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Abstract

Inrecent years the declaration of estimated uncertainty of measurement has become an integral part of analytical results. This study presents
the assessment of results generated within the analysis of selected pesticides represented by carbamates, pyrethroides and azoles, residu
of which may be found in treated apples. Multiresidue method used for analysis of spiked samples (residues at levels 0.040-0.163 mg/kg)
consisted of (i) ethyl acetate extraction, (ii) GPC clean-up and (iii) identification/quantification of residues by GC. Procedures utilizing either
conventional (electron-capture, nitrogen—phosphorus) or mass-selective detectors (quadrupole and ion trap analyzer) were evaluated. The
results generated through alternative strategies of uncertainty estimation (“bottom-up”, “top-down”) were compared.

Using the “bottom-up” approach uncertainty of extraction which comprises two components—(i) repeatability of extraction and (ii)
uncertainty of extraction recovery was shown to represent the main source of combined standard uncertainty (values of uncertainty of
extraction for tested pesticides ranged from 4.6% to 21.6%). On the other hand, uncertainties associated with the GC calibration (uncertainties
of weighing and diluting standards, uncertainties of purity of standards) were not so important (most of them did not exceed 2%). Combined
standard uncertainties associated with the described analytical method ranged for individual compounds from 9.3% to 24.3%. Similar values
of combined standard uncertainties were obtained using the alternative “top-down” approach.
© 2004 Published by Elsevier B.V.
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1. Introduction be viewed only as a separate value. The information on un-
certainty is needed in test reports whenever (i) it is relevant
Wherever possible and practical the performance charac-to the validity of the test results; (ii) a client’s instructions
teristics of analytical methods used for control of regula- so requires and/or (iii) the uncertainty may affect compli-
tion limits, established to foods/feeds, should be evaluated ance with a specification. Mainly, the latter aspect is impor-
through a collaborative trial conforming to an international tant in context of this study that is concerned with pesticide
protocol. Besides common performance characteristics (ac-residues analysis aimed at control of compliance with max-
curacy, ruggedness, sensitivity, linearity, limit of detection, imum residue limits (MRL).
etc. [1,2]) testing laboratories shall have and shall apply  According to the EURACHEM/CITAC documeni4]
procedures for estimating uncertainty of measurements. By“bottom-up” approach can be used for estimation of com-
definition [3] uncertainty is “a parameter associated with bined standard uncertainty. This strategy splits the ana-
the result of a measurement, that characterizes the disperlytical process in single steps, estimating the individual
sion of the values that could reasonably be attributed to the contribution of each one to the uncertainty of the final re-
measurand”. This clearly means that analytical result cannotsults. Subsequently, it is possible to decide which are the
more significant and which are negligible (and therefore do
not deserve special attention). Alternatively, more practi-
* Corresponding author. Tek:42 224 353 185; fax+42 224 353 185, cal “top-down” approach is recommended in the recently
E-mail addressjana.hajslova@vscht.cz (J. Hajs&v published 1SO 21748:2006] which gives a guidance for
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the estimation of measurement uncertainty using data ob-analytes in spiked samples and also uncertainty associated
tained from interlaboratory studies performed in accordance with the preparation of the calibration standard solutions
with ISO 5725-2 (determination of repeatability and repro- (weighing, diluting) were identified as the most significant
ducibility of a standard measurement methl). It does sources of combined uncertainty. The dependence of un-
not describe the application of validation data in the absencecertainty value on the concentration of analyte in examined
of collaborative study results and the basic assumption is sample was documented in this study as well. In another
that all laboratories use strictly unified method. In specific study[9] “bottom-up” approach was applied to uncertainty
areas, such as multiresidual analysis, the application of thisestimation in analysis of organophosphorus pesticides in
attitude is also somewhat unrealistic. On the other hand, sweet peppers. Significant sources of uncertainty were iden-
the “top-down” approach seems to be very effective so- tified on the basis of statistical compariséntest) between
lution in most cases as it applies a “black-box” model to (i) combined uncertainty associated with gravimetric, volu-
estimate the uncertainty from characteristic features of the metric and chromatographic quantification steps of analyti-
globally considered analytical method (bias, repeatability cal method (so-called “incomplete” estimation in this paper)
and reproducibility). and (ii) experimental dispersion of replicated analysis of
Different concepts can be combined to provide a more spiked samples.
practical and understandable way of measurement uncer- The aim of presented study was a critical assessment
tainty calculations, based mainly on already existing qual- of two alternative approaches approved nowadays for es-
ity control and validation data, namely the use of CRM, timation of combined uncertainty of measurement. Both
participation in interlaboratory comparisons (proficiency “bottom-up” and “top-down” strategies were used for es-
test) and recovery tests. The (intermediate) reproducibility timation of uncertainty associated with analysis of pesti-
within-laboratory is combined with estimates of the method cide residues in apples. Carbamates, pyrethroides and azoles
and laboratory bias where possiljig. were selected as representatives of pesticides possessing
Several papers concerned with the estimation of uncer-wide range of physico-chemical properties hence differing
tainty of organic contaminants measurement have beenin sources of uncertainty of measurement.
published during the recent deca@es-12]. The typical ex-
ample of the uncertainty calculation using the “bottom-up”
approach for the determination of nonylphenol in water by 2. Experimental
alternative procedures and GC-MS detection was described
by Diaz et al[12]. However, the estimation of all individual ~2.1. Reagents and materials
uncertainty contributions seems to be rather difficult for an-

alytical methods employing complex operating procedures (a) Pesticide standardqcharacteristics see ifTable )

and involving many analytes. were obtained from Dr. Ehrenstorffer (Germany). Stock
Cuadros-Rodguez et al[8] applied the “bottom-up” ap- solutions of individual pesticide standards in toluene
proach in estimation of uncertainty associated with determi- were used for preparation of standard mixtures used

nation of organophosphorus and organochlorine pesticides  for 4-point calibration. Concentrations relevant to the
contained in cucumber. Repeatability of determination of highest calibration point mixture Dare shown in

Table 1
Pesticide standards
Analyte Purity of analytical Calibration mixture, Physico-chemical propertigd4]
a

standard (%) D1” (hg/mi, toluene) Molecular weight Solubility in water (mg/l) [0k o
B-Cyfluthrin 97.0 0.079 434.3 % 1073 (20°C) 5.9
Bifenthrin 98.0 0.092 422.9 <1x 1073 >6
Bitertanol 98.0 0.108 3374 3.8 (20) 41
Carbaryl 99.5 0.221 201.2 120 (20) 1.85
Chlorpropham 98.0 0.200 213.7 89 (25) -
Cypermethrin 91.0 0.107 416.3 4 1073 6.6
Deltamethrin 98.5 0.234 505.2 <2 x 107 (25°C) 4.6
Fenarimol 99.5 0.197 331.2 13.7 (25) 3.69
Fenoxycarb 98.5 0.163 301.3 7.9 @) 4.07
Fenvalerate 99.0 0.095 419.9 x11072 (25°C) 5.01
Permethrin 97.5 0.205 391.3 % 1072 (20°C) 6.1
Prochloraz 97.5 0.325 376.7 34.4 (25) 4.12
Propham 99.5 0.146 179.2 250 (20) -
Tebuconazole 98.0 0.133 307.8 36 (2) 3.7

a SeeSection 2.1
b Kow = n-octanol-water partition coefficient.



R. Sepdn et al./ Analytica Chimica Acta 520 (2004) 245-255

Table 1 The other three solutions D D3, Ds were
prepared by dilution of B (2x, 10x, 20x) by toluene,
respectively. For experiments describedSection 2.4
spiking solutions in ethyl acetate—sD(conc. range

0.400-1.63@g/ml) and ethyl acetate:cyclohexane (1:1,

viv)—Dsg (conc. range 0.020-0.08%/ml) were pre-

pared.

Organic solventgfor GC residue analysis): cyclohexane

and toluene were purchased from Merck (Germany),

ethyl acetate from Scharlau (Spain).

(c) Sodium sulphate, anhydrousbtained from Penta
(Czech Republic) was dried at 500 for 6h and
then stored in a tightly closed glass container before
use.

(d) Apples:fruit free of pesticide residues were obtained
from organic farm.

(b)

2.2. Apparatus

(a) HomogenizerlJltra-Turrax (IKA, Germany) was used
for sample preparation.

(b) Vacuum rotary evaporatoBichi Rotavapor (Biichi,
Switzerland) was used for removing of organic solvents
from extracts and sample fractions.

(c) Automated high-performance gel permeation chro-
matography (HPGPC}¥ystem Aspec (Gilson, France)
equipped with 600 mm 7.5 mm PLgel high-performance
column (Polymer Laboratories, UK) was used for pu-
rification of crude apple extracts; conditions were as
follows: ethyl acetate:cyclohexane (1:1) as a mobile
phase, flow rate 1 ml/min.

Gas chromatograpki) HP 6890 Plus (Hewlett-Packard,

USA) equipped with autosampler (HP 7683) and cap-

illary column (seeSection 2.3.B connected through a

Y-piece both to a nitrogen—phosphorus detection (NPD)

system and an electron-capture detection (ECD) sys-

tem;; (i) HP 6890 (Hewlett-Packard, USA) equipped

with a mass-selective detector (quadrupole) HP 5973

(Hewlett-Packard, USA) and (ii) the Trace 2000

(Thermo Quest, USA) equipped with CombiPal (CTC

Analytics, Switzerland) autosampler and Polaris Q ion

trap mass selection detector (Finnigan, USA) were used

for identification/quantification of pesticide residues in
purified extracts.

(d)

2.3. Analytical method

2.3.1. Extraction

Twenty-five grams of aliquot portion of homogenized ap-
ples was weighed into a glass beaker. Hundred milliliters
of ethyl acetate and 75g of anhydrous sodium sulphate
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was dissolved in ethyl acetate:cyclohexane (1:1, v/v) and
made up to 50 ml.

2.3.2. GPC clean-up

Two milliliters of crude extract (0.5g of original matrix
in 1 ml) were automatically loaded onto gel column via the
sample loop. The first portion of eluate was discarded into
waste, the second one (15.0-31.0ml) was collected. This
pesticide fraction was vacuum concentrated and the residual
solvent was removed with a gentle stream of nitrogen. Dry
extract was dissolved in 1 ml of toluene and analyzed by gas
chromatography.

2.3.3. Gas chromatography and data processing

All the gas chromatographic separations (regardless
the instrument used) were carried out under the same
conditions: injection (Jul of sample or standard solu-
tion) was carried out by pulsed splitless technique (in-
jector temperature 25, injection pulse: 60psi, in-
jection pulse period: 2min); capillary column DB5-MS
(60m x 0.25mm, 0.25uwm, J&W Scientific, USA) was
used for separation; temperature program: initial temper-
ature 90°C (2min), 5°C/min to 180°C (0 min), 2°C/min
to 280°C (5min); helium was used as a carrier gas (pro-
grammed flow); detectors: (i) NPD: temperature 3Q0
hydrogen flow 3 ml/min, air flow 60 ml/min, nitrogen flow
(make-up) 10 ml/min; (ii) ECD: temperature 300, anode
gas flow (nitrogen) 6 ml/min, make-up gas flow (nitrogen)
60 ml/min; (iii) MS: quadrupole analyzer, interface tem-
perature 280C, ion source temperature 230, (iv) MS:
ion trap analyzer, interface temperature 2Z5ion source
temperature 200C, ionization technique employed in both
mass-selective detectors for experiments: electron impact
(El), selected ions for identification/quantification: see
Table 2

All chromatographic data were processed using ChemSta-
tion (A.04.05, Hewlett-Packard, USA) or Xcalibur (Finni-
gan, USA) softwares.

2.4. Determination of uncertainties

Three sets of experiments shownHig. 1 and described
below were carried out. Concentration levels of analytes in
spiked samples injected onto GC column were identical in
all experiments and corresponded to level Dml of these
samples contained equivalent to 1g of original apples. In
each experiment{£3, six replicates of spiked samples were
analyzed to obtain data for evaluation of repeatability and
recovery[13].

2.4.1. Experiment E

were added and the mixture was homogenized (2 min) using 2.5ml of pesticide mixture in ethyl acetate §Dsee

Ultra-Turrax. The homogenate was then filtered through a

Section 2.] were added to the 25¢g of apple homogenate

layer of anhydrous sodium sulphate. The extraction beakerplaced in a glass beaker. Determination of target pesti-

and filter cake were rinsed with 3 25 ml of ethyl acetate.

cides was carried out by procedures describe8enations

Combined filtrates were vacuum evaporated and the residue?.3.1-2.3.3
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Table 2
Experiments employing MS: monitored ions and MS—-MS conditions (ions used for quantification are in bold)
Analyte SIM experiments MS-MS experiments

Selected ionsn/2) Parent ion 1V2) Daughter ion ifV2) Excitation voltage (V)
B-Cyfluthrin 163, 206, 226 206 150 1.30
Bifenthrin 165, 166,181 181 165 1.00
Bitertanol 141,170, 171 170 141 1.30
Carbaryl 115, 116144 144 115 1.00
Chlorpropham 127, 171, 213 127 100 1.50
Cypermethrin 163181, 209 181 152 1.00
Deltamethrin 181, 209253 181 152 1.50
Fenarimol 219, 251, 330 139 111 1.00
Fenoxycarb 116, 18&55 186 157 1.00
Fenvalerate 167, 225, 419 167 125 1.00
Permethrin 163, 165183 183 168 1.50
Prochloraz 180, 266, 310 180 138 1.00
Propham 93137, 179 179 137 1.00
Tebuconazole 125350, 252 250 163 1.10
2.4.2. Experiment £ 2.4.3. Experiment £

Four milliliters of ethyl acetate extract prepared from Purified extract (GPC eluate) prepared from blank apples
blank apples (seSection 2.3.Lwere evaporated to dryness by the procedures iBections 2.3.1-2.3.@as dissolved in
and the residue was then dissolved in 4 ml of standard solu-1 ml of calibration mixture in toluene (£) and analyzed by
tion in ethyl acetate:cyclohexane (1:1, v/v)g3eeSection gas chromatography (s&ection 2.3.R
2.1). The sample was analyzed by procedures described in
Sections 2.3.2-2.3.3

3. Results and discussion

@ General strategy of this study aiming at estimation of
uncertainties associated with measurement of pesticide

El . . . .
K TP residues in apples involved three basic steps:

[.EXTRAﬁD—F (i) specification of analytical procedure and identification
of potential sources of uncertainty;

(i) quantification of uncertainty components;
(iii) calculation of the combined standard uncertainty.

(PLgel. ethyl a exane, 1:1,
— purified extract — evaporation of

Two alternative approaches mentioned in Introduction
rore. U(R )one were tested and compared in this study. The results are
i summarized below.

GAS CHROMATOGRAPHY
ECD. NPD. MSD (quadrupolefion trap

analyzer)

3.1. The “bottom-up” approach

roc (R )ee Adopting this approach we considered the fact that under

i real-life conditions, uncertainty of each individual analyti-

1 . . .

! cal step consists of its random and systematic component
® Vv oy (“error”). Each of this type of component was quantified

RESULT . . . .

and incorporated into the combined standard uncertainty. In
Fig. 1. Uncertainty components associated with the analytical method. faF’t’ there are r_nc_';lny pOtent'aI sources Of_ uncertam_ty V\_’hICh
E1s arrows show the phase of analytical procedure in which spiking aris€ from individual phases of described multiresidue
by selected pesticides was carried out-3 are repeatabiliies (uncer- — method. Besides all gravimetric and volumetric steps (sam-
tainties type A, random errors) obtained in experimenissEu(R)1— ple weighing, dilution of sample extracts, uncertainty of
are uncertainties of recovery (uncertainties type B, systematic errors) yo1yme of GPC loop, etc.) there are many other operations
obtained in experimentsiE;s. rex, repc rec are repeatabilities associ- d fact ti h | t ts. t t
ated with extraction, clean-up and GC stepfR)ex, U(R)cpc, U(R)cc and ftac .Ors (evapora lon o sample exirac ,S’ emperaiure,
are uncertainties of recoveries of extraction, clean-up and GC steps, €C.) Which contribute to the overall uncertainty. However,
individually. detailed exploration and evaluation of all these uncertainty

GC CALIBRATION
(calibration linearity, purity of
standard, diluting, weighing)

| O ’I‘ O 'I‘ |E |
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sources is complicated and impractical. Therefore the de-
cision was made to evaluate uncertainties of three basic
analytical steps (extraction, clean-up, GC measurement)
without further evaluation of sources which are incorporated
into them. In fact, this methodology represents a bottom-up
strategy, where principal steps (extraction, clean-up and GC

measurement) are considered as “black sub-box” treated in

the “top-down” way—as there are uncertainty sources that
cannot be easily quantified in an individual way. When con-
sidering the uncertainties associated with GC calibration,
the “bottom-up” approach was fully adopted and there-
fore, uncertainties of weighing and diluting the pesticide
standards together with uncertainties of purity of standards

were evaluated and calculated. Uncertainty associated with Chiorpropham

calibration linearity is also discussed.

3.1.1. Uncertainty of extraction, clean-up and GC
measurement

3.1.1.1. Random components (“random errors”) of uncer-
tainty. Inthe present study, the random errors of extraction,

ica Acta 520 (2004) 245-255 249
Table 3

Repeatabilities obtained in experimentsf£and calculated repeatabilities
of extraction, clean-up and GC steps

Pesticide Detection rq ro rex repc rfoc =r3?
(%) () () () (%)
Pyrethroides
B-Cyfluthrin ECD 7.5 4.7 59 4.0 25
Bifenthrin ECD 7.3 4.1 6.0 14 3.8
Cypermethrin  ECD 7.9 3.9 69 22 3.2
Deltamethrin ECD 13.1 53 119 28 4.5
Fenvalerate ECD 9.5 4.2 85 14 3.9
Permethrin ECD 10.2 4.4 92 32 3.1
Carbamates
Carbaryl NPD 8.7 7.5 44 4.0 6.4
NPD 9.7 8.6 44 47 8.2
Fenoxycarb NPD 8.5 7.2 45 24 6.8
Propham NPD 9.8 8.1 54 31 7.9
Azoles
Bitertanol ECD 11.2 9.5 6.0 4.9 8.1
Fenarimol ECD 12.8 57 115 28 4.9
Prochloraz ECD 215 96 193 33 9.0
Tebuconazole ECD 193 137 135 74 115

a SeeEq. (3)

clean-up and GC determinative steps were approximated by

relative standard deviations (R.S.D., %) which were calcu-
lated from repeated determinations of analytes=(6), ob-
tained in experiments {£3 shown inFig. 1 It should be
noted that repeatabilitiesi—3 are not independenty( in-
cludesr; andrs, r2 includesrs).

To determine random components of uncertainty (ex-

pressed as repeatabilities), which can be separately assigne

to extraction, clean-up and GC stepsyx, repc fcc, See
Fig. 1) following Egs. (1)—(3)were used:

VEX(%):\/V%_réPC_réC (1)
repc(%) = \/rd —rge (2)
rec (%) = \/% =r3 €)

The results are summarized Table 3

Values ofr1 repeatability (i.e. R.S.D. of whole procedure,
seeTable 3 ranged from 7.3% to 13.1% for most of com-
pounds at spiking level 0.040-0.163 mg/kg. Such results are
comparable with those reported in similar validation studies
[15-18] In presented study only prochloraz and tebucona-
zole showed higher; repeatabilities (21.5% and 19.3%,
respectively). In case of prochloraz calculation of repeata-
bilities associated with individual analytical steps enabled
to identify extraction as the critical step as regards random
error, since its repeatability represents the highest contribu-
tion to the overall repeatabilitg .

Relatively poor values of GC repeatabilitgc identified
for prochloraz and tebuconazole (Seble 3 were probably
due the tailing of their peaks what may result in inaccurate
integration of their areas.

As shown inFig. 2 rather high values of GC repeatabil-
ity (compared to pyrethroides) were also obtained for car-

bamates. This is probably caused by difficulties occurring
during transfer of these analytes from injector onto ana-
lytical column. Matrix induced chromatographic response
enhancement (“matrix effects”) reported by several authors
[19-22] are mainly caused by thermodegradation of these
8ompounds in hot GC injector.

3.1.1.2. Systematic components (“systematic errors”) of un-
certainty. Systematic components of uncertainty were es-
timated on the basis of recoveries obtained ingFexper-
iments (seeSection 2.4 Fig. 1). Responses of analytes in
each batch of matrix containing samples were compared with
those obtained in standard mixture in net solvent (toluene)
containing the same concentration of respective analyte. Un-
certainties of these apparent recoverigdR]1—s] were de-
rived from rectangular distribution usirteg. (4)

0.5 x (100— Rg,_)

u(R)1—3 (%) = (4)
V3
14"
12
S
g MEpyrethroides
g Ocarbamates
L
@ Oazoles
extraction  clean-up GC

Fig. 2. Repeatabilities of extraction, clean-up and GC steps (average
values for groups of pesticides).
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where Rg,_, is recovery of particular analyte in respective
experiment E—.
Individual uncertainties associated with (i) recovery of

R. Sepdn et al./ Analytica Chimica Acta 520 (2004) 245-255

solid phase dispersion technique and dichlormethane as elu-
tion solvent, Gelsomino et aJ24] reported recovery 86%
for spiked sample of melon extracted by acetone followed

extraction and (ii) recovery of clean-up were calculated using by liquid—liquid partitioning with dichloromethane.

Egs. (5)-(7)

U(R)EX (%) = \Ju(RZ — u(R)pe — u(R)Z¢ (5)
u(R)epc (%) = \/u(R)3 — u(R)%c (6)
u(Rge (%) = /u(R)3 = u(R)3 @)

whereu(R)ex represents uncertainty of recovery of extrac-
tion, u(R)gpc uncertainty of recovery of GPC clean-up and
U(R)gc uncertainty of recovery of GC (resp. uncertainty as-
sociated with matrix effects).

Recoveries determined in experimentsdand system-
atic components of uncertainty calculated udtug. (5)—(7)
are summarized iffable 4

As shown in Table 4 values of u(R); uncertainty
(i.e. uncertainty of recovery associated with the whole
procedure—experimentifEranged from 2.9% to 8.4% for
most of compounds. The highest valuesuéR); and also
u(R)ex (i.e. uncertainty of recovery associated with extrac-
tion) were obtained for prochloraz. This is probably due to
partial ionization of this compound Kp, = 3.8,[14]) hence
its poorer extractability from acidic matrix. Our recent expe-
rience show possible solution of this problem in increasing
the pH value of matrix before ethyl acetate extraction by
adding NaCOQO;s solution (recovery increases to 84% at pH

= 7). Results of other studies indicate that using alternative
extraction set-up may lead to better recoveries of prochlo-

raz. For instance, Blasco et gR3] achieved recoveries
80-101% for prochloraz extracted from oranges by matrix

Table 4

reaL (%) =

Pyrethroides generally showed slightly lower recoveries
of GPC clean-up (se®able 4, which lead to higher values
of systematic component(R)gpd] of GPC uncertainty. The
reason is, that chromatographic band of this group of ana-
lytes on PLgel column is not completely separated from co-
extractives (the molecular weight of pyrethroides is higher
compared to other pesticides). To avoid unacceptable pene-
tration of matrix components into fraction of pesticides, the
front part of pyrethroides fraction eluted from the gel col-
umn has to be sacrificed.

It should be noted that rather worse recoveries could be
obtained in analysis of incurred residues compared to spiked
samples. Unfortunately, no such material (e.g. certified ref-
erence material or proficiency test sample) was available for
our experiment.

3.1.2. Uncertainty sources associated with GC calibration

Besides of the above-discussed phases of the analytical
process, there are also other potential sources of error that
may contribute to the combined standard uncertainty. Within
the “bottom-up” approach, uncertainties of several other op-
erations and procedures potentially influencing the result of
analysis were explored.

Attention was paid to weighing and diluting of the ana-
lytical standards as well as their purity.

3.1.2.1. Uncertainty of weighing.The random component
(reaL) of this operation was calculated usikgj. (8)

SD.w

x 100

(8)

ma

Recoveries of extraction, clean-up and GC steps and associated uncertainties

Pesticide Detection Rg, (%) Rg, (%) Rg; (%)  u(R)1 (%)  u(R)2 (%) u(REex (%) uRerc (%) U(Rec = u(R)s? (%)
Pyrethroides
B-Cyfluthrin ECD 71 80 98 8.4 5.9 6.0 5.8 0.7
Bifenthrin ECD 79 81 100 6.2 5.6 2.6 5.6 0.1
Cypermethrin ECD 83 84 97 4.9 4.6 1.6 4.6 0.8
Deltamethrin ECD 81 85 99 5.4 4.3 3.3 4.3 0.2
Fenvalerate ECD 85 89 929 4.3 3.1 2.9 3.1 0.4
Permethrin ECD 82 83 99 5.2 5.0 15 5.0 0.4
Carbamates
Carbaryl NPD 86 97 92 4.1 3.9 1.3 3.0 2.4
Chlorpropham  NPD 90 95 93 2.9 2.4 1.7 1.2 2.0
Fenoxycarb NPD 87 99 97 3.6 1.4 3.4 11 0.9
Propham NPD 73 95 96 7.8 1.5 7.6 0.7 1.3
Azoles
Bitertanol ECD 75 97 98 7.2 0.9 7.1 0.8 0.5
Fenarimol ECD 7 94 96 6.7 1.8 6.4 1.4 1.1
Prochloraz ECD 57 94 94 12.3 7.6 9.7 5.0 1.6
Tebuconazole ECD 72 94 99 8.1 1.7 7.9 1.7 0.3

a SeekEq. (7)
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Table 5
Random and systematic components of uncertainty of weighing
Pesticide reaL (%) opaL (%)
Pyrethroides
B-Cyfluthrin 15 0.05
Bifenthrin 2.1 0.07
Cypermethrin 1.2 0.04
Deltamethrin 1.4 0.05
Fenvalerate 1.0 0.04
Permethrin 15 0.05
Carbamates
Carbaryl 1.2 0.04
Chlorpropham 0.8 0.03
Fenoxycarb 1.9 0.07
Propham 0.7 0.03
Azoles
Bitertanol 2.9 0.10
Fenarimol 3.1 0.11
Prochloraz 2.4 0.08
Tebuconazole 2.2 0.08

where S.Dy is standard deviation of repeated weighings (
= 6) of empty volumetric flask\ = 10 ml) which was used
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As shown in the above paragraphs, both components of
uncertainty of dilution were dependent only on the specifi-
cation of volumetric flask (volume and confidence interval
provided by supplier) and therefore were the same for all
tested compounds. Valuesmgfi. andop)_, resp. calculated
using Egs. (10) and (11yvere 0.07% and 0.14%, respec-
tively.

3.1.2.3. Uncertainty of purity of analytical standards.
Since the uncertainty of standard purity was not declared
in certificate provided by supplier, a decision was taken to
replace it by the estimation given i8q. (12)derived from
rectangular distribution:

0.5 x (100— y)
V3

wherey (%) represents the purity of standard given in the
manufacturer specification (s&able J). It should be noted,
that concentration of pesticides in stock and calibration so-
lutions were not corrected for standard purity (its value for
all standards was 97%, with exception of cypermethrin).
As shown inTable § uncertainties associated with pu-

ustp (%) = (12)

for preparation of stock solution of respective compound and rity of pesticide standards did not exceed 1% for most
ma is the amount of pesticide standard used for preparationof compounds. Cypermethrin (s@able 1) represents ex-

of stock solutionY = 10 ml). Values ofna ranged for tested
pesticides from 17.3 to 74.2 mg.
The systematic componentga ) of uncertainty of

ample of analyte for which standard with purity only
91% was available. Accordingly, related uncertainty is
relatively high. It should be noted that quality of ana-

weighing was calculated for each compound according to |ytical standard is given not only by their inherent pu-

Eqg. (9)

ogaL (Y0) = x 100

a
_ 9
X /3 )
wherea is a weighing tolerance declared in the calibration
certificate of balancest0.033 mg). The results are summa-
rized inTable 5

3.1.2.2. Uncertainty of dilution. The random compo-
nent ¢p)_) of uncertainty of dilution was calculated using
Eqg. (10)

SD.
_2>=B 100
mp — mgc

roiL (%) = (10)
where S.Dg is standard deviation of weighing the volumet-
ric flask (v = 10 ml) which was repeatedlyn(= 6) filled
with toluene up to the markyg is the average weight of
equally processed volumetric flask ang is the average
weight of empty volumetric flaskf{= 10 ml, n = 6).

The confidence intervakb of a volumetric flask sup-
plied by manufacturer#£0.025 ml) was used for calculating
the systematic component of uncertairdy,( ); rectangular
distribution was consideredie. (11)

b
V x /3

whereV is the volume of volumetric flask(= 10 ml).

opiL (%) = x 100

(11

rity but also by the quality of certificates obtained from
suppliers.

3.1.2.4. Uncertainty of calibration linearity. Non-linearity

of the calibration curve can be also considered as another
source of uncertainty. Initially, we have proposed the estima-
tion of its contribution based on the correlation coefficient.

Table 6
Uncertainties of purity of pesticide standards
Pesticide usTtp (%)
Pyrethroides
B-Cyfluthrin 0.87
Bifenthrin 0.58
Cypermethrin 2.60
Deltamethrin 0.43
Fenvalerate 0.29
Permethrin 0.72
Carbamates
Carbaryl 0.15
Chlorpropham 0.59
Fenoxycarb 0.44
Propham 0.15
Azoles
Bitertanol 0.58
Fenarimol 0.14
Prochloraz 0.72
Tebuconazole 0.58




252 R. Sepdn et al./ Analytica Chimica Acta 520 (2004) 245-255

Table 7
Summary of combined uncertainties obtained for tested pesticides using the “bottom-up” approach
Pesticide Detection  ucex (%) Ucapc (%) Ucae (%) UcgaL (%) UcpiL (%) ustp (%) Combined uncertaintyy. (%)
Pyrethroides
B-Cyfluthrin ECD 8.4 7.1 2.6 15 0.16 0.87 11.4
Bifenthrin ECD 6.6 5.8 3.8 21 0.16 0.58 9.8
Cypermethrin ECD 7.0 5.1 3.3 1.2 0.16 2.60 9.7
Deltamethrin ECD 12.4 5.1 45 14 0.16 0.43 14.2
Fenvalerate ECD 9.0 34 4.0 1.0 0.16 0.29 10.5
Permethrin ECD 9.3 5.9 3.1 15 0.16 0.72 11.6
Carbamates
Carbaryl NPD 4.6 5.0 6.8 12 0.16 0.15 9.7
Chlorpropham NPD 4.7 2.8 8.5 0.8 0.16 0.59 10.2
Fenoxycarb NPD 5.6 2.7 6.8 1.9 0.16 0.44 9.3
Propham NPD 9.4 2.0 8.0 0.7 0.16 0.15 12.6
Azoles
Bitertanol ECD 9.3 5.0 8.2 2.9 0.16 0.58 13.7
Fenarimol ECD 13.1 31 5.1 3.1 0.16 0.14 14.8
Prochloraz ECD 21.6 6.0 9.1 24 0.16 0.72 243
Tebuconazole ECD 15.7 7.6 11.5 2.2 0.16 0.58 21.0

It came out that this concept is not valid as the correlation residue analysis—sdeqg. (18)
coefficient is a poor measure of the curve-fit quality of het-
eroscedastic daf&5]. As the contribution of the calibration
non-linearity is apparently negligible (despite of the rela- (18)
tively wide range of concentrations), this source of uncer-

tainty has been ignored.

o |2 2 2 2 2 2
uc (%) = \/ucEX +ucepet Uege T UcpaL tUepil T UsTD

As shown inTable 7 summarizing all entries). for tar-

_ ) ) get analytes ranged from 9.3% for fenoxycarb to 24.3% for
3.1.3. Calculation of the combined standard uncertainty prochloraz. As mentioned iSections 3.1.1.1 and 3.1.1.2

Random and systematic components of uncertainty of 5n4 shown irFigs. 3-5 uncertainty of extraction (both ran-

each analytical step were used for calculation of combined yom and systematic components) represents the most im-
uncertainty associated with analytical procedure (extraction, portant source of the combined uncertainty (especially for

clean-up, gas chromatography, weighing, diluting}—see pyrethroides and azoles). Uncertainty of clean-up is signifi-
Egs. (13)—(17) cant for pyrethroides, uncertainty of GC step for carbamates.

ucex (%) = /réy + u(R)gy (13) 3.2. The “top-down” approach

ucapc(%) = /rczspc"‘ ”(R)(ngc (14) This part of our study was focused on experimental eval-
uation of uncertainty sources represented by repeatability
0 5 P of analysis of spiked samples (expressed as relative stan-

uce (%) = /rgc + u(Rgc (15) dard deviation for individual analytes) and uncertainty of

UCBAL (%) =,/ r%AL + o‘éAL (16) GC/ECD: repeatability diluting,
GC/ECD: uncertainty of recovery weighing. purity
2 2
ucpiL (%) = \V7DIL T %D (17)

of standard
whereucex represents combined uncertainty of extraction,
Ucgpc represents combined uncertainty of GPC clean-up,
Ucgc represents combined uncertainty of GC stegsaL
represents combined uncertainty of weighiogg. repre-
sents combined uncertainty of dilution. . —

Combined uncertainties of each procedure (together with clean-i :umemimm&m'. " extraction: uncertainty of

uncertainty of purity of analytical standard, s&able § Tecovery
were used for calculation of combined standard uncertainty rig. 3. Contribution of individual uncertainties to the total uncertainty
Uc associated with analytical method employed for pesticide (average values for pyrethroides).

extraction:
repeatability
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GC/NPD:_repeatability GC/ECD: repeatability
GC/ECD: uncertainty of recovery

GC/NPD: uncertainty of recovery diluting, weighing, purity
of standard

diluting. weighing. purity
of standard

,f/[éf///////////,,/,”,\‘
Hinia

extraction:
repealability

extraction:
repeatability

extraction:
clean-up:. uncertainty of \ . .
repeatability ? clean-up: uncertainty o0 : repeatability extraction: uncertainty

recovery - d
REOVRLY of recovery of recovery

clean-up: uncertainty of recovery

Fig. 4. Contribution of individual uncertainties to the total uncertainty Fig. 5. Contribution of individual uncertainties to the total uncertainty
(average values for carbamates). (average values for azoles).

Average combined standard uncertaintigs, were cal-

recoveryu(R), derived from rectangular distribution using culated as a quadratic mean (21)
Eq. (19)

2 2 2
U1 + Ucro + U3

0.5 x (100— R tenv (%) = (21)
u(R), (%) = %) (19) 3
3 Comparing the data iffable 8 no significant differences
whereR; is a recovery of particular analyte. were detected between combined uncertainties of series

In each experiment (realized as describe@attion 2.4 1-3 (there were not significant changes in performance of
experiment k) the series of six spiked samples (concentra- the method in a long-term period). Also combined standard
tion level 0.040-0.163 mg/kg) was prepared and analyzed.uncertainties were comparable to those obtained by the
Experiment was repeated in 4 months intervals during 1 year.“bottom-up” approach (se&able 7. In fact, “top-down”

Both uncertainty sources were combined to obtain the approach represents simpler and more effective way to

combined standard uncertainty;,, usingEq. (20) calculation of combined standard uncertainty.

e (%) = /8 + u(R)2, (20) 3.3. Repeatabilities of GC analysis using various detectors
wherer,, represents repeatability(R),, represents uncer- For some compounds (carbamates, pyrethroides) the se-
tainty of recovery (series of experimemt= 1-3). lection of detection/confirmation techniqgue may lead to
Table 8

Summary of uncertainties obtained for tested analytes using the “top-down” approach

Pesticide Detection Series 1 Series 2 Series 3 Average combined

uncertainty,ucay %)

ra (%) u(Ra (%) wucn (%) ri2 (%) u(R)2 (%) ucz (%) 13 (%) u(R)s (%) ucs (%)

Pyrethroides
B-Cyfluthrin ~ ECD 7.5 8.4 11.3 9.9 5.9 11.5 11.6 7.2 13.7 12.2
Bifenthrin ECD 7.3 6.2 9.6 4.5 4.8 6.6 5.6 5.8 8.0 8.2
Cypermethrin  ECD 7.9 4.9 9.3 7.2 5.5 9.1 10.8 35 11.3 10.0
Deltamethrin  ECD 13.1 5.4 14.1 9.4 4.2 10.3 12.9 4.9 13.8 12.9
Fenvalerate ECD 9.5 4.3 104 6.5 2.8 7.1 5.7 5.2 7.7 8.5
Permethrin ECD 10.2 5.2 11.5 8.3 5.4 9.9 8.2 4.0 9.1 10.2
Carbamates
Carbaryl NPD 8.7 4.1 9.6 7.4 6.6 10.0 6.5 4.6 8.0 9.2
Chlorpropham NPD 9.7 2.9 10.1 7.7 3.1 8.3 8.3 4.0 9.2 9.3
Fenoxycarb NPD 8.5 3.6 9.2 7.2 3.1 7.9 9.1 5.5 10.6 9.3
Propham NPD 9.8 7.8 125 8.9 34 9.6 14.0 4.9 148 125
Azoles
Bitertanol ECD 11.2 7.2 13.3 11.6 5.2 12.7 13.8 4.0 14.4 13.5
Fenarimol ECD 12.8 6.7 14.4 9.3 9.0 13.0 11.6 5.5 12.8 134
Prochloraz ECD 215 12.3 248 19.4 20.4 28.1 21.4 15.4 26.4 26.5

Tebuconazole ECD 19.3 8.1 20.9 23.2 14.3 27.3 24.2 7.2 25.3 24.6
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Table 9

Repeatabilities of GC measurement using various detectors<MDt detected at studied concentration level, monitored ions and MS—MS conditions—see
Table 29

Pesticide R.S.D. (%)
GC-ECD GC-NPD GC-MS
Quadrupole analyzer lon trap analyzer (mode SIM) lon trap analyzer (mode MS-MS)
Pyrethroides
B-Cyfluthrin 2.5 ND 8.5 12.2 18.7
Bifenthrin 3.8 ND 4.8 6.0 7.2
Cypermethrin 3.2 ND 7.9 11.3 9.4
Deltamethrin 4.5 ND 8.1 11.0 9.9
Fenvalerate 3.9 ND 7.5 7.9 14.1
Permethrin 3.9 ND 6.2 7.2 5.8
Carbamates
Carbaryl ND 6.4 5.1 6.5 8.7
Chlorpropham ND 8.2 3.0 3.4 10.0
Fenoxycarb ND 6.8 4.6 5.7 8.4
Propham ND 7.9 2.7 3.1 115
Azoles
Bitertanol 8.1 ND 8.7 10.2 ND
Fenarimol 4.9 ND 4.9 5.2 ND
Prochloraz 9.0 ND 16.6 15.2 ND
Tebuconazole 11.5 ND 7.5 6.9 ND

SIM = selected ion monitoring.

changes in combined standard uncertainty. The tested decarried out and relative standard deviations were calcu-
tection techniques were conventional (ECD, NPD) and lated (concentration level of analytes,eeSection 2.]

MS (employing quadrupole and/or ion trap as analyzers). Results are summarized Trable 9

In each system the sequence of six injections of matrix  One of the most pronounced differences in repeatability of

samples (prepared in experimend, EeeSection 2.4 was measurement obtained by alternative detectors was noticed
Table 10
Detection limits
Pesticide Detection limityg/ml)
ECD MS
Quadrupole analyzer lon trap analyzer (mode SIM) lon trap analyzer (mode MS-MS)
Pyrethroides
B-Cyfluthrin 0.005 0.020 0.025 0.035
Bifenthrin 0.001 0.015 0.020 0.020
Cypermethrin 0.005 0.020 0.025 0.020
Deltamethrin 0.002 0.020 0.030 0.030
Fenvalerate 0.005 0.020 0.030 0.030
Permethrin 0.003 0.020 0.025 0.020
NPD Quadrupole analyzer lon trap analyzer (mode SIM) lon trap analyzer (mode MS-MS)
Carbamates
Carbaryl 0.010 0.005 0.012 0.015
Chlorpropham 0.020 0.003 0.008 0.025
Fenoxycarb 0.010 0.005 0.010 0.012
Propham 0.020 0.002 0.005 0.025
ECD Quadrupole analyzer lon trap analyzer (mode SIM) lon trap analyzer (mode MS-MS)
Azoles
Bitertanol 0.010 0.010 0.015 0.085
Fenarimol 0.005 0.010 0.010 0.115
Prochloraz 0.030 0.050 0.050 0.200
Tebuconazole 0.010 0.020 0.020 0.095
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