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Applying Supersaturated Experimental
Designs to the Study of Composite
Sampling for Monitoring Pesticide
Residues in Water

The authors propose the use of supersaturated experimental designs for
composite sampling and demonstrate their efficiency and economy in the
environmental screening of pesticide residues. Because supersaturated designs
are factorial designs in which the number of factors examined exceeds the
number of experiments performed, they provide a direct economy in the
analytical effort expended in screening analytical campaigns. This characteristic
is advantageously applied in strategic sample composition. Results are
compared for two different design matrices: 30 sample specimens in 12
composite samples and 24 sample specimens in 12 composite samples. Both
matrices allow chemists to identify clearly the contaminated sample specimens
and have produced satisfactory estimations of their concentration levels.
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n the past few decades, increasing
attention has been devoted to the
detection and quantification of a
wide variety of organic microcontam-
inants, mainly because of their adverse (that

is, toxic) effects on environmental compart-
ments, food, and human health. Thus, the
number of published papers concerning the
development and application of mul-
tiresidue environmental analysis on pesti-
cides has increased enormously and has
resulted in an extensive bibliography (1-6).
One major field for monitoring water pol-
lutants in the environment is the determina-
tion of pesticide compounds. If not biode-
graded within the soil, these pesticides can
penetrate through the soil profile and cause
pollution in ground water. These agents can
persist for years, thus representing a possible
risk where ground water is the source of
drinking water (7). Legislation or control
regulations (8,9) concerning pesticides in
drinkable water samples accepts 0.5 mg/L
for total pesticides and 0.1 mg/L for individ-
ual pesticides (0.03 mg/L for heptachlor,
aldrin, and dieldrin). The American Food
Quality Protection Act (10) would ensure
that all pesticides meet new safety standards.
More than 9000 pesticide uses must be
assessed by 2006. Extensive monitoring ana-
lytical campaigns currently are performed in
most developed countries and must be con-

tinued in the future. Advances in the analyt-
ical methodology that can decrease the time,
effort, and costs in these campaigns will con-
tribute to a safe environment and sustainable
development.

Improvement of the selectivity and devel-
opment of reliable confirmatory techniques
are adequate approaches for eliminating false
positive results. Pesticides always contain
several heteroatoms in their molecules.
Therefore, from the early days of pesticide
residue analysis, selective detection methods
were applied successfully in gas chromatog-
raphy (GC) analysis. Inexpensive electron-
capture detection (ECD) made it possible to
detect the chlorinated hydrocarbon pesti-
cides (11,12) at very low levels. Additionally,
major advances have been made in the devel-
opment of techniques and methods, leading
to minimization of the analysis time by sim-
plification of sample preparation procedures
and increasing the sample throughput by
automation. Efforts also have been focused
on reducing the consumption of hazardous
solvents as this is essential for environmental
safety. Trace enrichment via nonselective
solid-phase extraction (SPE) currently is the
preferred approach for its easy automation
and the decreased need for organic solvents
(6,13). Among others, SPE adsorbents using
graphitized carbon black (14,15) and
divinylbenzene plus N-vinylpyrrolidone
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Figure 1: Schematic representation of the strategic sample composition process.

copolymer cartridges (16,17) have been
applied successfully to multiresidue precon-
centration of pesticides in water samples.
Another efficient way to increase sample
throughput is to pool and homogenize two
or more specimens (primary sampling units,
sometimes called “discrete” samples) into a
composite or mixed water sample. Replicate
composite samples usually are taken within
each group or sampling station being com-
pared (18). Since the introduction of this
strategy during World War II, many applica-
tions have been developed, including those
where the amount of a substance must be
measured, and not just the presence or
absence of the substance determined (19). In
conventional sample composition, if the
composite sample turned out positive, all of

the individual samples in the composite
would be analyzed. On the contrary, if the
composite sample appeared negative, testing
would stop, concluding that all of the dis-
crete samples included in the composition
were negative and one lab test would be
required (20).

Composite samples often are used in envi-
ronmental studies to reduce analytical costs
by decreasing the number of expensive tests
that must be performed and to obtain esti-
mates of average conditions at lower cost
than by using the average of measurements
on each discrete unit (18,21). However, it is
evident that in using conventional sample
composition, important information on the
individual discrete samples is lost. In some
instances, this loss of information could lead
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to a significant underestimation of the risk
posed by the contaminant (21).

Recently, a new method for sample com-
position called strategic sample composition
(24-26) has been developed and applied
successfully to environmental screening
studies. Strategic sample composition makes
extensive use of supersaturated design matri-
ces (27-30) to prepare composite samples
and to evaluate the concentration level of the
analytes in the original sample specimens.
This is done through the analysis of the
composite samples formed without the need
to reanalyze the original sample specimens.
The fundamentals of strategic sample com-
position have been detailed elsewhere
(24,25) and have been depicted schemati-
cally in Figure 1. In strategic sample compo-
sition, composite samples are prepared by
following the directives of supersaturated
matrices rather than by simple mixing of the
original sample specimens. Strategic sample
composition matrices have as many rows as
experiments (the composite samples Cgy,
Csy, - . . Cg,) to be performed and as many
columns as original sample specimens to be
handled (the discrete samples Sy, S,, . . .
Symp)- The matrix uses the common 0 and 1
coding, meaning that a particular sample
specimen (§;) will be present (state 1) or
absent (state 0) in any particular composite
sample (Cg,). For example, in the scheme of
Figure 1, this means that the sample speci-
men S will enter in the composite samples:
CSb C53, e CSnZ 25 and CSn' Note that
sample specimens entering the composite
samples need not enter in the same propor-
tion. Composition sampling involving vari-
able proportion of discrete sample speci-
mens is important in many environmental
and geochemical studies (31). It can be seen
that only the Cg,, composite sample will host
all the original sample specimens.

Thus, the Cg,, composite sample has two
important particularities compared to the

Table I: 12-30 Sample composition matrix used in the analysis of pesticide residues in water samples belonging to Sample Set 1

Gs1 01 0 0
Cs2 00 0 1
Cs3 1 0 0 0
Gy 10 1 0
Css 01 0 0
Cse 00 1 1
Gy 0 0 1 1
Css 01 0 0
Csg 1 0 0 0
Gs1o 11 11
Cs11 DL F
Gs12 11 1 1
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Figure 2: Device for the automatic preparation of liquid composite samples following strategic sample composition principles.

remaining composite samples formed.
Firstly, Cg,, is a conventional composite
sample in the sense that all the original spec-
imens have been mixed in one composite
sample. Secondly, Cg, will represent the
maximum dilution in the sample composi-
tion process. Because of this characteristic,
this composite sample must be analyzed
first. If the analysis of this composite sample
produced negative (background) results we
can derive that no original sample specimen
in this set was polluted and the remaining
composite samples can be discarded with-
out being analyzed. On the contrary, if the
Cg,, sample appears positive, the remaining
Cs1,2 15amples must be processed. The sec-
ond characteristic of the Cg, sample, the
dilution, must be considered at the time of
selecting the composition matrix (that is,
the number of columns) to avoid false neg-
atives due to excessive dilution. For the
same reason, it is advisable to carry out the
analysis of this Cg, sample at least twice,
while the remaining samples need to be ana-
lyzed only once due to robustness character-
istics derived from the design matrix
(24-26).

When all the composite samples have
been processed, we will have a vector of 7
analytical responses (R, Ry, . . . R,) that
gives direct information about the compos-
ite samples but not about the original sam-
ple specimens. To estimate the concentra-
tion level for analytes in the original sample
specimens, this vector of results must be
submitted to regression. Supersaturated
matrices need special regression procedures

(23,32), and evolutionary driven regression
(23) has produced excellent results in strate-
gic sample composition practical situations.
The information produced in the regression
process corresponds to concentration levels
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Figure 3: Input form in the Gamich software for designing the automatic sample composition

process.

for the analytes in the original samples with
the obvious advantage that these original
samples actually have not been analyzed on
an individual basis. Moreover, because

specimens. This is the enormous advantage
of strategic sample composition compared
to conventional sample composition: strate-
gic sample composition using supersatu-
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Table II: 12-24 Sample composition matrix used in the analysis of pesticide residues in

water samples belonging to Sample Set 2

Cs1 00010111000
G, 00011000111
Cs3 01 0100O0OO0OT1TTO
Cos 01101010000
Css 10000101100
G 00100101011
Cs7 10001010010
Gg 00100011101
Cso 171700110000 1
CGp 1 1110000 O0O01
CGpn 11111111110
CGp, 1T 1111111111

—_O s . 0000 O —

coo01T1t101T1T 110
100101010111
010010101001
0601100100 T1TT1T11
1t 110100 101 01
0011701100001
1T0111017T01010
1170000110010
oooo0o001T1T1T 100
111111000000
0000O0OOOOGOOO OO
Tt1T 111111111

rated matrices can be applied under the
assumption that the number of polluted
original sample specimens is low compared
with the total of sample specimens that
need to be analyzed (effect sparsity or Pareto
principle). This type of situation is common
in many environmental screening cam-
paigns (21). Otherwise, the use of conven-
tional screening matrices (for example,
Plackett-Burman design matrices [33]) is
advisable (26).

In this paper, supersaturated experimen-
tal designs were applied to the study of
composite sampling for the analysis of
organochlorine pesticides in water samples.
In this study, two batches of 30 and 24 tap-
water sample specimens were screened for
the presence of nine organochlorine pesti-
cides (a-BHC, g-BHC, heptachlor, aldrin,
dieldrin, 4,49DDT, endrin ketone, a-
endosulfan, and endrin). Also evaluated was
the concentration level of each pesticide in
the original discrete water samples. The
main advantages of strategic sample compo-
sition are well appreciated when the sample
composition is run under full automation
conditions and the strategic sample compo-
sition technique is combined with sample
preparation procedures, allowing the easy
and rapid handling of reasonable sample
volumes. Because of this, the work here
compares two SPE materials (graphi-
tized carbon black and divinylbenzene—
vinylpyrrolidone copolymer), followed by a
GC-ECD procedure for determination of
pesticide residues in the composite water
samples prepared in a specially developed
fully automatic device.

Experimental

Materials: The organochlorine compounds
(a-BHC, g-BHC, heptachlor, aldrin, dield-
4,49DDT, endrin ketone
obtained from Supelco (Bellefonte, Pennsyl-
vania), and a-endosulfan and endrin were

rin, were

obtained from Riedel-de-Haén (Seelze-
Hannover, Germany).

Stock standard solutions of 100 mg/L of
each compound were prepared in methanol,
except endrin ketone, which was prepared
in 1:1 (v/v) toluene—hexane. Working stan-
dard solutions were prepared by dilution
with 9:1 (v/v) methylene chloride—
methanol and with ethyl acetate according
to the SPE sorbent to be applied in the sam-
ple preparation process. All solutions were
stored at 2 18 °C.

Methanol, acetonitrile and ethyl acetate
(HPLC grade), acetic acid (100%), acetone
and z-hexane (for trace organic analysis),
and ascorbic acid were from Merck (Darm-
stadt, Germany). Methylene chloride (for
pesticide residue analysis) was supplied by
Scharlau (Barcelona, Spain) and toluene
(super purity solvent) was supplied by
Romil (Cambridge, United Kingdom).

Sample preparation: Two water-sample
batches were prepared by taking a sufficient
amount of water and analyzing it for the
considered pesticides. Once we verified that
the water did not give appreciable signals of
any of the pesticides, a number of identical
1-L sample specimens were taken from this
analyzed water. Individual sample speci-
mens were numbered and some of them
randomly chosen and spiked with variable
levels of some of the considered organochlo-
rine pesticides.

Sample Set 1: Sample Set'1 was formed
by 30 sample specimens with pesticides at
concentrations as high as 1000 ng/L. Spik-
ing was performed to produce three levels of
pollution in samples, one of them below the
maximum residue limit accepted by the
European Norms (8). To prepare the corre-
sponding composite samples, the composi-
tion matrix shown in Table I was used. Due
to volume limitations, composite samples
were prepared by manually mixing equal
volume aliquots (50 mL) of the original
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Figure 4: Comparative results for (a) a-BHC,
(b) a-endosulfan, and (c) dieldrin in Sample Set
1. Expected 5 concentration expected in sam-
ple specimens on the basis of the spiked
amount of pesticide; Found (indiv) 5 actual
concentrations of spiked sample specimens
measured individually; Predicted 5 results pre-
dicted by the strategic sample composition
method using the design matrix in Table I.

sample specimens. Finally, all the composite
samples were diluted to the same volume
(1.5D).

To have comparative results, not only
were the composite samples prepared, but
the individual sample specimens spiked
were processed and analyzed as well. Sample
Set 1 processing was performed with
graphitized carbon black (ENVI-Carb,
Supelco) cartridges. Cartridges were condi-
tioned by washing with 5 mL of 9:1 (v/v)
methylene chloride-methanol, followed by
2 mL of methanol and 15 mL of a 10-g/L
ascorbic acid solution. The SPE method
involves passing water samples through the
cartridge under vacuum for adsorption of
the pesticides. After the total 1.5-L sample
was passed through the cartridge, the pump
was_disconnected and residual water was
removed from the cartridge by letting nitro-
gen pass through it for 15 min. After the
cartridge was turned upside down, nitrogen
was passed through it for a further 20 min.
Then the analytes were back-eluted by pass-
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Figure 5: Comparative results for (a) a-BHC,
(b) a-endosulfan, and (c) dieldrin in Sample
Set 2. Expected 5 concentration expected in
sample specimens on the basis of the spiked
amount of pesticide; Found (indiv) 5 actual
concentrations of spiked sample specimens
measured individually; Predicted 5 results pre-
dicted by the strategic sample composition
method using the design matrix in Table II.

ing 9:1 (v/v) methylene chloride-methanol
solution through the cartridge, and the elu-
ate was concentrated to approximately 0.5
mL in a TurboVap II Station (Zymark,
Hopkinton, Massachusetts) and exactly
diluted to 1 mL with the eluent phase.
Sample Set 2: Sample Set 2 was formed
by 24 specimens. In this case, spiking was
made to obtain concentration levels of up to
350 ng/L in sample specimens. Some sam-
ples resulted below the European maximum
residue limits (100 ng/L for individual pes-
ticides), while others were above these lim-
its. Sample Set 2 was processed using the
automatic device shown in Figure 2, sup-
plied by Crison Instruments (Barcelona,
Spain). Equal volume aliquots of 12.5 mL
were taken from the original sample speci-
mens and composed according to the design
matrix of Table II. Composite samples were
not made to any particular final volume.
Composition software accounted for the
composite sample volumes, although the
possibility of diluting these samples exists.

Composite samples of 200 mL (as well as
the individual spiked specimens for com-
parative purposes) were extracted with
divinylbenzene—vinylpyrrolidone copoly-
mer cartridges (Oasis-HLB, Waters Corp.,
Milford, Massachusetts). Before processing
water samples, the pH of the sample was
adjusted to 3.5 with concentrated acetic
acid. The cartridges were conditioned with
2 mL of methanol, followed by 2 mL of
ultrapure water (produced by a Milli-Q sys-
tem from Millipore Co., Bedford, Massa-
chusetts). Cartridges were dried with a
nitrogen stream for 30 min. Analytes were
eluted with 3 mL of ethyl acetate. The sol-
vent was evaporated to dryness by nitrogen
stream, and then the dry extract was taken
off by 40 mL of the 9:1 (v/v) methylene
chloride—methanol mixture.

GC-ECD conditions: A model 5890 Series
II' Plus " gas chromatograph (Hewlett-
Packard, Palo Alto, California) was used. It
was equipped with a split-splitless capillary
injection port, an electron-capture detector,
and an HP 7673 automatic injector.

In all experiments, the analytical column
was a Supelco 30 m 3 0.32 mm capillary
column coated with a 0.25-mm layer of
SPB-5.

The injector was set at a temperature of
250 °C and was used in the splitless mode
(purge time 60 s and splitting ratio 1:9).
The detector temperature was 285 °C. The
injection volume was 3 ML. The carrier and
makeup gas was nitrogen (Carburos Metdli-
cos, La Corufia, Spain) at flow rates of 3.6
and 31 mL/min, respectively. The GC oven
temperature program was set as follows: ini-
tial temperature 100 °C for 2 min, increased
3 °C/min to 230 °C (no initial time), then
increased 10 °C/min to 280 °C, then
280 °C for 10 min.

Software:
applied in this study were produced with
the a programs package (Superga) specifi-
cally devised for building supersaturated

Supersaturated  matrices

matrices adapted to strategic sample com-
position (22). A large number of supersatu-
rated matrices and methods for its construc-
tion can be found in the statistical literature
(29,30,34), although most of them are not
suited for strategic sample composition. For
evolutionary regression of strategic sample
composition experiments, a dedicated pack-
age (Gamich) was used (23). These software
packages were developed and implemented
in the laboratory using CA-Realizer 3.0A
(Computer Associates, Islandia, New York)
programming language.

www.chromatographyonline.com

Results and Discussion

Figures of merit of the determination pro-
cedure: A very important aspect in the
practical application of strategic sample
composition is the selection of the design
matrix to be used for sample composition.
As described in the introduction, the num-
ber of columns in the design matrix is
equivalent to the number of sample speci-
mens to be accounted, while the number of
rows in the matrix indicates the number of
composite samples to prepare and analyze.
Because the maximum dilution is produced
in the Cg,, composite sample, it is quite easy
to derive the maximum allowed dilution by
considering the number of sample speci-
mens and the proportions ascribed to each
sample specimen in the composite samples.
Thus, the maximum dilution in the compo-
sition experiment will be

ib-ww'x 1

Assuming only one sample specimen was
contaminated just above the maximum
residue limit for a given analyte, the applied
determination procedure must be able to
accurately detect the presence of this analyte
in the Cg, composite sample. In our case,
the analytical procedures were tested for
detection and quantification limits, linear-
ity, and precision (% relative standard devi-
ation). The results corresponding to both
SPE alternatives are shown in Tables I1I and
IV. The calibration plots in the measure-
ment of extracts were drawn in the range of
5-100 ng/mL when method 1 was used and
20-500 ng/mL for method 2. Linear regres-
sion of chromatographic peak area on ana-
lyte concentration afforded equations that
show good linearity over the concentration
ranges studied, passing linearity and lack of
fit tests (95% probability) (35). Acceptable
values of recovery (67—-102% for Sample Set
1 and 93-117% for Sample Set 2) were
obtained. Oasis HLB cartridges provide
better recovery values and reduce sample
and solvent volumes consumption, reduc-
ing the overall process time needed. This
reduction in sample volumes allows the use
of automatic sample-composition devices,
which is a very important practical aspect.
Similar precision was obtained in both
procedures (4.6-9.8% for Set 1 and
2.8-16.4% for Set 2). Detection limits were
calculated as 3 S/N and quantification lim-
its as 10 S/N. These limits are low enough
to ensure that contaminated sample speci-
mens would be detected in spite of the dilu-
tion (1:30 for Set 1 and 1:24 for Set 2) of
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the original samples due to the sample com-
position.

Automation of the Sample
Composition Process

Although strategic sample composition can
be applied without having special software
or automation tools, the automation of the
sample-composition process is of utmost
importance. In the Gamich software, an
option exists to guide composition processes
developed in manual mode. This option
gives detailed messages to users about the
sample specimen to be handled at any
moment, the sample volume that must be
taken, and the composite sample where the
aliquot must be placed. However, the risk of
human mistake is high following a design
matrix when handling a large number of
sample specimens and composite samples,
variable - proportions,
Although strategic sample composition has

and  volumes.
shown impressive robustness (24—26) versus
accidental errors in the analytical measure-
ment of the composite samples, mistakes in
preparing the composite samples often are
critical. Thus, automation of this corner-
stone step warrants the absence of composi-
tion errors while at the same time freeing
the analyst from that tedious task.

The inexpensive device in Figure 2 allows
the easy preparation of composite samples.
It is formed by two identical turntable sam-
plers adapted from automatic titration
devices. Only arms adaptors need small
modifications to prepare composite sam-
ples. The third element in this device is a
standard automatic dispenser fitted with a
10-mL syringe. These elements are con-
trolled by the Gamich software and the
process runs unattended once the analyst
has decided the composition options. Fig-
ure 3 shows the form used to define these
options. The volume of each sample speci-
men to be added in the corresponding com-
posite samples is defined by a fixed base vol-
ume and a proportion value. In this way,
proportional composite samples can be
designed easily. Each sample is assigned a
fixed name that cannot be changed in the
process and another name to easily associate
the sample specimen with the particular
sampling campaign under development.
Additionally, two sample specimens can be
flagged along the process. A flagged sample
means analysts must substitute a sample
specimen with a known blank or a standard.
Obviously, the insertion of known sample
specimens in the process serves as a valida-
tion mechanism. The software knows that
these flagged samples must have special
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Table IlI: Performance of the whole analytical process applied for Sample Set 1 (graphi-

tized carbon black cartridge, using 90:10 [v/v] methylene chloride-methanol as eluent)

a-BHC 18.8 0.9994
g-BHC 21.0 0.9994
Heptachlor 25.6 0.9990
Aldrin 27.8 0.9996
a-Endosulfan 32.6 0.9997
Dieldrin 34.3 0.9994
Endrin 35.5 0.9988
4,4'-DDT 39.5 0.9985
Endrin ketone 414 0.9976

88 6.2 2.1 7.0
102 9.4 1.9 6.5
85 8.4 1.7 5.8
83 9.5 1.8 6.1
87 4.6 1.7 5.7
72 8.2 1.4 4.7
75 6.8 3.1 10.1
80 9.8 1.7 5.9
67 9.4 2.9 9.7

characteristics, but the known concentra-
tion values are not actually entered in the
system. So with regard to the software con-
cerns, these samples are not different from
any other in the set. Also, analysts can
decide if all the composite samples must be
diluted to the same volume or not. Other
practical aspects, such as the rinsing
sequence on sample specimen change and
the cleaning sequence after a sample speci-
men is fully processed, can be defined in
this moment.

The device in Figure 2 allows the han-
dling of 19 sample specimens (the tube in
position 20 is filled with solvent used to
clean the sampler tip, thus reducing sample
carry over) and 19 composite samples (posi-
tion 20 in sampler 2 is occupied by a special
tube having a bottom hole so this position
serves as the collector of rinsing liquids and
sample excess). It is unusual to prepare more
than 19 composite samples, but frequently
it is required to handle more than that. In
this case, the sample composition process
runs in blocks of 19 sample specimens and
the system stops and alerts analysts that they
must substitute the sample specimens tubes
with the new ones before further processing.

The obvious limitation of this automatic
device is the total volume of the composite
samples and the original sample-specimen

holders. Tubes of 200 mL maximum capac-
ity can be handled. Thus, if the final vol-
umes of the composite samples need to be
larger than this value, the manual process
must be applied. Of course, other automatic
devices can be designed to enable the han-
dling of larger volumes using more expen-
sive commercial liquid handlers, but in
many cases, the adequate selection of the
sample preparation technique allows the
utilization of the simple and inexpensive
device shown in Figure 2.

Screening of Pesticide Residues in
Water Samples by Strategic
Sample Composition

As described in the experimental section, to
achieve comparative results, all spiked sam-
ple specimens were analyzed individually
before the composite samples were pre-
pared. Then composite samples were pre-
pared and analyzed following the design
matrix in Tables I and II.

Table V and VI summarize the results of
the composite samples corresponding to the
Sample Sets 1 and 2. These results were
processed using the Gamich software to
obtain the estimated concentration of each
of the nine pesticides in the individual spec-
imens that formed the sample sets.

Predicted versus expected and individu-

Table 1V: Performance of the whole analytical process applied for Sample Set 2 (Oasis-HLB

using ethyl acetate as eluent)

a-BHC 18.8 0.9999
g-BHC 21.0 0.9999
Heptachlor 25.7 0.9995
Aldrin 27.8 0.9999
a-Endosulfan 32.6 0.9999
Dieldrin 343 0.9999
Endrin 35.5 0.9989
4,4'-DDT 39.6 0.9982
Endrin ketone 415 0.9979

95 5.2 0.5 1.5
117 2.8 0.6 2.0
109 4.2 1.0 3.3
95 16.4 0.7 2.4
97 8.4 0.2 0.8
100 4.9 0.2 0.7
110 10.8 1.0 33
93 6.5 3.8 12.8
109 7.3 0.5 1.8
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Table V: Results obtained in the analysis of the composite samples prepared for Sample Set 1 (all concentrations are expressed in ng/L,

nd 5 nondetected)

[ 424 8.80 nd 157 12,5 nd 30.0 384 345
Cs 2338 243 5.4 nd 343 28.1 406 nd 31.0
G 27.4 113 32 8.2 18.6 12.9 315 66.1 15.4
G 37.6 2838 150 159 22.1 27.5 28.1 38.7 7.9
Css 121.9 39.2 15.4 8.9 526.8 316 nd 42 113
G 419 4.0 6.1 8.5 9.1 12.6 14.1 574 465
Csy 329 1513 31 135 313 4238 338 68.4 5.3
Css 9.2 3.9 19.9 nd 11.4 472 50.1 223 17.7
G 49.1 nd 204 162 12,5 nd 12.4 238 314
GCs1o 51.4 11.0 19.7 7.8 10.9 13.3 15.6 nd 29.7
Cs11 93 60.2 34 137 449 nd 44 2238 12.0
G 1436 66.1 218 227 60.7 496 58.6 75.5 59.7

ally found concentrations in the original
sample specimens have been compared in
the graphs of Figures 4 and 5 for a-BHC,
a-endosulfan, and dieldrin, which are rep-
resentative of the less favorable results
obtained. In general, spiked sample speci-
mens are actually detected as contaminated
sample specimens by the strategic sample
composition technique, although small false
positives are present. Also, good estimates of
the concentration values for the really pol-
luted sample specimens are shown. The
classification of a particular predicted con-
centration value as false positive or false
negative requires additional consideration.
We can establish criteria based on limits of
detection or quantification. Logically,
strategic sample composition gives numeri-
cal outputs in the form of predicted con-
centrations for the individual sample speci-
mens that can be judged in terms of the
practically attainable detection or quantifi-
cation limits. Values above these limits must
be considered as positives, whereas below
these limits, noise and sample specimens
must be classified as negatives. Of course, if

any sample specimen contains the analytes
at a higher level than limits of detection or
quantification, and the strategic sample
composition prediction is zero or negligible
(less than the limit of detection or quantifi-
cation), a false negative is produced. On the
contrary, if a sample specimen did not con-
tain the analytes and strategic sample com-
position gives a numerical output higher
than the limit of detection and quantifica-
tion, a false positive is present.

However, from a practical point of view,
the only way to evaluate the presence of
false positives or false negatives in a strategic
sample composition experiment is to ana-
lyze each individual sample specimen so
that any attempt to evaluate these figures
will disappoint the use of strategic sample
composition. Instead, for practical pur-
poses, the allowable maximum residue lim-
its define the borderline of false positives
and negatives. For example, in the case of
pesticides considered inthis study, the
European limit is 100 ng/L for each indi-
vidual pesticide. Thus, strategic sample
composition outputs around this value will

mark sample specimens suspected of being
polluted. Of course, significantly higher val-
ues will mark clearly polluted samples and
values below this limit will mark unpolluted
samples. Thus, we can consider a band
around the legal limit that will define the
course of action with samples. Samples pre-
dicted within this band probably should be
reanalyzed individually to confirm pollu-
tion, while samples predicted outside this
band do not require any additional confir-
mation.

Using these criteria, the proportions of
false positives and false negatives, as well as
full success proportions in prediction, have
been calculated and summarized in Table
VIL In the case of using maximum residue
limits, a band of 30% around the limit was
established in calculations.

From a practical point of view, it is clear
that results for Sample Set 1 appear worse
that for Sample Set 2. To understand the
differences shown in Table VII for both
sample sets, it should be noticed that design
matrices were selected in both cases with an
eye toward making sure that dilution in the

Table VI: Results obtained in the analysis of the composite samples prepared for Sample Set 2 (all concentrations are expressed in ng/L,

nd 5 nondetected)

Cs1 nd 28.7 10.2 6.2 nd 5.6 13.7 13.9 18.3
Csy 18.8 8.9 nd 4.8 49 14.5 12.8 nd 18.6
Cs3 nd nd nd nd 14.8 nd nd nd 6.4
Csy 34.9 nd nd nd 15.6 12.9 8.6 21.9 253
Css 13.2 30.6 16.9 4.2 5.9 34.6 13.5 23.8 19.9
Cs 14.7 35.8 15.4 5.3 nd nd nd 253 nd
Cs7 37.6 10.9 nd 4.5 5.7 26.7 8.6 20.5 nd
Csg nd nd 18.2 4 6.5 324 13 16.6 nd
Csg 30.4 32.1 11.4 44 17 11 21.9 nd 33.1
Cs10 12.7 10.6 nd 4.2 21 323 nd 18 6.1
Cs11 33.9 337 234 nd 19.2 nd 9.7 18.9 8.2
Csm 17.8 15.4 4.7 2.5 10.7 15.5 9.9 11.6 13.8
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Table VII: Evaluation of efficiency of SSC predictions for Sample Sets 1 and 2 in terms of

false positives and false negatives percentage

LODs LOQs
(Table IllI) (Table IlI)

Full success (%) 79.3 83.0 95.6 95.8 95.8 99.1
False positives (%) 20.0 16.3 4.1 4.2 4.2 0.0
False negatives (%) 0.7 0.7 0.3 0.0 0.0 0.9

MRLs
(reference 8)

LODs LODs MRLs
(Table IV) (Table IV) (reference 8)

composition process would not compro-
mise the detection and quantification of
analytes in the composite samples. If we
look at the Table III figures, we can see that
for Sample Set 1, the dilution-applied as a
consequence of the 12:30 design matrix
used allows the detection of all the pesti-
cides considered. However, all of them fall
below the quantification limits. On the
other side, Table IV shows that in the 12:24
matrix, all pesticides (except 4,49DDT) are
above quantification limits. This means that
in Sample Set 1, experimental errors in the
analysis of composite samples seriously
compromises the strategic sample composi-
tion predictions for sample specimens with
spiked levels close to maximum residue lim-
its, and this influence is shown in the form
of a small percentage of false negatives and
false positives. On the contrary, if the dilu-
tion factor does not compromise the deter-
mination in composite samples, as in Set 2,
strategic sample composition results clearly
are advantageous compared with the indi-
vidual analysis of the sample specimens.
This is because very good estimations of the
concentration levels in the samples is pro-
vided while reducing the cost and the ana-
lytical effort by a factor of 2.

Conclusions

In screening studies, where minimum cost
and analysis time for large series of sample
specimens are critical, strategic sample com-
position is a valuable tool that reduces the
number of analyses to be carried out, thus
producing direct savings in time, cost, and
analytical effort. Depending upon the sam-
ple preprocessing and the allowable quan-
tification limits, smaller or larger design
matrices can be applied to build the com-
posite samples. The presented results clearly
show the importance of the selection of the
sample preprocessing technique. The risk of
false positives and negatives must be bal-
anced with dilution in sample composition
and the reduction of the number of analyses
to be carried out. In general, design matri-

ces with column-to-row ratios of approxi-
mately 2:1 provide excellent performance,
although larger ratios can be advantageously
applied provided low enough limits of
quantification. The use of automatic devices
for unattended composite sample prepara-
tion derives the maximum from strategic
sample composition because it avoids
human errors and tedious working proce-
dures, thus providing increased sample
throughput in practical situations.
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