

processing (comminution) was assessed by comparing the mean
concentration of pesticides in laboratory samples (2 kg) spiked before

comminution (mean “survival recovery”) with the mean concentration #9kg . .
of pesticides in samples (30 g) spiked immediately after comminution uncertainty associated
(mean “method recovery”) at either ambient or cryogenic temperatures. _Pesticide ambient  cryogenic  difference with difference
These recovery experiments were repeated five times at both ambient captan 9.0 76.1 67.1 157
and cryogenic temperatures, with each experiment being conducted on folpet 437 100.0 56.4 24.2
a separate occasion. The pesticide concentrations in solvent extractsdichlofluanid 45.0 96.6 51.6 6.3
of comminuted analytical portions were measured by LSC and gas tolyffluanid - 5.5 97.3 41.8 7.2
chromatography with mass spectrometry detection (GC-MS) as outlined chlorothalonil 37.6 758 382 106
in the experimental protocol (Figure 1). 'thz)zzao/%na[e %é lggi ;ég gg
An internal deposition standard (IDS), chlorpyrifos (known to be  gimethoate 912 1106 19.4 35
stable under conditions employed), was included in the spiking standard azinphos-methyi 73.3 92.1 18.8 6.4
to allow the method recovery and survival recovery results to be methidathion 84.7 98.9 14.2 25
corrected for physical losses and volumetric errors. Therefore, chlor- pirimicarb 97.8 110.8 12.9 2.9
pyrifos (IDS) deposited on the surface of the crop units was subjected phosalone 85.9 97.6 11.7 5.0
to the same conditions as the pesticides being assessed. pyrimethanil 99.8 1099 10.1 35
Preparation of Spiked Laboratory Samples.For each experiment, ;etﬁg)f?gjiznwe %; ggg g% ;g
on each occasion, individual units of tomatoe; or oranges comprising gy, sro0nos 03.3 102.0 86 34
a 2 kg laboratory sample were cut vertically into two approximately giazinon 934 101.8 84 42
equal halves and the halved units were placed cut side downward on gicloran 100.8 109.1 83 47
an aluminum foil-covered tray. An aliquot (4.0 mL) of a mixed pesticide  parathion-methy! 93.8 101.7 8.0 42
standard in ethyl acetate solution [containing B&/mL of each heptenophos 89.3 97.1 7.8 46
individual pesticide including 4Bg/mL “cold” unlabeled chlorpyrifos Isofenphos 97.2 104.8 7.6 45
and 5ug/mL *“C-labeled chlorpyrifos (approximately 750000 dpm/  Myclobutanil 90.6 97.7 71 3.6
1g)] was applied dropwise, using a microsyringe, to the outer skin of Pifmiphos-methyl %8 1036 6.7 24
each of the individual half units to give a spiking level of approximately chiorpyrifos-methyl 9.0 1056 66 46
L - - . . procymidone 99.2 105.0 58 25
0.1 mg/!(g fOI’. each 'lndIV|'duaI pesticide. The pesticides contained in kresoxim-methyl 90.4 95.8 54 37
the spiking mix are listed iTables 1and2 for tomatoes and oranges,  gthjon 95.3 100.5 53 45
respectively. The spiked sample was then left for 15 min at ambient pitertanol 86.8 91.3 45 6.4
temperature to allow sufficient time for the solvent to evaporate. A metalaxyl 104.4 108.6 42 32
total of 20 spiked laboratory (2 kg) samples (five samples of each of parathion-ethyl 96.8 100.2 34 4.4
oranges and tomatoes for cryogenic processing and five of each for tolclofos-methyl 1011 104.2 3.2 3.7
ambient processing) were prepared. Laboratory samples for ambient Vinclozolin 91 1002 21 3.6
processing were comminuted as soon as possible, but laboratory samplegem(}eth"p g;g g?g ﬁ Zig
fo_r _cryogenic processing were placed in a freezer (@) for a I;?rr(?pz;(r)gife 921 930 0.9 329
minimum of 16 h. cypermethrin 93.8 94.0 0.2 58
Laboratory Sample ProcessingFor ambient processing, the fresh  deltamethrin 97.0 94.9 -21 155
spiked units were placed in a Stephan Mill (model UMC12, Stephan carbaryl’ 1035 85.5 -18.0 24.9

AG, Germany) and comminuted at room temperature for 3 min to
produce a homogenized analytical sample. Five replicate analytical  atalic results indicate statistically significant differences between processing
portions at each mass (150, 15, 10, and 5 g) were withdrawn for methods. Bold results indicate practically important (>11%) differences between
immediate analysis by LSC. processing methods.  Subject to poor analytical precision.

For cryogenic processing, the frozen spiked units were transferred

to the same mill (precoo_led with dry_ ice) and comminuted for 3 min - 54 then homogenized for 30 s (1.5 min for 150 g portions) using an
in the presence of dry ice (approximately 1% kg). As much as Ultra-Turrax Model T25 Homogenizer (IKA, Germany). Five replicate
possible of the comminuted analytical sample was recovered and gnaytical portions (of each of the various masses) were extracted in a
!mmedlately transferred to an gn;ealed polythene bag, which was storedsing|e batch on each day for each processing experiment. A method
in a freezer (—20°C) for a minimum of 16 h, to allow the carbon  ecovery (30 g) and a blank control sample (30 g) were also extracted
dioxide to dissipate, and a maximum of 24 h before analysis. in the experiments for the GC-MS assessment of stability of pesticides.
Laboratory samples of oranges and tomatoes, labeled as organicallyrhe blank control samples were not spiked with IDS.
produced and shown to be free of pesticide residues, were comminuted \easurement of Radioactivity in Extracts. Homogeneity was
by cryogenic sample processing to provide blank material for blank assessed using LSC to determine i@ chlorpyrifos content of all of
control samples, “method validation” and “method recovery” spikes, the different size analytical portions. Three individual aliquots (1.0 mL)
and for the preparation of matrixed-matched calibration standards.  were taken from each extract of each analytical portion (i.e., each of
Extraction. Five replicate analytical portions each of 150, 15, 10, the five replicate analytical portions of 150, 15, 10, and 5 g) into
and 5 g were taken randomly from the comminuted analytical samples. individual scintillation vials and LSC cocktail (19 mL) added to each
Analytical portions of analytical samples, comminuted at ambient vial. The vials were closed, shaken to mix the contents, and then
temperature, were withdrawn without delay and with continuous mixing, transferred to a liquid scintillation counter (Beckman LS 6000TA Liquid
to avoid separation of the liquid and solid phases. Analytical portions Scintillation Counter, Beckman). The level 8€-labeled chlorpyrifos
of analytical samples, comminuted at cryogenic temperature, were was quantified by calibration against standards prepared in blank sample
withdrawn quickly to prevent thawing of the cryogenically milled matrix. Residuat‘C-labeled chlorpyrifos remaining in the vial (which
material. had contained the standard solution used for spiking), on the foil (runoff
Ethyl acetate (2 mL/g), sodium hydrogen carbonate (0.167 g/g), and from spiking) and in the syringe, was recovered and measured using
then anhydrous sodium sulfate (1 g/g) were added to the analytical LSC. Each of the five analytical portions at each mass were analyzed
portions. The ratio of reagent, solvent, and analytical portion amounts in triplicate on each of five occasions to give a total of 300 individual
was kept constant for all of the analytical portion sizes. The temperature LSC measurements for each of tomatoes and oranges at each of ambient
of the mixture was equilibrated to 3C (water bath set at 3@ 1 °C) and cryogenic processing conditions ($eégure 1).
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Table 2. Difference between Concentration of Pesticides in Ambiently were made using multipoint, matrix-matched calibration standards,
and Cryogenically Processed Orange Analytical Portions (Adjusted for which bracketed the val_ldatlon recovery extracts. The LSC measurement
IDS Concentration)? of C-labeled chlorpyrifos was validated in the same manner.
Assessment of Inhomogeneity between Analytical Portions;
uglkg Statistical Methods. Estimates of between-sample (analytical portion)

variation and analytical measurement variation (between-replicate) were

uncertainty associated . . -
pesticide ambient cryogenic  difference with dt?;ference gained by t_he analy3|s of variance (ANOVA)_of results produced for

. . each analytical portion mass on each day. Estimates were pooled across
dichlofluanid 46.1 89.1 43.0 42 the 5 days to give estimates of between-sample variation for each
chiorothalonil 26.2 67.2 41.0 14.2 analytical portion mass.
Z;ggl;;md ?‘;g lggg gg‘; jj The between-sample variance of the analyte concentration may be
dichlorvos 195 362 167 9.0 expected to be inversely proportional to the analytical portion mass,
bitertanol 91.8 105.5 13.8 12.9 which is equivalent to the standard deviation associated with between-
azinphos-methyl 78.5 91.9 134 7.0 analytical portion variation being inversely proportional to the square
deltamethrin 91.7 104.0 12.3 6.4 root of the analytical portion mass. Hence, a linear regression of
biphenyl 321 411 8.9 3.7 between-analytical portion standard deviation and the reciprocal of the
etridiazole 422 50.5 8.3 4.6 square root of the analytical portion mass were used to examine the
imazalll 91.8 99.0 7.2 9.5 relationship between analytical portion size and between-analytical
heptenophos 89.5 96.5 6.9 4.1 ortion variation
tecnazene 75.6 82.5 6.9 4.1 P - A ) ) . :
pirimicarb 100.4 107.3 6.9 49 !Estlmate_s of_ the minimum _flt-for-pu_rpose analytical _portlon size were
myclobutanil 939 100.8 6.9 38 galneq by flnd.lng the gnalytlcal portlon'mfass for which the between-
tolclofos-methy! 97.7 104.1 6.4 5.1 analytical portion relative standard deviation was equal to>0 8o,
trifluralin 92.7 98.6 5.8 28 where Ho is the modified Horwitz RSOL) for the concentrations of
pyrimethanil 99.7 105.5 58 3.9 analyte present in the analytical sample (for concentrations less than
metalaxyl 1001 105.6 4.6 4.7 120 ug/kg, Ho= 22%). A value of 0.3x Ho was chosen because if
tebuconazole 92.7 97.1 44 46 the analytical relative uncertainty is fit for purpose (equivalent to the
'p“’d'onfb 914 95.8 4.3 115 Horwitz RSD) then the effect of between analytical portion variation
carbaryl 1108 137 29 281 will be small (sampling variation expressed as a RSD combined with
ethion 101.9 104.7 2.7 35 . .
procymidone 996 102.0 24 52 analytical gncertamty: 1.04.>< Ho). N o
chlorpyrifos-methyl 996 102.0 24 43 Uncertainty Associated with Analyte Stability; Statistical Meth-
cadusafos 96.2 985 23 41 ods. For each commodity (orange and tomato), the data set consisted
chlozolinate 99.3 1015 22 41 of results of the measurement of pesticides spiked (each at an equivalent
ethoprophos 98.8 100.9 2.2 5.8 concentration of 10@g kg™?) onto the surface of commodity units of
pirimiphos-methyl 99.9 102.0 21 3.7 the laboratory sample prior to homogenization using ambient or
kresoxim-methyl 1000 1016 17 32 cryogenic conditions. For each processing condition, three replicate
methidathion 1007 1017 10 42 GC-MS determinations (randomly selected from the extracts of the 5
Si'[r::?;ggﬁ;e 1832 1823 8? gg x 150 g analytic_al portions) were carried out on each of five occagions.
parathion-ethyl 99.2 99.7 05 50 On ga_ch occasion, an estimate of the me@hod recovery (_proport_lon of
permethrin 102.0 1023 03 43 pesticide recovered from a blank analytical portion spiked with a
phosalone 100.3 100.6 0.3 38 solution containing the same pesticides) was also produced. Results
isofenphos 103.0 102.2 -0.8 5.2 were also calculated using chlorpyrifos as an IDS.
propargite 98.9 97.9 -1.0 55 ANOVA provided estimates of the size of variation associated with
parathion-methyl 102.7 100.7 —2.0 7.9 measurement and extraction; hence, using eq 1, the uncertainty
diazinon 98.9 95.0 -38 26 associated with the difference between the mean of results produced

by each analytical portion mass.

@ talic results indicate statistically significant differences between processing
methods. Bold results indicate practically important differences between processing
methods.  Subject to poor analytical precision.

U = 2 x 4/SE(ambienf+ SE(cryogenid 1)

whereU is the uncertainty associated with the difference between mean
GC-MS Measurements.Extracts of three of the 150 g analytical  results expressed as a 95% confidence interval, SE(ambient) is the
portions were analyzed singly on each of 5 days to provide 15 results standard error associated with the mean of ambient results, and SE-
for each pesticidecommodity combination for the ambient processing  (cryogenic) is the standard error associated with the mean of cryogenic
and cryogenic processing experiments. results (the factor 2 converts the resulting standard error associated
After addition of a “syringe” standard (tetraphenylethylene) to correct with the difference into a 95% confidence interval).
volumetric errors associated with GC injection, the pesticide concentra-  Results from parallel method recovery measurements were used to
tions in the crude extracts were determined using capillary GC-MS give an estimate of the effect of analytical bias on measurement results;
detection. The mass selective detector was operated in selected iorhence, results corrected for this method recovery were generated and
monitoring mode, and GC injection was splitless«(9 at 250°C using analyzed by ANOVA to give an estimate of the effect of sample
a glass liner fitted with a carbofrit insert. Quantification was carried processing that was unaffected by analytical bias.
out using multilevel, matrix-matched calibration standards (prepared  Uncertainty Associated with Analyte Stability; Statistical Ap-
fresh each day) bracketing the sample extracts. Parallel method recoveryproach. A measure of the importance of measurement bias, introduced
and blank control extracts were processed in an identical manner. by factors such as analyte stability, can be made by estimating its effect
Accuracy of the Analytical Methods. Prior to the experiments on on the confidence that the “true value” of a measurement result is within
sample processing, the accuracy of the GC-MS method was determineda certain interval. For example, for an unbiased measurement method
by analyzing nine 30 g sample replicates spiked with pesticides at 100 that just meets the modified Horwitz fithess-for-purpose criterion, we
ug/kg. The use of“C-labeled chlorpyrifos restricted the choice of can say that 95% of results lie withiad4% of true concentration. In
equipment for extraction and cleanup. A simple, low cost, rapid inline other words, if, given a set of results of 109/kg, we assert that the
GC clean up procedure using a carbofrit insert in the GC liner provided true value lies between 56 and 144/kg, we will be right 95% of the
a satisfactory solution. The method, which permitted the direct analysis time and wrong 5% of the time. One measure that we can use to
of crude solvent extracts, minimized the possibility of time-dependent estimate the importance of bias is the effect that it has on the number
matrix-induced degradation of certain pesticides. All determinations of times that we are wrong. For this study, bias was deemed to be
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Table 3. Mean “Survival’ Recovery and Variation Associated with the LSC Measurement of 14C-Labeled Chlorpyrifos in Analytical Portions Taken
from Comminuted Bulk Samples?

ambient processing cryogenic processing
average analytical average analytical
mass recovery between-analytical (replicates) recovery between-analytical (replicates)
(9) (%) portion RSD (n = 5) RSD (n=5) (%) portion RSD (n = 5) RSD (n=5)
tomato samples
5 98 0.236 0.059 79 0.027 0.016
10 101 0.158 0.016 77 0.014 0.013
15 97 0.167 0.026 79 0.012 0.012
150 100 0.054 0.013 77 0.037 0.011
orange samples
5 93 0.027 0.016 78 0.034 0.058
10 91 0.014 0.013 79 0.037 0.015
15 92 0.012 0.012 79 0.020 0.012
150 84 0.037 0.011 80 0.016 0.012

2RSD, standard deviation/mean result.

0.25
A Tomato ambient processing
® Tomato cryogenic processing
A Orange ambient processing
O Orange cryogenic processing
0.20 4
5 y = 0.485x + 0.020
j*g R? = 0.956
B
g (.15
j=
7
2
i
=
g 0.10 + y = 0.120% + 0.012
5 R? = 0.932
g
1T, D < SO
3 |
0.05 |
Q
O q
(o] 1 A |
0100 L] I L} Ll T T L] Ll T II
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
110 g Sample mass 12 (g/?) 5.0 g

Figure 2. Relation between sample (analytical portion) mass and between-analytical portion variation for 0.1 mg/kg *C-labeled chlorpyrifos in tomatoes
and oranges.

important if it would lead to an additional 5% probability that the true temperature but were similar for tomatoes processed cryogeni-
value of a measured quantity was outside of the 95% confidence intervalcally. The relationship between analytical portion size and
of an unbiased measurement. For conclusions based on a singleyetween-analytical portion relative standard deviation for the
measurement (using @ method that just meets the modified HOWItz o iy recovery of“C chlorpyrifos is illustrated irFigure 2.
fitness _f(_)r purpose criterion), a_blas of 11%_Iead_s to an addlt_lonal 5% A linear regression analysis showed that between-sample
probability of a “wrong conclusion”. Hence, in this study, statistically . . - . L
significant differences that are also greater than 11% between processingstandard deviation for analytical portions varied significantly
methods are labeled as “differences”; smaller differences were not With analytical portion mass tomatoes comminuted at both
considered practically important and were ignored. ambient (p= 0.011) and cryogenig(= 0.017) temperatures,
wherep is the probability of observing this gradient “by chance”
when there is no relationship between analytical portion variation
and sample mass. The gradients of the regression lines were
Assessment of Inhomogeneity between Analytical Portions  significantly different (ambient 0.485 ¢’2, cryogenic= 0.120
of Comminuted Tomatoes.Measurement result$“C chlor- g*2, p = 0.021) indicating that laboratory samples of tomatoes
pyrifos expressed as percentage survival recovery) and estimatesomminuted at cryogenic temperatures were more homogeneous
of the variance associated with analysis and sampling for eachthan the laboratory samples of tomatoes processed at ambient
analytical portion size are summarizedliable 3. The between-  temperatures. The estimates of minimum fit-for-purpose analyti-
analytical portion RSDs were larger than the analytical RSD cal portion size are 110 g for laboratory samples comminuted
(replicate measurements) for tomatoes comminuted at ambientat ambient temperature and 5 g for laboratory samples com-

RESULTS AND DISCUSSION
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Figure 3. Uncertainty associated with fit-for-purpose sample (analytical portion) mass of tomatoes. Thick line, linear regression; thin line, upper 95%
confidence of regression.

minuted cryogenically. Thus, conventional analytical portion and reported that lettuce, carrot, and orange generally showed
sizes of 16-50 g, commonly employed, are not sufficient for very good reproducibility as compared to tomatoes. It was
tomatoes processed at ambient temperature. suggested that the variety and ripening stage may be key factors
The difference between the techniques is due to fact that theaffecting the uncertainty of sample processing, especially
skins of the tomatoes separate from the pulp but, because ofcomminution at ambient temperature. In the case of tomatoes,
their elasticity, do not disintegrate during sample processing at the use of a double processing procedure (further homogeniza-
ambient temperatures. This results in phase separation of thetion of the homogenized analytical sample at ambient temper-
water layer and heterogeneous pulp and peel fraction. It is ature) reduced the variability by a factor of-3 but did not
critical that the homogenized analytical sample is continually take into account the likely increased uncertainty due to the
mixed during the withdrawal of analytical portions. In the instanility of certain pesticides. The addition of dry ice during
cryogenic procedure, the laboratory sample is frozen before the processing of the fresh laboratory sample also reduced the
processing and dry ice is added. The addition of dry ice keeps iapjlity by 2-3 times. The addition of dry ice to the frozen
the temperature during processing low, making the skins brittle |3y ratory sample further reduced the uncertainty but to a lesser

]‘:Tnd (:)z?sier toddisintedgrz;te. The resu:;[ is the productionl O.f alextent (a further 1.3-fold improvement as compared to the
owable powder and thus a more homogeneous analytical , yqision of dry ice to the fresh laboratory samples).

sample. . .

Figure 3 illustrates the uncertainty associated with the linear Ats_sessmferg of the tlr:jho(r)n ogenelt)'</| between A;nalytlclill
regression of between-sample standard deviation against thePOr lons of L.omminute ranges. vieasurement resuits
reciprocal of the square root of analytical portion mass. (expressed as percentage survival recovery) and estimates of

the variance associated with analysis and sampling for each

The plot shows that the best estimate of a fit-for-purpose Wiical h Fable 3. The b Wtical
analytical portion mass for tomatoes processed cryogenically ana_ytlca mass are shown firable 5. 1he etween-ana ytl_ca
portion RSDs ¥C chlorpyrifos) were similar to the analytical

is 5 g. However, there is some uncertainty associated with the ; )
value of the regression parameters (gradient and intercept),RSDS (replicate measurements) for oranges comminuted at both

which means that the true value of the minimum fit-for-purpose ambient and cryogenic temperatures. The relationship between
analytical portion mass may be higher. Hence, calculation of analytical por.t|o.n size and beMeen-anaIytlcaI portion _relat|ve
one-tailed upper 95% confidence intervals for the regression Standard deviation for the survival recovery'tt chlorpyrifos
shows tha’[, for tomatoes, an ana|ytica| portion of mass 7.7 g is illustrated inFigUre 2. There was no Statistica”y Significant
taken from a 2 kagnalytical sample homogenized at cryogenic relationship between analytical portion mass and between-
temperatures is fit-for-purpose. It was not possible to estimate analytical portion standard deviation f§iC chlorpyrifos (p>
the upper limit of the equivalent fit-for-purpose analytical 0.05) in oranges for analytical portions taken from analytical
portion size from a laboratory sample of tomatoes processed atsamples comminuted either at ambient or at cryogenic temper-
ambient temperature because of the large uncertainty associatedtures. Between analytical portion variation was not statistically
with the regression parameters. significantly different for analytical samples produced at ambient
These results are in good agreement with Maestroni et al. or cryogenic (ambiert= 0.023, cryogenic= 0.027,p > 0.05)
(13) who evaluated a variety of sample processing techniquestemperatures. The between-analytical portion variation was
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below the fitness-for-purpose criterion of 0.3 Ho for all processed at cryogenic temperatures as compared to laboratory
analytical portion masses (5, 10, 15, and 150 g). samples processed at ambient temperature. The survival recovery
Thus, comminution using either ambient or cryogenic condi- Of biphenyl, chlorothalonil, dichlorvos, dichlofluanid, and
tions produced sufficiently homogeneous analytical samples, for etridiazole was significantly less than 100% for both sample
the minimum analytical portion size (5 g) tested. Maestroni et processing conditions, indicating that some losses also occurred
al. (13) reported that the uncertainty of sample processing for for these pesticides during cryogenic sample processing. The
oranges was normally very low and included in the 2% losses of biphenyl, dichlorvos, and etridiazole, irrespective of
reproducibility of the analysis. the sample processing conditions employed, suggest that an
Accuracy of the GC-MS Analytical Method for the accurate determination of residues levels for the relatively
Determination of Pesticides in Tomatoes and Oranges. volatile pesticides may not b_g po_SS|bIe until sample processing
Calibrations for all analytes were generally linear over the range Procedures to prevent volatilization can be devised.
of interest, 0.02—0.2&g mL~! (40—500ug kg! equivalent), Generally, the size of the difference between processing
with correlation coefficients- 0.980. Except for chlorothalonil ~ methods for results corrected for method recovery (spiked after
in tomatoes, mean method validation recoveries (not correctedcomminution) was similar to the size of difference between
using IDS) were within the range 7B4% with coefficients of ~ processing methods for nonrecovery-corrected results. This
variation (% CVs) mostly below 8%. The mean validation indicates that differences are due to sample processing and not
recovery of chlorothalonil in tomatoes was 63% with an the determination steps.
associated CV of 13%. The CVs for captan, dichlofluanid, and  Overall the survival recoveries (uncorrected for IDS) for the
tolylfluanid in tomatoes were 15, 13, and 10%, respectively. majority of pesticides were around 20% lower for tomato
The % CVs for azinphos-methyl, chlorothalonil, and folpet in  samples and 10% lower for orange samples processed cryogeni-
oranges were 12, 11, and 10%, respectively. cally as compared to samples processed at ambient temperature
Assessment of the Stability of PesticideIhe mean survival ~ as shown irFigures 4 and5, respectively. The reason for the
recovery results (corrected for chlorpyrifos IDS concentration) lower values could not be determined. Only a small percentage
for the measurement of pesticides in ambiently and cryogenically (approximately 2-3%) of *4C-labeled chlorpyrifos remained on
processed tomatoes and oranges (nominally spiked with pesti-the tray and in the syringe after spiking so losses at this stage
cides at 100ug/kg) are summarized ifrables 1 and 2, are unlikely. The C@effluent during processing only contained
respectively. The tables also include the mean differenceslow levels (0.5%) of the total amount $iC chlorpyrifos spiked.
between concentration of pesticides in the two sample processingGravimetric errors due to incomplete volatilization of &@ere
procedures and the uncertainty associated with the meandiscounted by checking the mass of sample after dissipation of
difference value. In cases where the difference between theCO.. The condensation of water on the cold surfaté) is
processing methods is statistically significant, the results are unlikely to account for the apparent losses observed. The most
presented in italics. Where the differences are considered to belikely explanation is that losses occurred during the evaporation
of practical importance (>11%), the results are presented in of spiking solvent or during the freezing process, an unavoidable
bold italics. Results from method recovery measurements experimental artifact. It is unlikely that the pesticides applied
(pesticides added to homogenized samples known not to contairin solvent (an artificial model) behave in the same way as field-
pesticide residues) are not shown, but uncorrected mean methodncurred residues formed from a film or layer following
recoveries were generally between 90 and 110% with associatecapplication of pesticide formulations. Therefore, application of

% CVs generally<10. an organic solvent spiked with pesticides could possibly result
Stability of Pesticides during Comminution of Tomatoes. ~in higher losses, due to volatilization, as compared to the use
The IDS corrected results (survival recovery) showTable of formulated products, which have been developed for optimum

1 were much higher for cryogenically processed laboratory Surface adherence or penetration. Schmidt eflal) ¢onducted
samples as compared to ambiently processed laboratory sample§XPeriments using radiolabeled pesticides and reported that
for a number of pesticides including captan, dichlofluanid, 10Sses up to 20% occurred during the spiking and freezing
folpet, chlorothalonil, and tolylfluanid, which are unstable when Process, but no significant losses were observed during the
processed at ambient temperature. However, the survivalCryogenic homogenization step.
recovery of captan, chlorothalonil, imazalil, and ethoxyquin was  The first conclusion to be drawn from this study is that the
significantly less than 100% for both sample processing treatment of samples prior to extraction can have a large effect
conditions indicating that some degradation also occurred for on both the variability of results and the bias associated with
these pesticides during cryogenic sample processing. By con-results. This uncertainty is often neglected in method validation
trast, the results for dimethoate and pirimicarb were significantly studies.
greater than 100% suggesting that the differences between |osses of a number of pesticides that occurred during ambient
ambient and cryogenic processing are a result of imprecision processing were not observed during cryogenic processing. If
of the method rather than real differences. For cryogenic MRLs are set using results based on a cryogenic processing
processing, the results (survival recovery) for carbaryl were method and then enforced using results generated using ambient
much lower (18g/kg) as compared to ambient processing, but temperature processing, then the wrong conclusion could
the associated uncertainty of the analytical method was high, possibly be made with respect to the concentration of the
indicating that this difference was not practically significant. pesticide residue in a sample as compared to the MRL. This is
Stability of Pesticides during Comminution of Oranges. particularly the case for pesticides as compared to the monitoring
The IDS corrected results (survival recovery)Tiable 2 show of other contaminants because neither the results used to set
that there was no difference in the stability of most pesticides pesticide MRLs nor the measurement results used to enforce
in oranges comminuted at either ambient or cryogenic temper-them are corrected for recovery. Losses of the relatively volatile
atures. However, the survival recovery of dichlofluanid, chlo- pesticides such as biphenyl and dichlorvos during both ambient
rothalonil, tolylfluanid, dicloran, dichlorvos, bitertanol, azinphos- and cryogenic processing procedures suggest that enforcement
methyl, and deltamethrin were higher in laboratory samples of MRLs for these pesticides is at least questionable and may
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Figure 4. Differences between concentration [not corrected for IDS (chlorpyrifos)] of pesticides in analytical samples of tomato comminuted at ambient
and cryogenic temperatures.
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Figure 5. Differences between concentration [not corrected for IDS (chlorpyrifos)] of pesticides in analytical samples of oranges comminuted at ambient
and cryogenic temperatures.

not be possible. To facilitate the correct interpretation of the should be considered as the preferred method when using small-
results, all laboratory reports should indicate the processing scale extraction methods.
procedure employed when reporting pesticide residue results.
Cryogenic processing provides improved homogeneity of
analytical portions as compared to ambient processing, especiallyACKNOWLEDGMENT
for commodities such as tomatoes. Sufficient homogeneity is

critical for the successful implementation of smaller scalé&( . N
g) extraction methods, which are becoming increasingly popular We thank the IAEA for developing and coordinating the CRP

in pesticide residues analysis. Therefore, cryogenic processing®d Work plan and for provision of théC-labeled chlorpyrifos.
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