http://dx.doi.org/10.5935/0100-4042.20150115

Quim. Nova, Vol. 38, No. 7, 884-890, 2015

EVALUATION OF A BUFFERED SOLID PHASE DISPERSION PROCEDURE ADAPTED FOR PESTICIDE

ANALYSES IN THE SOIL MATRIX

Artigo

Valparaiso, Chile

Ana Maria Dominguez**, Mario Funes®, Ximena Fadic®, Fabian Placencia®, Francisco Cereceda” and Juan Pablo Muiioz”
“Departamento de Quimica, Universidad Técnica Federico Santa Marfa, Av. Espafia 1680, Valparaiso, Chile
*Centro de Tecnologias Ambientales, Departamento de Quimica, Universidad Técnica Federico Santa Maria, General Bari 699,

Recebido em 09/12/2014; aceito em 22/05/2015; publicado na web em 06/07/2015

An evaluation of the pesticides extracted from the soil matrix was conducted using a citrate-buffered solid phase dispersion sample

preparation method (QUEChERS). The identification and quantitation of pesticide compounds was performed using gas chromatography—

mass spectrometry. Because of the occurrence of the matrix effect in 87% of the analyzed pesticides, the quantification was performed

using matrix-matched calibration. The method’s quantification limits were between 0.01 and 0.5 mg kg~'. Repeatability and intermediate

precision, expressed as a relative standard deviation percentage, were less than 20%. The recoveries in general ranged between 62% and
99%, with a relative standard deviation < 20%. All the responses were linear, with a correlation coefficient (r) 20.99.
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INTRODUCTION

The world’s population has grown twice over the last 50 years,'
requiring an increase in global food production. To solve these
problem two practices were implemented: greenhouse cultivation to
satisfy the year round demand for some vegetables; and the extensive
use of pesticides to fight against pests and reach production goals.

Over the course of many years, the intensive use of pesticides
led to them becoming environmental contaminants.? Insecticides are
toxic to harmful insects but also to beneficial insects like pollinators;
34 birds, fish, amphibian, and other organisms including humans.>”’
Pesticides can cause ecological unbalance, contaminating soils and
waters (groundwater, rivers and lakes),* by drainage, from agricul-
tural soils and run-off; resulting in the accumulation of contaminants
in different parts of the hydrosphere.'®

Soil is an important resource and in agriculture is the direct
receptor of pesticides which are applied directly to it or by foliar
application. Soil works as the main reservoir for pesticides and other
environmental contaminants.'' The adsorption of pesticides in the soil
is affected by the soil and the pesticide’s physico-chemical properties.
These compounds can be retained in the soil clay and organic matter,
and could affect the uptake of nutrients by plants and the soil fertility.
There are reports about the detrimental effects on the earthworm
population from pesticides like dimethoate (even at doses lower than
those recommended for application)'? and other organophosphates.'3
In addition, some authors report the negative effect on nitrogen-fixing
and phosphorus solubilizing microorganisms by pesticides in conta-
minated soil."* Chowdhury et al, report a reduction of soil microbial
biomass due to the application of pesticides like captan, carbosulfan,
2,4-D, thiram, among other." Lo reports the harmful effects of buta-
chlor on the Azospirillum population and aerobic nitrogen fixers in
non-flooded soil or fenamiphos on nitrification bacterias.'®

On the other hand, the degradation of highly lipophilic and
persistent organochloride pesticides, takes many years generating
breakdown products, sometimes more toxic than their precursors!'”!®
and producing bioaccumulation in some soil microorganisms'® and
thus, in the trophic chain.?

*e-mail: anamaria.dominguez@usm.cl

Many techniques have been used for the extraction of pesticides
from soils, such as: Soxhlet extraction,?! microwave assisted ex-
traction (MAE),?>?® solvent assisted extraction (ASE),** ultrasound
assisted extraction,” supercritical fluid extraction,?? solid phase
extraction (SPE),” among others.

The “Quick, Easy, Cheap, Effective, Robust and Safe”
(QuEChERS) procedure was implemented some years ago, for
the extraction of pesticides in fruits and vegetables. QUEChERS
extraction requires simple and low cost equipments; it’s a fast me-
thod with good results.?® But, with time this solid phase dispersion
methodology has been widely applied to other matrices like soil and
biological samples;***-3! and also to environmental contaminants
such as polycyclic aromatic hydrocarbons (PAHs), polychlorinated
biphenyls (PCBs), benzene, toluene, ethylbenzene, and xylenes
(BTEX), among others.*!'? This procedure has been applied either
alone or in combination with other extractive techniques like super-
critical fluid extraction.?

In our scope was evaluated the simultaneous extraction of
eight pesticides including: two herbicides: 2,6-dinitro-N,N-
-dipropyl-4-(trifluoromethyl)aniline (trifluralin) and 6-chloro-
-N,N’-diethyl-1,3,5-triazine-2,4-diamine (simazine); one fungicide:
3-(3,5-dichlorophenyl)-N-isopropyl-2,4-dioxoimidazolidine-1-
-carboxamide (iprodione); three insecticides: O,0-dimethyl
S-[2-(methylamino)-2-oxoethyl] dithiophosphate (dimethoate),
3-phenoxybenzyl (1RS)-cis,trans-3-(2,2-dichlorovinyl)-2,2-
dimethylcyclopropanecarboxylate (permethrin), O,0-dimethyl S-[(4-
oxo0-1,2,3-benzotriazin-3(4H)-yl)methyl]dithiophosphate (azinphos
methyl) and two persistent organic compounds 1,1,1-trichloro-2,2-
-bis(4-chlorophenyl)ethane (4,4’-DDT) and its main breakdown
product 1,1-bis-(4-chlorophenyl)-2,2-dichloroethene (4,4’-DDE).
DDT was widely used in the 80’s but it could stay in soils for many
years as DDE, due to its persistence. A citrate buffered solid phase
dispersive procedure (AOAC EN 15662), originally employed for
vegetable matrices®® was used to extract pesticides from soil, with
minor modifications. GC/MS-SIR technique was employed for de-
tection and quantification. The procedure validation was carried out
using spiked organic farming soil samples.
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MATERIALS AND METHODS
Reagents

Acetone and acetonitrile (pesticide grade), were purchased by
Fisher Chemical, USA. Pesticide neat standards (> 98% of purity):
dimethoate, trifluralin, simazine, 4,4’-DDT, 4,4’-DDE, iprodione,
azinphos-methyl, permethrin, and the internal standard triphenylphos-
phate (TPP) were obtained from Accustandard, USA. Sodium citrate
dibasic sesquihydrate (>99% of purity for analysis), were acquired from
Sigma-Aldrich-Fluka, Spain and; the Emsure sodium chloride (>99%
of purity), tri-sodium citrate dehydrate (> 98% of purity), and anhydrous
sodium sulphate (>99% of purity) from Merck, Germany. Selectra
PSA (primary and secondary amine) was purchased by UCT, USA.

Individual and multi-residue pesticides stock solutions

Individual pesticides stock solutions between 1000 to 3000 mg
kg™ were prepared in acetone, using the proper amount of each neat
pesticide solid standard. The multi-residue working solution (20 mg
kg™') was prepared in acetone, from the individuals stock solutions.
The stocks and working solutions were stored in an amber bottle at
4 °C. Working solutions were prepared every week.

Sample collection and treatment

Two soils were collected at the same location (Fundo San Jorge,
Valparaiso, Chile): one uncultivated soil and one soil using for orga-
nic farming (chemical free agriculture soil). A composite sample of
two kilograms for each soil was collected, from O to 15 cm of depth.
Sampling was performed using the zig-zag method.** Samples were
dried at room temperature, sieved with a 2 mm mesh and stored at
—20 °C in a glass container, until analysis.

Soil characterization

pH, conductivity and humidity percentage were determined
for each soil sample. pH and conductivity were measured in a Sper
Scientific equipment, Bench-Top Meter, USA.
pH

50 mL of calcium chloride solution 0.01 mol L™! was added to 20
g of soil. The mixture was shaken for 2 hours and allowed to stand
for 1 hour. pH was registered in the supernatant solution.
Conductivity

150 mL of deionized water was mixed with 30 g of soil. The
samples were shaken for 2 hours and allowed to stand by 1 hour. The
conductivity measurements were taken in the supernatant solution.
Humidity percentage

5 g soil, in triplicate, was heated at 105 °C for 48 hours; then
the sample let cold down at ambient temperature and weighted. The
procedure was repeated until constant weight.
Spike soil procedure

The spiked soil samples were prepared adding to 5 g of soil, the

appropriated volume of multi-residues working solution to reach
concentrations of 0.2 and 0.8 mg kg™'. Then 5 mL of acetone was
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added to the sample and shaked for 2 hours at 200 rpm in order to
achieve a better analyte homogenization into de soil matrix. Later, the
sample was dried and aged for 48 hours at room temperature before
the extraction procedure.

Solid phase dispersion procedure

The extraction procedure was based on a buffered QUEChERS
methodology (EN 15662) for food and plant origin, with some
modifications. The procedure had been employed by Rouviere with
dichloromethane partition;*® but, in this study, acetonitrile was used
as partition solvent for pesticide extraction from soils samples and
the purification step was slightly modified.

A sample of 5 g of soil spiked with 100 puL of TPP was mixed with
10 mL of acetonitrile and vortex mix for 1 minute, in a 50 mL centri-
fuged tube. After that, 0.5 g of sodium chloride, 0.5 g of tri-sodium
citrate dehydrate, 250 mg of sodium citrate dibasic sesquihydrate
and 3 g of anhydrous sodium sulphate (replacing the magnesium
sulphate) were added and mix again for 1 minute. The organic extract
containing the pesticides was isolated from the soil after centrifuging
the mixture for 15 minutes at 5000 rpm at 15 °C. Finally, 2 mL of the
organic extract was filtered through a glass Pasteur pipette packed
with silanized glass wool and anhydrous sodium sulphate, and 1 pL.
of the filtrated organic extract was introduced directly in the injector
port for the chromatographic analysis.

Extract clean-up using PSA

The cleanup step was carried out in a 15 mL falcon centrifuged
tube adding 25 mg PSA and 150 mg anhydrous sodium sulphate, per
organic extract milliliter. Then, the extract was agitated for 30 s and
centrifuged for 5 min at 5000 rpm?® before the analysis.

Matrix match calibration solutions

Six calibration points, ranging from 0 to 1 mg kg™', were prepared
by spiking the soil blank extract with the appropriated amount of the
multi-residue working solution, and 100 pL of the internal standard
(TPP). The soil blank extract was obtained by extracting uncultivated
soil with the proposed QUEChERS procedure.

Matrix effect evaluation

In order to study the matrix effect a calibration curve prepared
with the pesticides working solution, from 0 to 1 mg kg™, on a soil
blank extract was injected in the chromatographic system. Moreover a
calibration curve prepared with a pesticides working solution on pure
acetonitrile was also injected. The matrix effect (%) was determined
by statistical comparisons between the slopes of these curves.

Chromatographic analysis

The chromatographic analysis was performed using Perkin
Elmer-USA, equipment Clarus 680 GC, hyphenated to SQ8C single
quadrupole mass spectrometry detector. One microliter of the sample
was injected in splitless mode; setting the injector port temperature at
200 °C and using a pulse of 2 mL min™ for 1 min. Analytes were iso-
lated employing the Elite-5Sms (Perkin Elmer, United States) capillary
column of 30 m x 0.25 mm x 0.25 um. The column oven was set at 80
°C for 2 min. The temperature was increased to 180 °C at 20 °C min™',
hold constant for 12 minutes, and then raised again to 250 °C using
a heating ramp of 4.5 °C min™". The helium working flow was set at
1 mL min™'. The mass spectrometer transfer line and the ionization
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source temperature were set at 200 °C and 170 °C, respectively; and
the Register lon Monitoring (SIR = SIM) mode method was used for
the analysis, selecting three fragments of each pesticide (see Table II),
two for verification purpose and one for quantification (underlined).

RESULTS AND DISCUSSION
Soil characterization

Humidity, pH and conductivity of uncultivated soil and organic
farming soil were measured. As can be seen in Table I, both soils had
similar percentage of humidity. The organic farming soil that was used
for organic tomato cultivation showed slightly acidic pH, as expec-
ted. This pH value was higher than the one founded on uncultivated
soil. The electric conductivity (EC) indicates that both soils had low
indirect salinity values, meaning a low amount of soluble salts.”
Although, as expected, the organic farming soil presented slightly
higher soluble salt content than the uncultivated soil.

Table 1. Organic farming soil and uncultivated soil pH, humidity percentage
and conductivity values

. Conductivity % Humidity
Soil pH (uS cm ™)
Organic 6.26 = 0.06 66.1 0.5 40+ 1.1
Uncultivated 5.65+0.11 42.0+0.9 4.7+0.6

Average values from three independent samples measurements.
Pesticides

The pesticides structure and acid dissociation constant (pka) va-
lues are shown in Table II. The pka values indicate that we have acidic
pesticides like simazine but also strong basics such as permethrin.
In order to make a simultaneous determination of these pesticides it
was necessary to make a compromise, also taking into account some
reports about the rate of hydrolysis of some pesticides with pH. So
we determined to work under buffered conditions with pH values
of about 5 to 5.5 to protect the base and acid sensitive species, also
allowing the extraction of the acids.

Selectivity

The presence of interferent compounds in the soil matrix, from the
studied pesticides retention time segments, was determined through
GC/MS-SIR analysis for both soil (uncultivated and organic), after
its extraction by QUEChERS. Both soils chromatograms: uncultivated
(bottom chromatogram) and organic (medium chromatogram) were
compared in Figure 1, with the 0.8 mg kg™' pesticide spiked uncul-
tivated soil extract (upper chromatogram).

The uncultivated soil chromatogram shows two signals in the GC/
MS-SIR segment of dimethoate and simazine, close to the retention
time of these pesticides. But as can be seen in the figure the signals
are well resolved and those matrix compounds will not interfere
with our analytes determination in the SIR mode, although they are
close to them.

The purity analysis of the signals reveals values less than 48%;
probably corresponding to more than one compound with low re-
solution. The responsible for those signals could not be identified,
neither using full scan, nor was there a match in the Nist library v.
2.0. Their mass spectrum shows an intense mass fragment of m/z
91 and less intense m/z 77, associated commonly with tropylium
and benzene, which can be formed by alkyl, substituted aromatic
compounds fragmentation.

Quim. Nova

The organic farming soil also shows little signals at the dimethoate
and simazine retention time segment. For the purpose of validation,
this soil was used in the fortification studies and the uncultivated soil
was employed as a blank soil matrix.

Soil extraction with and without the clean-up step

The uncultivated soil (blank soil matrix) was extracted by the
citrate buffered solid phase dispersion technique, with and without the
purification step with primary and secondary amine sorbent (PSA).
From the results was no appreciable difference between the blank soil
extract with or without purification (supplementary information). So
we concluded that it was not necessary to perform the purification step
with adsorbents, but in order to avoid introducing fine soil particles
in the GC/MS instrument, the samples were filtrated by silanized
glass wool and, anhydrous sodium sulphate was used to eliminate
any remaining water.

Matrix effect

For this study the solvent and the soil matrix blank were extracted
by QUEChERS. Then, calibration curves were prepared spiking both
extracts (in triplicate), independently, with different concentrations
of pesticides.

The pesticide matrix effect (ME) was determined using the
statistical comparison between the average solvent curves slope and
the average slope of the blank soil matrix extract.

From the results (Table III), all the pesticides had ANOVA
P-values < 0.05, except for simazine; point out the influence of the
matrix soil in 87.5% of the analyzed pesticides. The extent of the
matrix effect was also calculated. From all of the pesticides with
matrix effect, 75% presented negative matrix effect influence. Some
authors attribute this matrix phenomenon to a pesticide interaction
and co-elution with the matrix compounds, which are not at trace
levels, resulting in a rise of the chromatogram background and a
subsequent suppressing of the pesticides signal.*® As more than 50%
of the analyzed pesticide showed the matrix effect, the matrix match
calibration procedure should be used for quantification; and the pre-
concentration of the final extract avoided.

Detection and quantification limits

The detection limit (LOD), for each pesticide, was calculated as
the concentration corresponding to three times of the standard devia-
tion (3S) of ten independent soil matrix blanks and; the quantification
limit (LOQ) was based on ten times the standard deviation (10S). The
detection and quantification method limit was calculated considering
the internal standard and the matrix match calibration slope.

The obtained LOD and LOQ values for trifluralin, dimethoate,
simazine, 4,4’-DDE, 4,4’-DDT, iprodione, methyl azinphos and
permethrin are presented in Table IV with other validation results.
LOD values ranged from 0.003 to 0.05 mg kg™'in accord with
Lesueur? (0.003 and 0.09 mg kg™'), and in general with the values
for GC/MS detection reported by Vera et al.* except for dimethoate
0.2 mg kg™

Linearity

Determination coefficient (R?) values for each calibration curve
(reported in Table III) indicates a linear relationship between areas and
concentrations values. The ANOVA P-values for the regressions were
less than 0.05 at 95% of confidence level, for the linear concentration
range from the LOQ of each pesticide to 1 mg kg™
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Table 2. Pesticides structure and pka values

Pesticide structure Name pka Observation
NO,
F, /—/
F N Trifluralin 5.3 -
NO,
al

)\N Simazine

)Nl\ 1.62° rate of hydrolysis increases at basic pH*
/\N N/ N/\
s
L
\0/ |\S/\”/ N Dimethoate N/A rate of hydrolysis increases at basic pH®
o
~ o

[ 4,4-DDE N/A -

ca
c
c
cl
cl
4,4’-DDT N/A rate of hydrolysis increases at basic pH¢
cl
R \
N—
cl N
\{ o) Iprodione N/A rate of hydrolysis increases at basic pH*
o}
c
ﬁ
/\O/T\O/\
o N
T X Azinphos Methyl 5.0 rate of hydrolysis increases at basic pH*
N __~#

a
/@\"/0\/0\ /O Permethrin -7.1¢ Stable at acid pH'
a o
0

N/A- No applicable. “Chelme et al. Water Res. 2010, 44(7), 2221-2228; *PPDB: Pesticide Properties Database-Hertfordshire University; “Boletin Técnico N°14,
Departamento Técnico ASP, Chile, 2013; ‘Wolfe et al. Environ. Sci. Tecnol. 1977, 11, 1077; *http://www.drugbank.ca/drugs/db04930; *http://www.who.int/
whopes/quality/en/permethrin_specs_evol-WHO_March_2009.pdf.
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Figure 1. Chromatograms of uncultivated soil (I), organic farming soil (I1) and organic farming soil spiked (III) with 0.8 mg kg of a multi-standard solu-
tion of pesticide. Figure (a): trifluralin (1), dimethoate (2), simazine (3) and 4,4’-DDE (4); Figure (b): 4,4’-DDT (5), iprodione (6), azinphos-methyl (7) and
permethrin mixture cis-trans (8)

Table 3. Principal fragments and soil matrix effect determination for each pesticide

Pesticide m/z Averasgh";;:]ve“t Averz;ggp?amx St]:('igt“;st ME % ME ME extent
trifluralin 145/264/306 6.9+0.5 32+0.3 0.0003 Yes <100 % negative
dimethoate 87/93/125 0.7+0.1 1.3+0.3 0.03 Yes >100 % positive
simazine 173/186/201 12+0.1 14+03 0.4 No =100 % without ME
4,4’-DDE 246/248/318 11.0+04 84=x19 0.01 Yes <100 % negative
4,4 -DDT 165/235/237 13.0+0.8 62+1.0 0.0008 Yes <100 % negative
iprodione 70/187/314 26+0.2 1.9+03 0.02 Yes <100 % negative
methyl azinphos 77/132/160 2.6+0.1 12+0.1 <0.0001 Yes <100 % negative
permethrin 163/165/183 19.0+1.9 13.0+23 0.03 Yes <100 % negative

Average slopes of solvent and matrix were calculated from three independent curves, respectively.

Intermediate precision and repeatability

The mean intermediate precision and repeatability were expres-
sed as relative standard deviation percentage (RSD). The RSD were

obtained by three measurements performed per day (repeatability)
and in 3 different days (intermediate precision), with newly organic
farming soil sample spiked with 0.20 mg kg™ (0.6 mg kg™ for dime-
thoate) of a multi-standard pesticide solution. Samples were aged for
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Table 4. Validation parameters for pesticide analysis in soil, by QUEChERS extraction and GC/MS detection

Recovery
Pesticide Lop LoQ Equation R? mean = RSD (%)
mg kg™! mg kg™! 0.2 mg kg™! 0.8 mg kg™

trifluralin 0.006 0.02 Y =3.1x-0.030 0.993 75+4 82+21
dimethoate 0.2 0.5 Y =1.6x+0.070 0.993 65 £ 2% 68 + 9%
simazine 0.05 0.2 Y =1.6x-0.030 0.985 90+ 12 77+9
4,4’-DDE 0.003 0.01 Y =64x-0.070 0.996 78+6 93+7
4,4-DDT 0.06 0.2 Y =5.7x-0.050 0.999 83+ 19 85+3
iprodione 0.04 0.1 Y =2.0x+0.030 0.994 38+ 10 62+6
methyl azinphos 0.02 0.05 Y =1.6x+0.060 0.995 9 +9 80+ 10
permethrin 0.004 0.01 Y=11x+032 0.997 97 £ 18 89+ 14

*dimethoate: low spiked level 0.6 mg kg™ and high spiked level 1.0 mg kg™'; quantification range: from the LOQ to 1 mg kg™".

48 hours and then extracted by QUEChERS after adding TPP (internal
standard). Repeatability had values < 20% for all the analytes, similar
to other reported soil studies.? The intermediate precision also had va-
lues less than 20%, with the exception of simazine with 23% of RSD.

Recovery

Recovery percentage was determined by spiking organic farming
soil with 0.20 mg kg™' and 0.80 mg kg™', as shown Table IV, except
for dimethoate which was evaluated at 0.6 and 1.0 mg kg™'. As can
be seen, the pesticides iprodione and dimethoate showed recovery
values lower than 70%. This percentage varied on dependence of the
pesticide and its concentration level. For the evaluated concentration
levels, all the analytes had recoveries between 62 to 99%, except for
iprodione which had low recovery (38%) at 0.2 mg kg™ of concen-
tration level, near its quantification limit; it can be associated with
stronger matrix/analyte interactions and co-elution of interferents,
decreasing its detectability. The range of those results was in accord
with other reported recovery values for soil pesticide analysis using
different variations of the QUEChERS methodology. Some authors
reported recoveries between 60 to 93% for chlorinated compounds
employing ethyl acetate*” and; with water/dichloromethane partition
from 60 to 100%.% Using clean-up by liquid/liquid partition with
hexane, the informed recoveries for organochlorides reached 70 to
100%.% Pesticides from organophosphate, triazines and pyrethroid
chemical families had been analyzed by solid phase dispersion using
10 grams of soil and PSA for cleanup, reaching recoveries between
70 to 110%; while a median recovery 65.7% was obtained using the
European Norm DIN 123932

CONCLUSIONS

For the multi-residues method 87.5% of the studied pesticides
were affected by the presence of the soil matrix; therefore the
quantitation must be carried out in the presence of the matrix. 75%
showed negative matrix effect (detection signal suppression), while
dimethoate enhanced its chromatography response. Only the herbicide
simazine was not influenced by the matrix of soil. The extraction by
buffered citrate solid phase dispersion methodology had acceptable
recoveries between 62 to 99%, except for iprodione with low recov-
ery at concentration near its quantification limits. The clean-up step
with absorbents was not necessary. Intermediate precision values
were in general < 20%. LOD values range from 0.003 (4,4’-DDE)
to 0.2 mg kg™ (dimethoate) and LOQ goes from 0.01 to 0.5 mg
kg™'. Dimethoate, simazine, 4,4’-DDT and iprodione had the higher

quantification limits > 0.1 mg kg™'. The method was shown to be ef-
fective for extraction and quantification of pesticide from soil matrix
with different physico-chemical properties, except for iprodione. But
this compound could be quantified at concentrations higher than 0.2
mg kg! using the matrix match calibration procedure.

SUPPLEMENTARY MATERIAL

Figure 1S presents SIR chromatograms of the uncultivated soil
extracted by solid phase dispersion with and without clean up step.
The supplementary material can be freely accessed at http://quimi-
canova.sbq.org.br in pdf format.
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