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Preface

Dear friends and colleagues,

We are very pleased that the number of you, the participants in the already 6th International Conference

of PhD Students of Analytical Chemistry in the English Language, is so large. This Conference is aimed

at supporting creativity and research activities of PhD students, helping them to develop capabilities connected

with the presentation of their research results to the wide scientific public, providing the floor for discussions and

exchange of experience, and laying the ground for long-term mutual cooperation. It should also contribute

to mastering of the English language and possibly of some other languages.

The development of the Conference is quite impressive – from nine PhD students participating in the first

meeting in 2005, to thirty of you this year, from all the participants coming merely from our Faculty of Science

of Charles University in Prague in 2005, to PhD students of the Slovak University of Technology in Bratislava,

the Prague Institute of Chemical Technology and of the University of Regensburg and our own students.

The Conference presentations are added a further value, as they are included in the Proceedings with the

appropriate ISBN code.

We would be unable to organize this Conference without the kind financial support from our sponsors. The

companies AP Czech, Shimadzu, Zentiva, Quinta Analytica, HPST, and Sigma-Aldrichare cordially thanked,

not only for their financial contributions on this occasion, but for their continuous cooperation and help in many

of our activities.

We wish you successful presentation of your contributions, rich discussions with your colleagues from all the

participating universities, pleasant social encounters and nice stay in Prague. We are happy that you have come.

Prof. RNDr. Věra Pacáková, CSc.

the Chair of the Organizing Committee



Sponzors

The organizing committee of 6th International Students Conference “Modern Analytical Chemistry” gratefully

acknowledge the generous sponsorship of following companies:s

http://www.shimadzu.cz/

http://www. .cz/quinta

http://www. .cz/zentiva

http://www. .cz/hpst

http://www. .c /sigmaaldrich om
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Programme

The conference is held at the Institute of Chemistry, Faculty of Science, Charles University in Prague (Hlavova 8,

128 43 Prague 2) in the main lecture hall (Brauner s Lecture Theather). Oral presentations are 20 minutes

including discussion and speakers are asked to download their Power Point presentation on the local computer in

the lecture hall before the start of the session. The coffee breaks are held in the lecture hall. The lunches are served

at students club Chladič (room 016 on the basement). The get together party will be held at Chladič club too.
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Blue to Purple Switch of Conjugated Cyanine Dyes

in a Sensor for Acid-Containing Gaseous

Environments

D B. M. G , A D , O S. WOMINIK RÖGEL XEL ÜRKOP TTO OLFBEIS

Institute of Analytical Chemistry, Chemo- and Biosensors, University of Regensburg,

D-93040 Regensburg, Germany, Dominik.Groegel@chemie.uni-r.de�

Keywords

cyanine dyes

gas sensor

Conjugated near-infrared (fluorescent) cyanine dyes

are widely used as biolabels for proteins to visualize

cells because their spectral characteristics (excitation

around 690 nm, emission around 800 nm) prevent

background emission from biological material.

However, the dye is irreversibly decomposed upon

protonation in aqueous media knocking off one part of

the chromophoric system. This results in a blue shift

of both absorbance and emission. We are presenting

here a disposable sensor that uses this blue to purple

switch in the presence of acid-containing gaseous

environments [1–4].

Studied dye (

000 M cm ) was mixed

with a solution of a hydrogel (Hypan; 5%) and the

mixture then spread on a transparent MYLAR

support. Circular indicator spots of 20 mm in diameter

were cut out and placed above hydrochloric acid

solutions of various concentrations. The response

time is 10 min and the color changes from blue to

purple (Fig. ). A control experiment with the sensor

spot placed above an ammonia solution showed no

change in color. The (irreversible) sensor layer is

intended for use as an indicator for inappropriate

λ ~ 690 nm, λ ~ 810 nm,

ε ~ 95

abs em

–1 –1
, depicted in Fig. 1,

2

storage conditions and to detect exposure to acidic

gases in context with occupational health.
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Fig. 2. Image of the disposable sensor before (a) and after (b)

storage above a hydrochloric acid solution
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Luminescent ATPase Assay Using

a Phosphate-sensitive Lanthanide Probe

T L , M SHOMAS ANG ICHAEL CHÄFERLING

Institute of Analytical Chemistry, Chemo- and Biosensors, University of Regensburg,

D-93040 Regensburg, Germany, thomas3.lang@chemie.uni-r.de�

Keywords

ATP

enzyme activity

lanthanide probe

luminiscency

Recently, we have developed a method for the deter

mination of enzyme-catalysed consumption of ATP

using luminescent probes based on Eu or Tb

complexes [1]. Many enzymes require ATP as a sub

strate or co-substrate as a source of chemical energy

which is required for the catalysis of essential intra

cellular processes. Hydrolytic enzymes such as

ATPases use this energy for the transport of certain

ions (e.g. Na , K , protons) against their concen

tration gradient across the cell membrane. Hence,

identification of regulators of these enzymes is an

important task in pharmaceutical research and scree

ning. With this new approach, enzyme activities can

be directly monitored by means of fluorescent probes

which indicate the turn-over ofATPin real time.

Afew years ago an assay for adenylcyclase activity

has been developed that is based on a terbium(III)

norfloxacin (Tb-Nflx) complex as the ATP-sensitive

[2]. Now, this concept was adapted to monitor the

activity of ATPases according to the following

reaction

(1)

The assay is based on the strong quenching effect of

the released phosphate anions on the lanthanide

luminescence. The decrease in the luminescence

intensity recorded at = 545 nm is proportional to

the concentration of ATP. The time trace of this

decrease directly reflects the activity. Thus, kinetic

parameters can be evaluated and enzyme regulators

can be screened in microwell plate formats. This assay

provides a cheap and straightforward alternative to

commercially available ATPase assays which are

typically based on colorimetric reactions (for example

the Taussky-Shorr reagent) or the detection of ADP

with specific antibodies, and are all endpoint methods.

-

-

-

, -

-

-

-

3+ 3+

em

+ +

λ
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Fig. .1 Time response of the referenced luminescence intensity of

Tb-Nflx (5:1), = 25 in the presence of 167 μUnits

of adenosine 5'-triphosphatase from porcine cerebral cortex, and

1.25 nmol ofATP( = 340 nm).

c ×10 mol L ,–6 –3

λexc
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Gold Chemical Vapor Generation by

Tetrahydroborate Reduction for AAS:

Radiotracer Efficiency Study and

Characterization of Gold Species

S M , Y A , J K , M V , O B ,

T M , P R , O. Y A , J D

TANISLAV USIL ASIN RSLAN AN RATZER ILOSLAV OBECKÝ LDŘICH ENADA

OMÁŠ ATOUŠEK ETR YCHLOVSKÝ AVUZ TAMAN IŘÍ ĚDINA

a, b c a a d

a b c a

a

b

c

d

Institute of Analytical Chemistry of the Academy of Science of the Czech Republic, v.v.i.,

Veveří 97, 602 00 Brno, Czech Republic, stanomusil@biomed.cas.cz

Department of Analytical Chemistry, Faculty of Science, Charles University in Prague,

Albertov 6, 128 40 Prague 2, Czech Republic

Chemistry Department, Faculty of Arts & Sciences, Middle East Technical University,

06531 Ankara, Turkey

Institute of Microbiology of the Academy of Science of the Czech Republic, v.v.i.,

Vídeňská 1083, 142 20 Prague 4, Czech Republic

�

Keywords
198, 199Au radiotracer

chemical vapor generation

generation efficiency

transmission electron microscopy

Abstract

For the chemical vapor generation of gold we tried to assess efficiencies of individual

processes by means of Au radioactive indicator. We found that 12.9% of the analyte

introduced into the reaction with tetrahydroborate was released to the gaseous phase and

11.9% reached the trapping device situated in place of the atomizer at optimized carrier

gas flow rate. The remaining 88.1% of the analyte was found deposited all over the

generator or in the waste. Further results also indicated that the release of volatile species

to the gaseous phase could be even doubled when purge flow rate was increased to

600 m min . We also confirmed the hypothesis that the volatile species were actually

gold nanoparticles transported along with aerosol by a carrier gas to the atomizer.

198, 199

1

argon

L –

1. Introduction

Chemical vapor generation (CVG) of transition

metals for analytical atomic spectrometry appears to

be a more sensitive alternative to nebulization

techniques [1].Analogously to hydride generation [2],

the chemical scheme of analyte reduction by tetra-

hydroborate in acidic environment is utilized [3]. The

practical advantage lies in analyte separation from

a matrix and higher introduction efficiency. However,

very little is known about the actual reaction mecha-

nism [4]. The real identity of volatile metal species

was revealed in the case of silver recently [5] when

silver nanoparticles were detected in the gaseous

phase by means of a transmission electron micro-

scope. Moreover, generation efficiency [6] is still rela-

tively low even with using various reaction modifiers.

The most effective modifiers published for gold

determination were diethyldithiocarbamate (DDTC)

[7–9] or room temperature ionic liquids [10] with

efficiencies of generation around tens of percent

(compare to 100% efficiency of hydride generation).

A choice of approaches to estimate the generation,

release and transport efficiency is limited. The use of

a radioactive indicator appears to be the most trust-

worthy and effective approach which allows to quan-

tify efficiencies in all subsequent processes of CVG in

a single run.

The main objective was to determine generation

efficiency in our optimized system for gold by means

of the radioactive indicator. We also intended to chara-

cterize the nature of the generated „volatile“ gold

species.

Deionized water (< 0.2 μS cm , ULTRAPURE,

Watrex) was used throughout

stock solution

(BDH, UK) in 0.6 HNO (p.p., Lach-Ner,

Czech Rep ) and solution of 1.0% (m/v) sodium

diethyldithiocarbamate trihydrate (DDTC) (Sigma) in

ethanol was added to have a final concentration

0.01% (m/v) of DDTC in the standard. A reductant

solution containing 2.4% (m/v) NaBH (FLUKA,

Germany) and 133 mg of Antifoam B emulsion

2. Experimental

2.1. Standards and Reagents

–1

3

4

. standards were

prepared by dilution of 1000 g m

Gold

Lm
–1

–1

–1

mol L

ublic

L
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(Sigma, USA) in 0.1% (m/v) KOH (p.a., Lachema,

Czech Rep ) was prepared daily. 20 mg of

Triton X-100 (Aldrich Chemical Co., USA) in

0.1 HNO was used as a reaction modifier.

0.5 NaOH solution (Lach-Ner) served as

a waste stabilizer.

The detection of free Au atoms was carried out during

method optimization in a quartz multiatomizer [11]

with 30 mL min of air or 6 m min of O as outer

gas by means of an atomic absorption spectrometer

Perkin-Elmer 503 equipped with a Au hollow cathode

lamp (242.8 nm line, slit 0.7 nm). The details of FI

generator (Fig. 1) were given elsewhere [5, 12] and the

optimized conditions of Au CVG are summarized in

Table 1.

ublic L

mol L

mol L

L

–1

–1

–1

–1 –1

3

2

2.2. System for CVG in FI Mode with AAS Detection

2.3. Radiotracer Experiments

2.4. Electron Microscopy Investigations

198, 199

198

197

–1

3

Au

Au (half-life 2.7 days) of a high specific activity

was prepared by bombarding target nuclide Au

(gold wire JMC 72L, Johnson Matthey Chemicals,

England) in a core of a research nuclear reactor

(LVR-15 Nuclear Research Institute Řež, Czech

Republic) according to process Au that

was accompanied by formation of Au (3.14 days)

due to high cross-section of neutron capture by Au.

CVG was performed for 300 s using 0.5 mL of radio-

labeled solution in 0.6 mol L HNO with addition of

non-active (carrier) Au standard solution (1 mg )

with 0.01% (m/v) DDTC. The gas liquid separator

outlet was not connected to the atomizer but via the

transport PTFE tubing (i.d. 2.4 mm, length 84 mm)

and a quartz tube (i.d. 2 mm, length 100 mm) to a trap

ping apparatus. It consisted of two columns, about

40 mm long, in series filled with activated charcoal

granules and followed by two disc syringe filters (FP

30/0.2 CA, Whatman Schleicher & Schuell) where the

analyte was removed from the gas stream. Activity in

the individual parts of the system was quantified using

the automatic gamma radiation counting system

equipped with a scintillation NaI(Tl) well-type

detector (Wizard 3, Perkin-Elmer) with 1 min

counting time. Obtained count values were corrected

for background and radioactive decay.

In order to prepare the samples for microscopic

analysis, CVG of 1 mg and 10 mg Au solutions

was continuously performed. Volatile species were let

197 198

199

198

–1

–1 –1

Au(n,γ)

L

L L

-

Fig. .1 The scheme of the FI generator with 0.5 mL sample loop.

Table 1

Optimized CVG conditions for atomization in the multiatomizer.

Carrier (flow rate) 0.6 mol L HNO

(0.5 mL min )

Sample 0.01% (m/v) DDTC in

0.6

Reaction modifier (flow rate) 20 mg Triton X 100 in

0.1

(0.5 m )

Reductant (flow rate) 2.4% (m/v) NaBH , 0.1% (m/v)

KOH, 133 mg of Antifoam

B emulsion (0.5 m )

Waste stabilizer (flow rate) 0.5 NaOH

(0.5 m )

Carrier Ar flow rate 240 m

Multiatomizer temperature 900 °C

Outer gas flow rate 30 m of air or

6 m of

–1

3

–1

4

matrix

mol L HNO

L -

mol L HNO

L min

L

L min

mol L

L min

L min

L min

L min oxygen

–1

3

–1

–1

3

–1

–1

–1

–1

–1

–1

–1

–1
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to adsorb onto specially prepared Cu grids [13] at the

gas liquid separator outlet for 60 seconds. The

samples were examined in transmission electron

microscope (TEM) Philips CM100 (FEI, formerly

PEO, The Netherlands) equipped with slow-scan

CCD camera Mega ViewII (Olympus, Germany).

Digitally recorded images were taken at magnifi

cations of 46 k and 130 k , which correspond to

pixel size of 1.4 nm and 0.5 nm, respectively. The

Energy Dispersive X-ray Spectroscopy (EDS) micro

analysis was performed in Philips CM12/STEM

electron microscope (FEI, formerly PEO, The Nether

lands) equipped with EDAX DX4 X-ray analytical

system (EDAX, AMETEK). The spectra from indivi

dual particles or particle clusters were recorded in

Scanning Transmission Electron Microscopy (STEM

bright-field spot-mode at magnification of 50 k ,

80 kV and spot-size of 7 (10 nm) for 300 ls.

The conditions recently found as optimal for

generation of volatile Ag species [5] were taken as

a base for generation of volatileAu species. Before the

assessmemt of generation efficiency was carried out,

the LOD and LOQ for optimized CVG conditions

(Table 1) withAAS detection in the multiatomizer had

been determined as 28 L ,

respectively. The linear range of calibration was

0.1 5 mg .

The Au radiotracer was employed to track analyte

transfer within the apparatus and to quantify

efficiency of Au volatile species generation. The

results of three replicates performed in a single run for

optimized generation conditions are shown in Table 2.

–1

–1

-

× ×

-

-

-

×

3. Results and Discussion

μg and 93 μg
–1

L

– .0 L

3.1. Radiotracer Examination of CVG

12.9% of analyte was converted to the gaseous

phase and 11.9% was found in the trapping apparatus

which corresponded to the overall CVG efficiency.

Transport losses of 1.0% are responsible for the

difference. They seem small but they are not

negligible (the corresponding transport efficiency is

92%). No activity was measured on the second filter

indicating a complete capturing of the „volatile“

analyte.Around 42% of Au altogether was found

in the waste. The rest was deposited on the walls of the

apparatus, mainly in the gas liquid separator where

the sample was mixed with the reductant.

In order to check the effect of increased carrier Ar

flow rate, another experiment was performed with

Ar flow rate of 600 mL min . Generation efficiency

of 23.3 ± 0.2, i.e. twice higher than for the optimized

Ar flow rate, was found. This is an essential

information substantiating that optimal Ar flow rate

forAAS sensitivity is not compatible with a maximum

generation efficiency. This is illustrated by the fact

that the ratio of AAS signal for Ar flow rate of

600 m to that for 240 m was 85 ± 7%.

Au

In analogy to our recent finding thatAg is generated in

the form of nanoparticles [5,12] we employed the

TEM to test an assumption that Au was volatilized as

nanoparticles as well. The glow discharge activated

copper grid was situated just downstream of the GLS

to collect (presumed) particles generated under

optimized conditions. TEM investigation revealed the

presence of nanoparticles on the grids (see Fig. 2 on

next page). The detected particles were found separate

or in isolated clusters of a few particles. The estimated

dimension of the nanoparticles size was 10 nm. In

order to verify that there are Au atoms in those

nanoparticles, the EDS spectra were measured andAu

atoms were clearly identified.

By means of the TEM we confirmed as in the case of

Ag [5,12] that the volatile Au species were nano-

particles of approximately 10 nm in size transported

along with aerosol by carrier gas. Release and

generation efficiencies were determined in the optimi

zed method of chemical vapor generation of Au. The

radiotracer experiments proved that nearly 13% of

analyte was converted to the gaseous phase with 92%

transport efficiency to the multiatomizer. Further

results also indicated that generation efficiency could

be significantly enhanced when Ar purge flow rate

198, 199

–1

L min L min
–1 –1

3.2. Characterization of the Nature of Volatile

Form

4. Conclusions

the

-

Generator 46.6 ± 0.4

Waste liquid and waste tubing 41.5 ± 0.3

Transport PTFE tubing 0.7

Quartz tube 0.4

1. column 5.5 ± 0.1

2. column 1.5

1. filter 4.8 ± 0.1

2. filter 0.0

Total radiotracer recovery 101.0 ± 0.5

Uncertainties below 0.05% are not shown.

The simulation of the multiatomizer inlet arm

b

c

a

c

b Generator components (gas liquid separator, capilla-

ries, connections) downstream the peristaltic pump

tubing.

Table 2

Distribution of the radioindicator expressed as analyte fraction

(in %) determined by radiotracer counting.a



Fig. 2. TEM electronograms of the Au particles sampled directly at the gas liquid separator outlet.
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was increased from 240 to 600 m . It could be

especially beneficial when CV generator would

be hyphenated with ICP-MS detector.

L min
–1
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Abstract

The general aim of this work was to contribute to further improvement of the method for

complete speciation analysis of trivalent and pentavalent human metabolites of arsenic in

complex biological matrices. The method combines selective hydride generation (based

on the pre-reduction of pentavalent arsenic forms by L-cysteine) with the generation of

substituted arsines followed by hydride trapping in a cryogenic trap (cooled by liquid

nitrogen, packed with Chromosorb). The detection is performed by an atomic absorption

spectrometer with multiatomizer.

The main target of this work was further improvement of the cryotrapping procedure.

Our previous experiments showed that trap blockage by frozen water vapour presents

a serious problem since ice has to be removed after each run making the analysis longer

and more complicated for automatisation. The amount of water vapour can be typically

reduced to a tolerable extent when a nafion tube dryer with optimized flow rate of nitro

gen as dryer gas is used [1]. However, methylated arsenic forms losses were observed in

our experiments, probably due to sorption of analyte on nafion surface, when using the

dryer.As a consequence, the nafion dryers were demonstrated to be unsuitable for drying

arsenic hydrides.

Polypropylene tubes filled with potassium or sodium hydroxide were studied as

alternative dryers [2]. Optimum parameters such as diameter of hydroxide beads were

tested.

Advantages and disadvantages of the proposed hydroxide dryer in comparison to the

conventional nafion tube dryer will be discussed including detection limits reached by

atomic absorption spectrometry

-

1. Introduction

Inorganic As (iAs) is the prevalent form of As in the

environment. Human metabolism of iAs involves

reduction of As(V) to As(III) and the oxidative

methylation of As(III)-species that yields methylated

arsenicals containing either As (III) or As(V) [3].

Toxicity of tri- and pentavalent iAs and methylated

arsenicals differ significantly [4]. Therefore, method

development for oxidation state specific speciation

analysis ofAs in biological matrices has become a key

issue for As toxicology and analytical chemistry.

Although the iAs(III)/iAs(V) analysis is very

common, the reports on the oxidation state specific

speciation analysis of methylated species methyl

arsonite (MAs(III)), dimethylarsinite (DMAs(III)),

methylarsonate (MAs(V)) dimethylarsinate

– -

,

(DMAs(V)) and trimethylarsine oxide (TMAs(V)O)

remain very scarce [5]. The arsenic oxide (iAs(III)),

disodium methylarsonate (MAs(V)), hydroxy

dimethylarsine oxide (DMAs(V)), trimethylarsine

oxide (TMAs(V)O) were employed in this study.

One of the approaches to arsenic speciation

analysis combines selective hydride generation with

atomic absorption spectrometry. Whereas one aliquot

is pre-reduced by L-cysteine in order to determine

total arsenic as the sum of trivalent and pentavalent

arsenic forms, another sample aliquot is not treated by

L-cysteine. Thus, only trivalent arsenic forms are

determined in the latter aliquot and content of the

pentavalent forms is calculated from the difference.

TRIS buffer was found to be the most suitable reaction

medium yielding the highest generation efficiency for

arsenic species. The pH of the buffer must be kept

,

–

-
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around 6 since it is crucial for reaching 100% hydride

generation efficiency. In collection step, iAs and

methylated As forms are converted to arsines and

methylated forms and retained in the cryogenic trap

cooled by liquid nitrogen. The cryogenic trap is

subsequently heated in volatilization step to release

collected arsenic species to the atomizer stepwise

according to their boiling points. The whole procedure

can be automated [6].

The general aim of this work was to contribute to

further improvement of the cryogenic trap system.

The targets were to minimize water vapour amount

entering to the cryogenic trap and subsequently to the

atomizer since freezed water vapour blocks cryogenic

trap and makes analysis impossible. Moreover, water

vapour in atomizer increases baseline noise and

causes drift as well. Nafion tube dryer is commonly

used to prevent water vapour to enter the trap/atom

izer system. Unfortunately, the nafion tube dryer

caused losses of generated arsenic volatile com

pounds during drying as demonstrated in this study.

Therefore another approach with potassium hydro

xide as dryer was constructed and tested.

The detection was performed by atomic absorption

spectrometer Perkin Elmer Aanalyst 800 (Norwalk,

Mass, U.S.A.) equipped with FIAS 400 flow injection

accessory (FIAS). The arsenic EDL lamp System II

(Perkin Elmer) operated at 376 mA with deuterium

background correction was used. The slit width was

set to 0.7 nm. A multiple microflame quartz tube

atomizer (multiatomizer) heated to 900 °C and

supplied with 35 ml min of air as outer gas was

employed as an atomizer.

-

-

-

2. Experimental

2.1. Instrumentation

–1

2.2. Standards and Reagents

2.3. Hydride Generator and Cryogenic Trap

A stock solution of 1000 μg As

Deionized water (<0.2 μS cm

by mass flow controllers (FMA-2400 or

2600 Series, Omega Engineering, Stamford, USA).

The sampling coil of 500 μl was used. The manifold

was built using PTFE T-pieces, see Ref.

L

t

=

-

s

was prepared for

each of arsenic species in water using following

compounds: As O , Lachema, Czech Republic

(iAs(III)); Na CH AsO .6H O, Chem. Service, West

Chester, USA (MAs(V)); H(CH ) AsO , Strem

Chemicals, Newburyport, USA (DMAs(V));

(CH ) AsO University of British Columbia, Vancou

ver, Canada (TMAsO(V)). Working standards were

prepared for individual species by serial dilution of

the stock solutions in water. Mixed standards were

prepared by mixing the solutions of individual species

during the last dilution, i.e. at the ng m level.

, ULTRAPURE,

Watrex) was used for preparation of all solutions. The

reductant solution containing 1% NaBH (Fluka,

Buchs, Switzerland) in 0.1% (m/v) KOH (p.a.,

Lachema, Brno, Czech Rep.) was prepared daily.

A 0.75 mol ris(hydroxymethyl)aminomethane

(TRIS-HCl buffer (pH 6) was prepared from

a reagent grade Trizma hydrochloride (Sigma) and

pH adjusted to 6 by NaOH (Lachner, Czech

Republic). Other reagents included HCl (p.a., Merck,

Darmstadt, Germany) and a biochemistry grade

L-cysteine hydrochloride monohydrate (Merck).

A scheme of the hydride generator-cryogenic trap-

atomic absorption spectrometer (HG-CT-AAS)

ystem is shown in Fig. 1. All gas flows were

controlled

6 for detailed

description of the manifold and cryogenic trap .

–

–

–

–

1

2 3 3

3 2 2

3 3

1

1

1

2 3

2

4

®

-

L

L

Fig. .1 Experimental setup of hydride generator with cryogenic trap forAAS.
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2.4. Atomizers

2.5. Cryotrapping Procedure

2.6. Nafion Dryer

2.7. Hydroxide Dryer

3.1. Nafion Dryers

The multiatomizer for atomic absorption measure

ment was identical to that described previously

(model MM5 in Ref. [6]).

Cryotrapping procedure consists of two steps

collection of arsenic hydrides which are collected

in the trap under the 190 °C and the volatali

ation step which is based on heating of the trap

thereby arsenic hydrides are released according to

their boiling points to the atomizer. The procedure is

described in detail in Ref. 6 .

Two types of the nafion dryer tubes Tube 1: MD-110-

12FP, i.d. 2.184 mm, o.d. 2.742 mm, length 310 mm

Perma Pure Toms River, USA) and Tube 2:

MD-070-24F-2, i.d. 1.524 mm, o.d. 1.829 mm, length

610 mm Perma Pure Toms River, USA) of nafion

dryer were employed. These dryers were inserted

between gas-liquid separator and cryogenic trap and

compared with experiments without dryer realized

only by polytetrafluoretylene tube with the same inner

diameter as nafion dryers.

The hydroxide dryer consisted of polypropylene tube

(dryer tube commercial product P- ab, Czech

Republic) 1.7 cm i.d., 10 cm in length which was

simply filled either with solid sodium or potassium

hydroxide of different size of hydroxide beads.

Following three types of hydroxide dryers were

tested: D1 NaOH pure, Lachner, Czech Republic,

o.d. 1.5 mm; D2 NaOH p.a., Lachner, Czech

Republic, o.d. 3 mm; D3 KOH pure, Lachema,

Czech Republic, 6 2.5 mm. The results with

and without dryer were compared analogously as for

nafion dryers.

Effect of nafion tube dryers on peak areas of arsenic

forms is shown in Fig. 2. Losses were observed for

both nafion tubes (Tube 1 and Tube 2, see Section 2.6.

for description of the tubes). Signal of DMAs(V)

decreased of 19.3% and response for TMAs(V)O

completely disappeared (sensitivity under detection

-

:

-

z

[ ]

-

( ,

( ,

, L

–

(i)

– , (ii)

–

–

× × 2.5

3. Results and Discussion

limit) employing Tube 1. Losses were even much

more pronounced using Tube 2 (see Fig. 2): 6.7% for

iAs(III), 4.2% for MAs(V), 65.9% for DMAs(V) and

100% for TMAs(V)O (sensitivity under detection

limit). Since no losses of any arsenic form were

observed for PTFE tube of the same length as the

longer dryer tube (Tube 2) it can be concluded that it is

the nafion surface which is unambiguously respon

sible for the losses not the increased distance between

the gas liquid separator and the trap.

The different hydroxides with different outer

diameters of beads were employed (see Section 2.7.).

There is evidence of losses of iAs(III) (~6%) and

DMAs(V) (~2%) if the D1 hydroxide dryer (1.5 mm

o.d.) was used. There is no evidence of losses of any

arsenic forms if the outer diameter is higher

(hydroxide dryers D2 and D3). These experiments

clearly demonstrate influence of hydroxide s outer

diameter on arsenic losses. Moreover, the hydroxide

dryer is capable to eliminate nonspecific absorption

caused probably by sulfane (decomposition of

L-cysteine) and water vapour (from frozen spray

droplets released from cryogenic trap in volatilization

step) as shown in Fig. 3

Peak for inorganic arsenic is higher and more

symetric when the hydroxide dryer D2 is employed as

shown in Fig. 3. As a result, shorter signal integration

time may be used. As a consequence, lower LOD may

be reached since the fluctuation of baseline noise for

blank experiments is also lower when shorter inte

gration time is used. Moreover, the use of deuterium

backround correction (DBC) can be avoided because

non-specific absorption disappears when using the

-

’

(on next page).

-

3.2. Hydroxide Dryer
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hydroxide dryer. This enables to decrease the LOD

furthermore since DBC in general causes increase of

baseline noise as demonstrated in Tab. 1.

First part of this study is focused on quantification of

arsenic losses, especially of its methylated forms,

using the nafion dryer. Trimethylarsineoxide s losses

are 100% in both of nafion tubes. This is a clear proof

that nafion tube dryer is not a suitable device to

remove water vapour for arsenic speciation analysis.

On the other hand hydroxide dryers, especially

those with hydroxide beads larger than 1.5 mm, were

found to be a suitable alternative. They enable not only

effective removal of water vapor from carrier gas

stream without any losses of arsenic species but they

also eliminate nonspecific absorption caused

probably by sulphane evolved from L-cysteine de

composition. Employing hydroxide dryers deuterium

background correction can be omitted. Thus, lower

LOD and more accurate results can be reached

compared to dryers based on nafion.

4. Conclusions

’

-
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iAs V 23 29

MAs V 19 23

DMAs 21 27

TMAs O 35 38

( )

( )

( )

( )

V

V

Table 1

Comparison of ng without and with deute

rium backround correction (DBC)

limits of detection [ ] -



Proceedings of 6th ISC ModernAnalytical Chemistry ▪ Prague 2010
19

Keywords

arsenic speciation

atomic fluorescence spectrometry

cryogenic trapping

hydride generation

hydroxide dryer

Abstract

The main target of this work was further improvement of detection limits in the method of

arsenic speciation analysis of tri- and pentavalent human metabolites in complex

biological matrices. The method combines selective hydride generation (based on the

pre-reduction of pentavalent arsenic species by L-cysteine) with preconcentration and

subsequent separation of substituted arsines in a cryogenic trap. The possibility of

hyphenation of the hydride generation system with the flame-in-gas-shield atomizer and

atomic fluorescence detector was investigated. The sodium hydroxide dryer was found

feasible for removing water vapour from the gaseous phase and the advantages are

pointed out. The performance of the system was found excellent owing to superb atomic

fluorescence sensitivities and owing to the fact that sensitivities were equal for all arsenic

species. The limits of detection obtained with the advanced flame-in-gas-shield atomizer

were 1.0; 0.2 and 0.5 ng L for iAs(V), MAs(V) and DMAs(V), respectively. They are

significantly better compared to those obtained with the standard atomic fluorescence

atomizer (miniature diffusion flame) and much lower than those obtained with atomic

absorption spectrometry detection.

–1

1. Introduction

Inorganic arsenic (iAs) is a prevalent form of arsenic

in the environment. Human metabolism of inorganic

arsenic (iAs) consists of reduction of pentavalent

arsenicals and oxidative methylation of trivalent

species that yields methylated arsenicals [1]. Toxicity

of arsenite (iAs(III)), arsenate (iAs(V)) and their tri-

and pentavalent methylated analogues differs signifi

cantly [2]. Therefore, the method development for

oxidation state specific speciation analysis of arsenic

in biological matrices has become a key issue of both

toxicology and analytical chemistry. Although the

iAs(III)/iAs(V) analysis is very common, the reports

on the oxidation state specific speciation analysis of

methylated species methylarsonite (MAs(III)),

methylarsonate (MAs(V)), dimethylarsinite

(DMAs(III)), dimethylarsinate (DMAs(V)) and

trimethylarsine oxide (TMAs(V)O) remain very

scarce [3].

One of the approaches to arsenic speciation

analysis combines selective hydride generation with

atomic absorption spectrometry. Whereas one aliquot

is pre-reduced by L-cysteine in order to determine

total arsenic as the sum of trivalent and pentavalent

-

:

arsenic forms, another sample aliquot is not treated by

L-cysteine. Thus, only trivalent arsenic forms are

determined in the latter aliquot and content of the

pentavalent forms is calculated from the difference.

TRIS buffer was found to be the most suitable reaction

medium yielding the highest generation efficiency for

arsenic species. The pH of the buffer must be kept

around 6 since it is crucial for reaching 100% hydride

generation efficiency. In collection step, iAs and

methylated As forms are converted to arsines and

methylated forms and retained in the cryogenic trap

cooled by liquid nitrogen.

The whole

procedure can be automated [4].

Atomic fluorescence spectrometry (AFS) is a suit

able detection technique for speciation studies [5]

because of its excellent sensitivity when compared to

atomic absorption spectrometry (AAS). It has been

found recently that commonly used miniature

diffusion flame (MDF) as the AFS atomizer can be

overcome by a flame in gas shield atomizer (FIGS)

regarding the sensitivity and above all the baseline

noise which are the critical parameters controlling

The cryogenic trap is

subsequently heated in volatilization step thereby the

collected arsenic species are released to the atomizer

stepwise according to their boiling points.

-

Arsenic Speciation Analysis by Hydride Generation

Cryotrapping Atomic Fluorescence

Spectrometry with Flame-in-Gas-shield Atomizer

— —
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detection limit (LOD). The principal advantage of

FIGS is that a controlled flow of oxygen is delivered to

hydrogen/argon mixture forming a microflame

shielded by high argon flow from ambient atmo

sphere. As a result much smaller flame is produced

compared to MDF where air from ambient

atmosphere serves as source of oxygen. The baseline

noise is than minimized in FIGS, for detailed

description of the FIGS and its inherent advantages

see Ref. [6].

The general aim of this work was to couple the

hydride generator with the cryogenic trap (HG-CT)

system with AFS detector, test it with the standard

MDF atomizer and then to assess performance of the

FIGS atomizer to reach substantially lower LOD than

with the same HG-CT system interfaced to AAS

detector.

The in-house designed research grade atomic fluores

cence spectrometer equipped with arsenic EDL lamp

System II (Perkin Elmer) operating at 340 mA and

with a photomultiplier supplied by 1300 or 1500 V

was employed [5].

A1000 mg arsenicAAS standard solution (Merck,

Germany) was used as iAs(V) stock standard solution.

Other arsenic stock solutions of 1000 mg were

prepared in deionized water using following

compounds: Na CH AsO 6H O (Chem. Service,

West Chester, USA); (CH ) As(O)OH (Strem.

Chemicals, USA). ,

-

-

L

.

2. Experimental

2.1. Instrumentation

2.2. Standards and eagentsR

−1

2 3

L
−1

3 2

3 2

−1
Deionized water (<0.2 μS cm

ULTRAPURE, Watrex) was used for preparation of

all solutions. Mixed standards were prepared by

mixing of individual species solutions during the last

dilution, i.e. at the ng level. The reductant solution

containing 1% (m/v) NaBH (Fluka, Switzerland) in

0.1% (m/v) KOH (p.a., Lachema, Czech Rep.) was

prepared daily. A 0.75 mol ris(hydroxymethyl)

aminomethane hydrochloride (TRIS HCl) buffer was

prepared from a reagent grade Trizma hydrochloride

(Sigma) and pH was adjusted to 6 by KOH.

Biochemistry grade L-cysteine hydrochloride mono

ydrate (Merck) was employed as a pre-reductant

agent.

A scheme of the HG-CT-AFS system is shown in

Fig. 1. The manifold was built using PTFE tubings

and PTFE T-pieces (see Ref. 4 for detailed descrip

tions) and the liquids were propelled by peristaltic

pumps at the rate 1 m min . The flow rate of carrier

gas He was 90 m min .

sed.

The FIGS and MDF, respectively, atomizers were

described in detail elsewhere [6]. For both atomizers

the flow rates of carrier gas argon and hydrogen were

500 m min and 300 m min , respectively. In

addition, the FIGS atomizer was supplied by shielded

gas argon (1.5 min in each channel) and by

5 m min of oxygen through a quartz capillary

(0.53 mm). All the gas flows were controlled by mass

flow controllers (Omega Engineering, USA) or rota

meters.

L

L

−1

−1

−1

−1

−1 −1

−1
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2.3. Hydride Generator with Cryogenic Trap

2.4. Atomizers

The sampling loop of 500 μl

was u

Fig. .1 Experimental setup of HG-CT-AFS system INJ injection (0.5 m sample loop), GLS gas liquid separator, PP1 and

PP2 peristaltic pumps, FIGS flame in gas shield atomizer

: – L –

– – .
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2.5. Cryotrapping Procedure

2.6. Hydroxide Dryer

The cryotrapping procedure consists of two conse

cutive steps, i.e. collection of arsines and their

volatalization. The U-tube was immersed into the

Dewar flask with liquid nitrogen during trapping step

while in the release step the U-tube was gradually

heated with power supply by means of current of 1.6A

(23.5 V) so that the arsines were successively released

according to their boiling points to the atomizer [4].

The hydroxide dryer consisted of a 10 cm long

polypropylene tube (P- ab, Czech Republic) of

1.7 cm i.d. which was filled with solid sodium hydro

xide (p.a., Lachner, Czech Republic, pearls of 3 mm

o.d.). The sufficient drying ability (removal of water

vapour and L-cysteine decomposition products) was

confirmed when coupled toAAS (see 15

The feasibility of the hydroxide dryer was tested and

the peak areas were related to those measured without

the dryer, i.e.

moving the water

vapour transported from the gas liquid separator

without any sensitivity depression for all arsenic

forms. The typical chromatogram measured with

FIGS atomizer and hydroxide dryer is displayed in

Fig. 2. More symmetric and higher peak was observed

especially for iAs(V) peak when using the hydroxide

dryer. Since the water vapour presence would result in

an instability of the signal baseline and/or in U-tube

-

L

-

page ).

3. Results and Discussion

the gas-liquid separator outlet was

connected directly to the U-tube. The peak areas of

iAs(V), MAs(V) and DMAs(V) were 30.4; 28.1 and

29.6 μV s with relative standard deviations (RSD;

= 9) 2.1; 2.0 and 2.7% for measurement with the

hydroxide dryer. The peak areas obtained without

hydroxide dryer were 29.9; 28.0 and 30.2 μV s with

RSDs ( = 6) 1.5; 2.0 and 1.9%. Thus, the hydroxide

dryer was proved to be suitable for re

n

n

blocking by frozen water, the hydroxide dryer was

found crucial component of the HG-CT-AFS setup.

Calibration graphs were obtained for pentavalent

species that were treated with L-cysteine and LODs

were evaluated for both tested fluorescence

atomizers. As it is seen in Table 1 the superb sensiti

vities measured with FIGS are about 3 times better

when compared to those measured with MDF.

However, the main limiting factor for a further LODs

improvement seems the blank (see also Fig. 2).

The high blanks were observed mainly at iAs peak

(corresponding concentration 9.2 ng ) but even at

DMAs(V) and TMAs(V)O (collective corresponding

concentration 2.4 ng ). The blank value for

MAs(V) was slightly above its LOD. The peak of

TMAs(V)O always accompanied the DMAs(V) peak

though it had never been used for purpose of this

study. Although memory effects appear in the case

of methylated forms to some extent, the contami

nation from reagents was the main source of high

blank signals (especially for iAs) since even cleaning

the generator with strong nitric or hydrochloric acid

was not capable to decrease blank values satis

factorily.

-
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Fig. .2 Typical chromatogram measured with the FIGS atomizer

olid line 100 ng arsenic of each species pre-reduced by

L-cysteine ashed line blank with L-cysteine 1 iAs(V),

2 MAs(V), 3 DMAs(V), 4 TMAs(V)O

.

S : L

. D : . Peaks: ( )

( ) ( ) ( ) .

–1

Atomizer As species Slope Relative sensitivity LODs

[L ng [%] [ng L ]

iAs(V) 0.2919 ± 0.0034 100.0 ± 1.7 1.0

FIGS MAs(V) 0.2762 ± 0.0024 94.6 ± 1.4 0.2

DMAs(V) 0.2895 ± 0.0015 99.2 ± 1.3 0.5

iAs(V) 0.0923 ± 0.0015 100.0 ± 2.3 1.1

MDF MAs(V) 0.0899 ± 0.0003 97.5 ± 1.6 0.6

DMAs(V) 0.0984 ± 0.0003 106.7 ± 1.6 1.5

related to iAs(V) sensitivity

a

–1 s μV] –1

a

Table 1

Slopes of calibrations, relative sensitivities and LODs for FIGS and MDF

atomizers (10, 20, 50 and 100 ng L of each arsenic form for calibration graphs).–1
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4. Conclusions

The selective HG-CT and connected with new FIGS

atomizer for AFS was found capable of arsenic

speciation analysis at ng level. The reached LODs

now enable to decrease the amount of the

sample which is desirable mainly for determination of

biological samples of tissues. Furthermore, the same

sensitivities were measured for all arsenic species

with both atomizers so that standardization by stand

ards of single species (e.g. iAs(V)) for quantification

of all other toxicologically important arsenic forms is

possible.

L
–1

(Table 2)

-
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Sensing Strip for Biogenic Amines Using

a Chromogenic (Chameleon) Probe,

a Reference Dye, and RGB Optical Readout

M -S S , A D , O S. WARK TEVEN TEINER XEL UERKOP TTO OLFBEIS

Institute of Analytical Chemistry, Chemo- and Biosensors, University of Regensburg,

D-93040 Regensburg, Germany, mark-steven.steiner@chemie.uni-r.d� e

Keywords
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sensing strip

Biogenic amines are abundant products of animal,

herbal and microbiological metabolism in a variety of

food including meat, fish, vegetables and fruits. They

are being generated during storage or processing of

fish, meat and their products, mainly by thermal

or bacterial enzymatic decarboxylation of amino

acids [1, 2].

We have developed sensing strips containing an

amino-reactive indicator dye and a green fluorescent

(amino-insensitive) reference dye incorporated in

a hydrogel matrix that is deposited on a paper strip.

Such strips enable rapid and direct determination of

primary amines. A color change from blue to red

occurs on addition of the test strips to a slightly

alkaline sample containing primary amines in a

concentration range from 1 to

1 m within 15 min, thus enabling rapid

qualitative and semi-quantitative evaluation. The

color shift is accompanied by a strong increase of

the fluorescence intensity of the dye, with a peak at

620 nm after photo-excitation at 505 nm.

In order to enable quantitative fluorometric mea

surements and imaging, a reference dye displaying

green fluorescence (peaking at 515 nm) was incorpo-

rated into the hydrogel. A home-built setup was used

for quantitative readout of the strips which are

illuminated with high-power 505-nm LEDs in a box

that is impermeable to ambient light. The strips then

are photographed with a conventional digital camera.

The digital color information stored in the camera is

then extracted via an red-green-blue (RGB) read-

out [3]. By referencing the red channel to the green

channel, a quantitative signal is obtained that was used

to create pseudo-color pictures of the sensor area and

respective calibration plots.

×10

-

–5
mol L

×10 ol L

–1

–2 –1
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[ ]

–
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Fig. .1 RGB-readout scheme of test strips 1 Photograph of

a calibration measurement; left (cyan): 0 mM putrescine, right

(red) 10 mM putrescine; = 4. 2 Test strips illuminated at

505 nm. 3 RGB readout. 4 Referencing the red channel to the

green channel delivers false color pictures or plots.
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Determination of Platinum Group Elements

(Pt, Rh and Pd) in Biological Material

by Inductively Coupled Plasma Mass Spectrometry

Solving the Problem of Interferences—
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Abstract

Platinum Group Elements (PGEs), particularly platinum, palladium and rhodium, are

nowadays increasingly emitted into the environment from automotive catalytic

converters. Growing PGEs levels in the environment, their unknown concentrations in

biological material (especially human fluids) and health risks needs the development

of the sensitive method for their determination. The aim of presented work was the

development and validation of the method for determination of ultra trace concentration

of chosen PGEs in human body fluids (blood, plasma and urine). The concentration of

PGEs in samples is very low and therefore the sensitive inductively coupled plasma mass

spectrometry (ICP-MS) was used because of its high sensitivity and low limit of detec-

tion. The optimal parameters of mass spectrometer were found, appropriated isotopes of

analysed elements were chosen, pre-treatment of samples and using of the internal

standard were studied and defined. Spectral interferences from monatomic and poly-

atomic ions produced from the matrix constituents and used gases were studied and

corrected using elaborated mathematical correction equations based on signal ratio

measurement. The validation parameters as specificity, limit of detection and limit of

quantification or repeatability were estimated. The accuracy of the method was checked

by analyse of certified reference material and by the successful participation in

international laboratory comparison tests organised by University of Erlangen

(G-EQUAS) in year 2008 and 2009 (Pt). The developed method was recently used for the

determination of platinum group elements in blood of 50 professionally non-exposed

women aged 50– 59. Relation found among individual metals was Rh Pt.

’

>

1. Introduction

The concentration of

in the environment has been increased during

the last two decades because of their role in catalytic

converters which are widely fitted to cars [1, 2]. As

a result of their use in North America (since 1976) and

Europe (since 1980s), automotive emission of NO ,

CO and various hydrocarbons have been greatly redu

ced [3]. On the other hand a disadvantage of these

catalysts is an abrasion and an ablation of their surface

leading to emission of PGEs, mainly in the elemental

state or as oxides, to the environment [2].

It is known that several PGEs and their compounds

(e.g. complex salts) can cause allergy, asthma and

other serious health problems [3 7]. With regard to

increasing number of cars with catalysts, the

p g e

-

,

-

,

–

latinum roup lements

(PGEs), particularly platinum, palladium and rho

dium

x

concentration of these pollutants is being also increa-

sed [1]. The presence of PGEs can affect the human

health and living organisms and therefore it is nece-

ssary to monitor their levels in the environment and

also in biological materials [8].

According to very low levels of PGEs in human

fluids samples sensitive instrumental techniques such

as electrothermal atomic absorption spectrometry

(ETAAS), inductively coupled plasma optical emis

sion spectrometry (ICP-OES), inductively coupled

plasma mass spectrometry (ICP-MS) and neutron

activation analysis (NAA) are required [8 12]. For the

determination of these elements, the cathodic stripp-

ing voltammetry could be also used [1, 8, 13].

In this work the inductively coupled plasma mass

spectrometer was used. It is one of the most attractive

analytical and detection systems for element determi-

nation. To its advantage belongs e.g. an excellent

-

–
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detection limit, selectivity, possibility of a multi-

-element capability, a wide linear dynamic range or

speed of measurement [14, 15].

In spite of many advantages, ICP-MS has also

some limitations. The biggest problems which have to

be mentioned are interferences. Especially spectral

interferences caused by atomic or molecular ions with

the same mass-to-charge ratio ( / ) as measured ana

lytes are probably the largest class of interferences in

ICP-MS. They are formed from sample matrix

precursors, reagents used for preparation and plasma

gases [16]. The differences between levels of PGEs

and interferents which could be higher of several

orders of magnitude and natural abundance of moni

tored isotopes are for the measurement also signi

ficant. Therefore these problems were widely studied

[e.g. 1, 2, 8, 12, 16 18] and spectral interferences in

ICP-MS determination were corrected using mathe

matical correction equations based on signal ratio

measurements.

The main aim of this work was the development of

sensitive method for determination of chosen PGEs

in biological material by using of available sensitive

method ICP-MS with solving of interferences

problem.

We were especially interested in studying

following types of spectral interferences:

“isobaric” interferences (e.g. Cd Pd ),

interferences from polyatomic ions caused by

plasma (e.g. Ar Cu Rh ) and

interferences from polyatomic ions caused by

sample matrix (e.g. Hf O Pt ).

The determination of PGEs was carried out on

a Perkin Elmer ICP-MS Elan DRC-e (Perkin Elmer

SCIEX Instrument, Canada) through all the experi

ments. The quadrupole ICP-mass spectrometer was

equipped with nickel sampler and skimmer cones,

a concentric PFA teflon nebuliser (sample flow rate

1 mL min ) and a cooled cyclonic spray chamber

(Peltier, at 5 C).

The conditions of the instrument were controlled

daily by freshly prepared solution of 10 μg L Be,

Mg, Co, Rh, In, Ce, Ba and Pb. The optimisation of the

ICP RF Power, lens voltage and the nebuliser gas flow

for PGEs analyses was done by using of 10 μg L

solution of individual platinum elements. The optimal

operation conditions of the ICP-MS system are

summarised in Table 1.

m z

-

-

-

i)

ii)

iii)

2.1. Instrumentation

-

, –

’

, ~

,

,

-

-
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106 +

40 63

195

1

+

+ +

+ +

1

1

~ ,

~

’

103

179 16

2. Experimental

–

–

–

106

Mineralization of blood samples was carried out with

a microwave oven system Milestone 1200 (Milestone,

Italy) in teflon vessels by nitric acid and hydrogen per

oxide.

Reagents of highest purity grade were used: 65% nit

ric acid, 30% hydrogen peroxide (Suprapur, Merck,

Germany). Stock solution of analytes, interfering spe

cies and internal standards were prepared from

standard solutions 1000 mg L Merck ICP CertiPUR

(Cd, Cu, Hf, Pt, In, Pb, Rb, Re Rh, Sr, Y, Zn, Zr), and

10 g L AAS (Pd) single element standard solutions.

Working standards of individual elements were

prepared from the standard solution and stabilized by

1% (v/v) nitric acid. Demineralised water

(18.2 M cm ) from a Milli-Q water purification

system (Millipore, France) was used.

In was selected as an internal standard for deter

mination of Rh and Pd, Re was used as an

for Pt. Using of help to

control instrumental drift or non-spectral interferen

ces. In and Re were chosen because of its very

low abundance in samples, similar atomic mass,

ionisation potential and especially similar chemical

and physical behaviour to measured platinum ele

ments [7].

The certified reference materials (CRMs) with

declared levels of PGEs in biological material were

not available. The accuracy of used method was

checked by using of certified reference material of

whole blood Seronorm Trace Elements Whole Blood

-

-

-

-

internal

standard internal standards

-

-

2.2. Reagents and reference materials

–

–

–

1

1

1
Ω

115

187

115 187

a Optimization of argon flow rate and lens voltage was done

daily by using of a solution of 10 μg of PGE element per litre.

Plasma

Mass Spectrometer

Acquisition parameters

RF Power 1000 1250 W

Ar flow rate ~ 0.82 L min

T spray chamber 5 C

Lens voltage ~ 11.5 V (Pt)

~ 6.5 V (Rh)

~ 11.0 V (Pd)

Sampling cone nickel

Skimmer nickel

Analyser vacuum ~ 7.0 10 Torr

Measurement mode peak jumping

PGEs isotopes Rh, Pd, Pd, Pt, Pt

Monitored nterferents Cu, Cu,
85

Rb, Sr, Y,

Hf, Hf, Pb

Dwell time 100 ms

Internal standard In, Re

–

°

×

’

i

a 1

6

103 105 106 194

63 87 89

178 179

115 187

–

a

–

195

65

206

Table 1

Instrumental operating conditions
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L-1 (SERO, Norway) where the concentrations of

measured elements were 1 ng L for Pt and

10 ng L for Pd and Rh.

About blood samples from non-professional

exposed women of age from 50 to 59 were collected

into commercial plastic tubes (Vacuette Greiner Bio

One GmbH, Germany) and stored at 20 C until

analysis. The study was approved by Ethic com

mittees and written consent was obtained from each

woman.

Before analyses, samples of plasma were diluted

ten times by deionised water and samples of urine

were diluted five times by 1% HNO (v/v). Blood

samples were mineralized in microwave oven with

nitric acid and hydrogen peroxide. Final dilution by

1% HNO (v/v) was ten times.

At the beginning of the study, all PGEs were deter

mined simultaneously in one sample solution

according to [19]. Unfortunately, problems with inter

ferences led us to revise the original method and

provide a determination of Pt, Rh and Pd individually.

Optimal method parameters were found for all

elements and are shown in Table 1.

The biological material is a difficult matrix with many

interfering species which could affect PGEs analy

ical results and could cause their positive errors. In

Table 2 are shown levels of interfering species

presented in CRM “Seronorm Whole blood” used for

the method validation. It is well seen that some con

tents of interfering species are several orders of

magnitude higher than that of PGEs. Therefore it is

necessary to observe possible influences of interfering

species on PGEs.

3.3.1 Platinum

P has six isotopes (190, 192, 194, 195 and

196). Isotopes with the highest natural abundance and

with no isobaric interferences are isotope 194 (32.9%)

and 195 (33.8%). Concentration of Pt in biological

<

<

fifty

– °

-

-

-

’ -

t

-

latinum

–1

3

–1

3

2.3 ple collection and preparation

3.1. Preliminary study

3.2. Analyte versus interfering species

3.3. Correlation equations and chosen PGEs

isotopes

. Sam

’

3 Results and discussion.

material is very low and therefore the sums of both

isotopes signals were used. The same mass to charge

ratio have ions Hf O and Hf .As the content

of Hf in human blood is similar to Pt concentration

(Table 2) the possible affect was studied.

The correction factors were calculated from signal

ratios and the final equation for determination of

corrected amount was designed:

( Pt + Pt ) = ( Pt Hf ) +

( Pt Hf )

= Mass 194/ Hf

3.3.2 Rhodium

Rh is a monoisotopic element and isotope 103

was used for determination. The same / ratio as

Rh has double charged Pb and polyatomic ions

Ar Cu , Sr O and it is necessary to take them

into account. Rb O interference had a negligible

influence and was not studied.

The final equation for determination of corrected

Rh concentration was obtained by calculation of

signal ratio:

’

platinum

–

odium

178 16 + 179

194 +

K 1

2

1

103 206

40 63 87 16

87

16 +

+ 194 + 178 +

+ 179 +

178 +

2

179 +

1 2

178 +

179 +

+ 2+

+ +

16 +

103 +

K

103 +

1

63 +

2

206 2+

87 + 8 +

O

= Mass 195/ Hf

and are correction factors calculated as a ratio of

Mass 194 signal and intensity Hf and Mass 195 and

Hf respectively, in aqueous solution of Hf with the

concentration corresponding to Hf level in real sample

without Pt.

( Rh ) = Rh Cu + Pb +

+ Sr Rb )

195 k

k

k

m z

+ – (1)

(2)

(3)

– (

( – ) (4)

195

k

k k

k k

k k3 4

5

copper

zinc

strontium

rubidium

ytterbium

zirconium

cadmium

hafnium

lead

a, b 564 666

5 500 5 200

27.8 34

1 278 000 1 282 000

0.05 0.04

0.28 0.136

0.74 6.0

0.004 0.0023

27.6 393

a

a, b

b

a

c

a

b

c

interferent of

interferent of

interferent of

rhodium

palladium

platinum

Monitored Certified reference material

interferent analyte
L-2 [μg L ]

-
1L- [μg L ]1 1––

Table 2

Content of possible interfering species in certified reference

material Seronorm (trace elements, whole blood, Norway)
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Table 4

C rhodium platinum certi-

fied reference material .

ertified and measured values of and in

of whole blood Seronorm L-1

Element Certified value Measured value

[ng L ]

Rh < 10 ~ 7.0

Pd < 10 contamination

–1 [ng L ]–1

Element instrumental

[ng L ] [ng L ]

Pt 0.7 2.5

Rh 0.5 2.0

Pd 7.5 25.0

LOD LOQ
–1 –1

Table 3

Instrumental limit of detection and limit of quantificatios s n.

103 (5)

03 (6)

103 (7)

(8)

– (

+ ( – ) (9)

105 (10)

05 (11)

(12)

k

k

k

k A A

k k k

k

A

k

k

k k

k

k

k A A

k k

k

1

63 +

2

206 2+

87 +

87Rb 85Rb

1 2

87Rb

85Rb

+ + 87 18 +

+

40 + 16 + +

18 +

105 +

K

105 +

1

6 +

2

87 + 8 +

1

6 +

2

87 +

87Rb 85Rb

1 2

= Mass / Cu

= Mass 1 / Pb

= Mass / Sr

= /

( Pd ) = Pd Cu +

Sr Rb )

= Mass / Cu

= Mass 1 / Sr

= /

3

4

3

4

4

5

3

5

5

3

3

Correction factors , and were calculated in the

same way as in the case of Pt. Factor is the ratio

between natural abundance of Rb 87 and 85 ( is

27.83 % and is 72.165%). Rb has the same /

ratio as Sr and by using of factor it is possible to

correct this isobaric interference.

3.3.3 Palladium

P has six isotopes (102, 104, 105, 106 and

108), but only isotopes 105 (22.33%) and 106

(27.33%) were suitable to analyse (higher natural

abundance, less isobaric interferences). Polyatomic

ions Ar Cu , Sr O , Y O and Rb O have

the same ratio as Pd , last two ions were not

taken in account because of their small signals and

influence on Pd results. In case of isotope Pd 106 there

are interferences of Ar Zn , Zr O , Cd and

possible Sr O . Finally the isotope Pd 105 was cho

sen for analysis. It is influenced by less interferences

and brings some benefits such as decreasing of

measurement time.

The final equation for determination of corrected

Pd amount was created:

Correction factors and were calculated as pre

viously. Factor was calculated as the ratio between

natural abundance of Rb 87 and 85.

The described method and correlation equation

correctness were checked and validated.

Method specificity and selectivity is done by the

mass properties of individually isotopes. LOD and

LOQ values are given in Table 3 and were calculated

A

m z

m/z

3.4. Validation of method

87

87

40 65 + 87 18 89 16

105

66 90 106

88

alladium

-

-

as three times, respectively ten times, of standard

deviation ( measurements of blank sample). The

linearity and repeatability (RSD < 10%) were also

checked and linearity was proved in whole measured

range.

There is a lack of suitable certified reference

biological materials with declared value of monitored

elements and therefore the control of accuracy is

problematic. In case of Pt, all samples were analysed

simultaneously with the analyses for the European

interlaboratory comparison test organised by Unive

rsity of Erlangen (G-EQUAS The German External

Quality Assessment Scheme for Analyses in Bio

logical Materials), where our results were successful.

Rh and Pd were determined in CRM Seronorm and

results are shown in Table 4. The measured value of

Rh was in agreement with certified value. In case

of Pd higher concentration was found. It could be

explained by a possible contamination of samples

or by influence of other interfering species which

were not under control. The reason of this higher value

will be the object of future study.

The validated methods were used for determination of

PGEs in blood samples of 50 professionally non-

exposed women in age 50 59.

Concentrations of Pd were on μg L level (median

2.42; min 0.59; max 11.26), the possibility of samples

contamination or influence of other interfering

species have to be taken into account. For Rh, the

maximum measured signal corresponded to the

concentration of 0.2 μg L , other Rh results were

lower. The results majority for Pt was under detection

limit ( 0.007 μg L ).

ten

-

,

-

–

3.5. Analyse of real samples

–1

–

–

1

1
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-

fifty

-

Rh and Pt concentrations in samples determined in

this study are shown in Figure 1. Our results

correspond to the results published in the literature

[e. g. 20], where Pd Rh Pt.

The described method ICP-MS was used for deter

mination of Pt, Pd and Rh in biological material.

The problem of spectral interferences had been

solved. The affect of possible interfering species such

as Cu, Hf, Pb, Rb and Sr have to be under control. The

correlation equations were proposed and calculated

and their validity was checked by measurement

of available CRMs. Levels found for Pt an Rh was in

good agreement with declared values. Higher value

of Pd could be caused by a possible contamination of

sample or affected of other interferences. The solution

of this problem will be an object of future study.

The method was used for the determination of

PGEs in samples of professionally non-exposed

women. The concentration values of all elements were

very low and in the case of Pt their majority was under

LOD.

These methods could be used for the determination

of PGEs in samples of professionally exposed per

sons.

The method, the possibility of improvement of

instrumental parameters for individually elements,

pretreatment of samples and interferences will be

more studied.

4. Conclusion
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Abstract

Combination of fast gas chromatography (GC) with quadrupole mass detector was utili

zed for determination of pesticide residues causing disruption of endocrine system. The

QuEChERs method was used for lemon samples preparation. Narrow-bore column

(15 m 0.15 mm . . 0.15 μm film of 5% diphenyl 95% dimethylsiloxane stationary

phase) and MS working with electron ionization (EI) and negative chemical ionization

(NCI) modes were used for separation and detection of pesticides. Comparison of result

obtained using different ionization techniques was performed. The mean recoveries of

pesticides ranged between 70 120% with RSD

with coefficient of determination higher than 0.9938 except linuron is

reported. Better coefficient of determination were obtained for NCI mode in comparison

to EI. The developed fast GC method was applied to the determination of endocrine

disrupting pesticides in real lemon samples.

-

× i d ×

– ≤ 20% for both ionization modes. For

majority of pesticides high linearity in NCI mode in the concentration range from 5 to

500 ng mL–1

1. Introduction

Pesticides are of interest in food analysis because of

their widespread use in a variety of crops, such as

fruits and vegetables, for field- and post-harvest pro

tection. Pesticides and their degradation products

could be of potential health hazards because of their

toxicity or carcinogenicity. Consequently, strict regu

lation of maximum residue limits (MRLs) has been set

for most food products [1]. Some pesticides in addi

tion behave as endocrine disrupting chemicals

(EDCs) and are able to cause adverse effects by inter

fering in some way with the body s hormones or che

mical messengers and induce a broad spectrum of

biochemical and toxic responses even at low environ

mentally relevant dose [2], often lower than MRLs

set.

The analysis of pesticides poses special problems

for the chemist, as the pesticides belong to different

groups of chemical substances having a broad range

of polarity and acidic characteristics. Most pesticides

are volatile and thermally stable, and therefore are

amenable to gas chromatography in combination with

element-specific detectors or with mass spectrometry

[3] preceded by complicated, time- and labor-con

suming sample preparation.

The aim of this work was the determination of

pesticide residues in lemon matrices using gas

-

-

-

-

’ -

-

-

chromatography coupled with mass spectrometry

(GC-MS) in selected ion monitoring mode (SIM). The

extraction was carried out using QUECHERS (Quick

Easy Cheap Effective Rugged and Safe) method

employing liquid extraction with acetonitrile and

cleaning-up by dispersive SPE using PSA (primary-

secondary amine) sorbent. The goal was to provide

a direct comparison of the NCI-MS and EI-MS

set ups, both in the SIM mode when concerning the

calibration data, LOD, LOQ values and recovery data.

Pesticide standards were obtained from various sour

ces (Bayer, Leverkusen, Germany; Dr. Ehrenstorfer,

Augsburg, Germany; Cheminova, Harboore, Den

mark; Ciba-Geigy, Basel, Switzerland; Shering,

Kenilworth, NJ, USA; Dow AgroScience, Indiana

polis, IN, USA; Agrovita, Ivanka pri Dunaji, Slovak

Republic) and were of purity

. Stock solution of pes

ticide mixture at a concentration of 0.02 mg mL was

prepared in toluene. Working standard pesticide

-

-

-

-

-

≥99% except for

bifenthrin (96.6%). List of pesticides is given in Table

1. Solutions of individual pesticides were prepared in

toluene (Merck KGaA, Darmstadt, Germany) at

a concentration of 10 mg mL -

2. Experimental

2.1 Chemicals.

−1

−1
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mixtures solution with lower concentration were

prepared in acetonitrile by dilution. Magnesium

sulfate (clean, anhydrous) and sodium chloride (

) were from Lachema (Brno, Czech Repub-

lic). Primary and secondary amine (PSA) sorbent

– Bondesil 40 μm was obtained from Varian (Varian,

Harbor City, USA).

Lemons (not-treated with pesticides) and real samples

of lemons were mixed with a Braun MX 2050 blender

(Braun, Kronberg, Germany). Certain changes were

made in the original QuEChERS procedure [4] accor-

ding to our needs and resources [5]. The final blank

lemon sample extract was used for the preparation of

matrix-matched standard solutions. For the recovery

studies, lemons from untreated trees were spiked with

the appropriate standard pesticide mixture in aceto-

nitrile. The spiking was performed at the concen-

trations of 1 μg kg , 5 , 10 and

250 (all in three replicates) for both GC-EI-

MS and GC-NCI-MS experiments. Spiked samples

were left to stand for 30 min prior to extraction in

order to allow pesticide absorption onto the matrix.

In the NCI mode, nine concentration levels of pesti-

cides were used for calibration: 0.1, 0.5, 1, 5, 10, 50,

100, 250 and 500 ng mL (corresponding to 0.1, 0.5,

1, 5, 10, 50, 100, 250 and 500 μg kg in a sample). For

calibration in EI mode, seven concentration levels of

pesticides were used: 1, 5, 10, 50, 100, 250 and

500 ng mL (corresponding to 1, 5, 10, 50, 100, 250,

and 500 μg kg in a sample). Calibration standards

for each concentration level were measured six times,

starting with the lowest concentration level. Matrix-

matched calibration solutions were prepared as

follows: 975 μL blank lemon sample extract + 25 μL

working standard solutions of pesticides in acet

at various concentrations. These matrix-

matched calibration solutions were used for the

evaluation of linear range, instrument LODs and

LOQs and repeatability.

GC-MS measurements were performed on an Agilent

6890N GC system coupled to an Agilent 5975 mass-

elective detector (Agilent,Avondale, PA, USA). The

PTV was operated in the solvent vent mode under

temperature programmed conditions. The flow

through the split-valve was 50 mL min . Chromato

o-

nitrile

s

-

per

analysis

2.2 QuEChERS sample preparation method

2.3 Preparation of calibration solutions

2.4 GC-MS instrumentation

–

μg kg μg kg

μg kg

-

-

-

-

.

.

.

–1

−1

−1

–1 –1

–1

−1

−1

−1

graphic separation was performed using the following

temperature program: 60 °C (hold 1.75 min),

60 °C min to 150 °C, 23.8 °C min to 300 °C (hold

1.90 min). The total analysis time was 11.45 min. The

injection volume was 2 μL. Helium with purity 5.0

was used as a carrier gas in a constant flow mode at

1.2 mL min . Narrow-bore chromatographic column

CP-Sil 8 CB (Varian, Middelburg, The Netherlands)

with 5% diphenyl 95% dimethylsiloxane stationary

phase 15 m 0.15 mm . . × 0.15 μm utilized connec

ted to a nonpolar deactivated precolumn

(1 m × 0.32 mm . .) was utilized. The MS with NCI

mode using methane with purity 4.5 as the reagent gas

and EI mode (70 eV) was operated in SIM mode.

The selection of pesticides was performed according

to their importance in agriculture. Thirty five pesti

cides that belong to different chemical classes were

selected to fulfill the multiresidual character of the

analysis. All the selected pesticides are considered

being endocrine disrupters or they are suspected or

tested for potential endocrine disrupting behaviour.

ine pesticides were active also in NCI-MS

mode. For both analytical methods (fast GC-EI-MS

and fast GC-NCI-MS) the matrix-matched standard

solutions were used to determine the selected

validation parameters, the linearity range, LOD,

LOQs and recovery rates.

Linearity defines the ability of the method to obtain

test results proportional to the concentration of

analyte. To evaluate linearity, calibration curves were

constructed for both analytical methods (fast GC-

-NCI-MS and fast GC-EI-MS). Matrix-matched

standards were used to compensate for matrix effects.

Nine concentration levels were used in the NCI mode

(0.1–500 ng mL corresponding to the range of

0.1–500 μg kg in a real sample) and seven concen-

tration levels in the EI mode (1–500 ng mL corres-

ponding to the range of 1–500 μg kg in real sample).

A list of studied pesticides, their retention times, SIM

acquisition table for both NCI and EI mode and

coefficients of determination (R squared correlation

coefficient) for the investigated concentration range

are given in Tables 1a and 1b. The ions monitored

were divided into groups, with 3 to 15 ions in each

group. Linearity of calibration curves constructed

from absolute peak areas, expressed as R , was in the

range of 0.9938–0.9999 except prochloraz in the NCI

mode and 0.9711–0.9991 in the EI mode except

× i d -

i d

-

Twenty n

−1 −1

−1

−1

2

2

3. Results and discussion

3.1. Calibration

−1

−1

−1
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1 -Phenylphenol 1 8.3 0.196 0.654

2 Trifluralin 1 6.5 0.148 0.493 0.1 12 0.057 0.189

3 Hexachlorbenzene 1 11 0.411 1.370 0.1 12 0.028 0.093

4 Dimethoate 0.1 9.3 0.046 0.154

5 Atrazine 1 7.7 0.214 0.714

6 Lindane 1 4.8 0.286 0.952 5 4.0 0.010 1.650

7 Acetochlor 5 12.1 2.778 9.259

8 Chlorpyrifos-methyl 1 17.1 0.469 1.563 5 5.1 0.016 2.618

9 Metribuzin 1 15 0.066 0.218 5 5.5 0.020 3.356

10 Vinclozolin 1 19 0.199 0.662 0.1 16 0.056 0.185

11 Parathion-methyl 1 10.8 0.252 0.840 5 6.2 0.004 0.708

12 Fenitrothion 5 15.9 1.056 3.521 5 1.0 0.003 0.495

13 Linuron 1 17.5 2.419 8.065 0.1 7.8 0.017 0.058

14 Malathion 1 5.2 0.224 0.746 0.1 8.8 0.008 0.028

15 Chlorpyrifos 1 5.1 0.144 0.481 0.1 12 0.029 0.095

16 Triadimefon 50 14 14.29 47.61 0.1 19 0.058 0.192

17 Dicofol 1 8.7 1.364 4.546 1 16 0.011 0.356

18 Fipronil 5 7.0 2.679 8.929 0.1 17 0.079 0.263

19 Procymidone 1 12 1.765 5.882 10 17 0.018 5.952

20 Triadimenol 1 18 0.395 1.316

21 Folpet 1 17 0.079 2.632

22 Edosulfan-alfa 1 11 0.025 0.084 0.1 13 0.094 0.313

23 Imazalil 1 3.8 0.055 0.183

24 Myclobutanil 1 8.0 0.811 2.703 0.5 18 0.150 2.500

25 Endosulfan-beta 5 17 0.195 0.650 0.5 9.5 0.097 1.613

26 Chlordecone 1 13 0.144 0.479 50 19 0.035 58.82

27 Tebuconazole 1 5.9 0.047 0.156

28 Iprodione 1 8.6 0.210 0.699 0.5 11 0.071 1.190

29 Bifenthrin 5 15 4.546 15.15 0.5 7.7 0.081 1.351

30 Fenoxycarb 1 6.4 0.411 1.370

31 Mirex 1 12 0.682 2.273 10 11 0.004 1.337

32 Fenarimol 0.01 8.7 0.019 0.010

33 Prochloraz 1 18 1.250 4.167 10 9.4 0.107 35.71

34 Cypermethrin 50 13 34.88 116.3 1 14 0.064 2.128

35 Deltamethrin 1 4.4 0.330 1.099 10 12 0.022 7.353

o a

b

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – –

b
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a

a

b

a

a

a

a

b

N .

N .

ot detected in NCI

ot detecable

EI mode

No. Pesticide LCL RSD LOD LOQ LCL RSD LOD LOQ

[ng mL ] [%

NCI mode

]–1 [ng mL ] [ng mL ] [ng mL ] [%] [ng mL ] [ng mL ]– – – – –1 1 1 1 1

Table 2

Lowest calibration level (LCL), repeatability measurement (based on peaks areas, n = 6) expressed as RSD, instrumental limit of

detection (LOD, calculated as 3:1 S/N ratio from calibration measurements) and limit od quantification (LOQ, calculated as 10:1 S/N
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triadimenol. Both ionization methods have a

satisfactory linear range however, NCI is more

sensitive. For the majority of EDC pesticides the

LCLs were 0.1 ng mL (0.1μg kg ) for fast

GC-NCI-MS and 1 ng mL (1μg kg ) for fast

GC-EI-MS.

Instrument LODs and LOQs listed in Table 2 were

calculated by the MS software from the signal to noise

ratio (S/N) measured at the LCL (six replicates). S

values of 3 and 10 were used for the

calculation of LOD and LOQ, respectively. In the NCI

mode, LODs were in the range 0.003

0.150 ng mL (0.003 0.150 μg kg in real sample)

−1 −1

−1 −1

−1

3.2. Limits of detection and limits of determinations

ig

nal to noise ratio

-

from to

–
−1

and LOQs were in the range of 0.010 35 ng mL

(0.01 35.74 μg kg in real sample) for the majority of

analytes under study. The repeatability of calculated

LODs, LOQs, expressed as RSDs, was

, LODs, LOQs and

RSDs in the NCI mode are generally better compared

to the EI mode. This is due to higher selectivity and

sensitivity of NCI approach. The coupling with fast

GC provided rapid analysis of pesticide residues at

ultratrace concentration levels.

–

–

−1

−1

≤20% in both

EI and NCI mode. For some analytes the calculated

LODs and LOQs are significantly lower then the

LCLs used to construct the calibration curve. The

obtained LOQs are well below the required MRLs

and/or method LOQs determined as the lowest tested

concentration at which recovery is in the range of

70–120% [6]. The values of R2
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3.3. Recovery

Trueness of the analytical method was evaluated in

terms of recovery by spiking blank lemon matrix.

Recovery rates were evaluated at 1, 5, 10 and

250 μg kg concentration levels in both EI and NCI

experiments. Recoveries ranged from 70% to 120%

with RSDs values ≤20% for the tested compounds at

the concentration levels which are higher or equal to

the LCLs, except for folpet, fenarimol in EI mode. The

EU criterion [6] concerning recovery rates was ful-

filled at studied concentration levels. For illustration,

comparison of recovery at the selected concentration

−1

level of 10μg kg

-

–

–

1

1

is shown in Figure 1 for both

ionization modes.

To demonstrate the applicability of the fast GC-MS

method the analysis of real sample with high acid

content was performed. Three pesticides were deter

mined: -phenylphenol (1.16 mg kg ), imazalil

(8.05 mg ) and prochloraz (0.046 mg ). Chro

matogram of real sample analysis is presented in

Figure 2. Determined concentration of -phenyl

phenol and prochloraz were under EU MRL values

3.4. Real sample analysis
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Fig. 1. Recovery of pesticides from spiked lemon sample at the concentration level of 10 μg kg in both EI and NCI mode.–1

Fig. .2 Selected ion monitoring mode chromatogram of separation of the pesticides from a lemon real sample NCI mode:

(1) -phenylphenol, (2) imazalil, (3) prochloraz.

in

o
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(MRL for -phenylphenol 12 mg and for

prochloraz 10 mg in citrus matrices). In the

case of imazalil the EU MRL value (5 mg ) was

exceeded. To prove the exceeded value, the sample

analysis with standard addition of imazalil was

performed.

Fast GC-MS in EI and NCI mode were used for

determination of ultra trace levels of endocrine

disrupting pesticide residues in lemon matrices. The

NCI mode has provided high values of coefficient

of determination for calibration measurements of

matrix-matched standard, significantly higher

selectivity and sensitivity compared to EI mode owing

to less interferences of background. Recovery rates

and further validation parameters at different concen

tration level were determined. GC-MS in NCI mode

was applied to the analysis of pesticide residues in real

lemon samples, even three different pesticides exhi-

biting endocrine disrupting activity were determined.

o was

was

kg

kg

kg

–

–

–

1

1

1

4. Conclusions
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V B , O L , K V , K R , J HERONIKA ARTACKOVA NDREJ ACINA ATERINA ALENZOVA ATERINA IDDELLOVA ANA AJSLOVA

Department of Food Chemistry and Analysis, Institute of Chemical Technology Prague,

Technicka 3, 166 28 Prague 6-Dejvice, Czech Republic, veronika.bartackova@vscht.cz�

Keywords

acrylamide

HPLC-MS/MS

UHPLC-TOF MS

Abstract

Occurrence of acrylamide in heat processed foodstuffs represents an issue of health

concern. To monitor levels of this processing contaminant in various matrices (potato or

cereal based products, coffee etc.), reliable analytical methods are needed. Currently, the

most routinely used technique for acrylamide determination is high performance liquid

chromatography coupled to tandem in space mass spectrometry (HPLC-MS/MS). Typi

cally, relatively laborious sample preparation procedure employing two-step solid phase

extraction is used prior to instrumental analysis.

Our significantly simplified sample preparation procedure based on QuEChERS

approach employs addition of acetonitrile to primary aqueous extract and

induction of phase separation by addition of salts. Isotope dilution technique

( C -acrylamide as an internal standard) is employed to compensate both potential losses

of analyte and matrix-induced chromatographic response enhancement. The QuEChERS

approach was compared to a typical analytical procedure consisting of the clean-up step

employing solid-phase extraction (SPE). As it will be shown in the results section, in the

case of complicated matrices (beer), the SPE clean-up is a necessary step for acrylamide

determination.

Two alternative MS systems were tested in our study. In addition to a well established

HPLC-MS/MS method, acrylamide analyses were also performed using an UHPLC-

TOF MS system. Comparable or even better results (LOQs, repeatability) were obtained

by the later approach.

,

-

,

-

(i)

(ii)
13

3

1. Introduction

Acrylamide, classified as a probable human carcino

gen (IARC, 1994) [1], is mainly formed during Mail

lard reaction in starch-rich foods. The occurrence of

this hazardous chemical in human diet was for the first

time reported by Swedish scientists in 2002 when,

consequently, a worldwide research has been started

to study this substance. [2]. The findings resulted in

a need for the development of an analytical procedure

that can be routinely use in control of the levels of this

processing contaminant in a wide range of various

food matrices. Currently, acrylamide is monitored in

the European Union member s states according to the

European Commission Recommendation from the

3rd of May, 2007 (2007/331/EC), this recommen

dation will be soon replaced by a new version from the

2nd of June 2010 (2010/307/EU) [3, 4].

Nowadays trend in most of laboratories [5, 6] is to

employ liquid chromatography mass spectrometry

(LC-MS) for the analysis of underivatized acrylamide

in food samples. To obtain acceptable LODs of these

LC based techniques, it is essential to use a tandem-in-

space mass analyzer (MS/MS) for the determinative

-

-

’

-

-

step, typically a triple quadrupole instrument [7 13].

The use of tandem MS also overcomes the fact that the

molecular ion ( / 72) formed during ionization in

LC-MS does not allow a selective detection. The

required clean-up steps for LC-MS based techniques

often employ solid-phase extraction (SPE). In majo

rity cases, combination of two or three SPE cartridges

(e.g. Oasis HLB, Isolute MM, MAX, MCX, ENV+)

has to be employed for purification of crude extracts

prior to the determinative step [7, 11, 14]. Another

approach uses a modified sample preparation pro

cedure, known from the analysis of pesticide residues

in produce samples, which is called QuEChERS

(quick, easy, cheap, effective, rugged, and safe) [15].

The aim of our study was to develop a method

employing modified QuEChERS sample preparation

procedure with an UHPLC-TOF MS determinative

step, and its comparison to a well established,

routinely used HPLC-MS/MS instrumental analysis.

Further simplification of acrylamide analysis was the

main objective of our work. Use of UHPLC

chromatographic separation entails both, better

resolution within a shorter time and higher analytical

selectivity. When coupled to a TOF MS detector

–

=

-

,

-

m z
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(time-of-flight mass spectrometer), an UHPLC

chromatographic system represents a simple (no

derivatization required) and rapid analytical approach

with high sample throughput.

Acrylamide (CAS 79-06-1, purity 99.5%) and

magnesium sulphate (p.a., purity

Germany). C -Acrylamide (iso

topic purity

Acetonitrile and -hexane were of HPLC

grade quality and were supplied by Sigma-Aldrich

(Germany) and Merck (Germany), resp. Deminera

lized water was obtained from a Millipore apparatus

(Billerica, MA, USA). Isolute Multimode and

Isolute ENV+ SPE cartridges were purchased from

IST (UK).

Calibration standard solutions in concentration

range 1 250 ng mL with fixed amount of C - acryl

amide (100 ng mL ) were prepared in water by

dilution of acrylamide stock standard solution.

Various food matrices The key step of the method

used is the transfer of acrylamide from the primary

aqueous extract into acetonitrile forced by added salts

(MgSO and NaCl); separation of aqueous and

organic phase is thus induced [3]. Most matrix inter

ferences are then removed from organic phase by

dispersive SPE (MgSO and basic Al O are used for

this purpose). Acetonitrile is evaporated under

a gentle stream of nitrogen and solvent is exchanged to

water.

Beer samples: After decarbonisation (sonication),

the beer sample undergoes a two-step clean-up using

two SPE cartridges. Final extract is in 60% methanol

in water (v/v solution), from which methanol is

evaporated by a gentle stream of nitrogen [4].

2.3.1. HPLC-MS/MS

Aliance 2695 LC system (Waters, USA) coupled to

Mass spectrometer Quattro Premier XE (Waters/-

Micromass, USA/UK) were used for experiments.

Chromatographic separation was carried out using

Atlantis T3 analytical column (150 mm × 3 mm;

2. Experimental

2.1. Chemicals and Materials

n

2.2. Optimized Sample Preparation Procedure

2.3. Instrumentation

≥ 98%) were from

Sigma-Aldrich ( -

≥ 99%) was purchased from CIL (USA).

Sodium chloride was from Penta (Czech Republic).

Aluminium oxide (basic) was from Merck (Ger-

many).

-

–

:

-

13

3

®

1 13

3

4

®

®

1

4 2 3

–

–

-

acrylamide was achieved

with mobile phase composed of acetonitrile and water

(2 : 98, v/v), flow rate 0.3 mLmin .

The mass spectrometer, equipped with electro-

spray interface (ESI), was operated in positive ioni-

sation mode. Two transitions at unit resolution were

monitored for acrylamide: 72

72 C -acrylamide

(internal standard): 75

2.3.2.UHPLC- TOF MS

Acquity UPLC (Waters, USA) coupled to LCT

Premier XE time-of-flight Mass spectrometer

(Waters/Micromass, USA/UK) were used for

experiments.

Chromatographic separation was carried out using

Acquity UPLC HSS T3 analytical column

(100 2.1 mm; 1.8 μm). Isocratic elution of acryl

amide was achieved with mobile phase composed of

acetonitrile and water (2:98, v/v), flow rate

0.3 mLmin .

UHPLC system was connected to an orthogonal

accelerated time-of-flight mass spectrometer ope-

rated in positive (ESI+) electrospray ionisation mode.

Raw mass spectra were acquired in the m/z range from

50 to 600.

Both developed analytical methods were evaluated

within a validation study involving following

matrices: potato chips, crispbread, gingerbread, bis-

cuits, chocolate, baby food, breakfast cereals, muesli

and spice. The results of the study are described in

paragraph 3.2 and summarised in Tab. 1. Examples of

chromatographic records are shown in Fig. 1.

Since transfer of acrylamide from raw material

(malt) into beer may occur, we also analysed beer

samples. When using extraction technique QuECh-

ERS for beer or lyophilised beer, it was not possible to

detect any acrylamide due to chemical noise. In the

next step, we involved double SPE clean-up step

to remove matrix impurities more efficiently. Under

these conditions acrylamide could be conveniently

detected and the method fully validated. Chromato-

gram of beer sample is shown in Fig. 2.

The tested concentration range of calibration

standards (1–250 ng mL ) corresponds to acrylamide

3 μm). Isocratic elution of

–1

13

3

1

1

m/z

m/z

m/z

3.1. Developed Methods

3.2. Performance Characteristics

→ 55 and

→ 54 and one transition for

→ 58.

TM

TM

–

–

× -

3. Results and Discussion
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= 6 = 4

AA ( g kg ) / RSD (%) Recovery (%)

Matrix 100 μg kg / 1000 μg kg

HPLC-MS/MS UHPLC-TOF MS HPLC-MS/MS UHPLC-TOF MS

Biscuits 14/4 24/4 105/104 94/94

Chocolate <LOD/ <LOD/ 101/101 100/99

Baby food 44/5 52/5 101/101 95/95

Breakfast cereals 131/5 133/4 100/100 97/97

Potato chips 759/3 717/2 108/109 91/98

Muesli 53/7 55/3 110/106 97/97

Gingerbread 269/6 251/5 108/102 100/99

Spice paprika 571/7 538/7 /96 /93

Spice pepper 527/6 488/5 /104 /103

Crisp bread 188/6 185/1 /97 /95

μ –1

– –1 1

n n

n.a. n.a.

n.a. n.a.

n.a. n.a.

n.a. n.a.

Table 1

Performance characteristics of HPLC-MS/MS and UHPLC-TOF MS methods, various food

matrices.

Fig. . Analysis of acrylamide in baby food: (A) HPLC-MS/MS, acrylamide level 53 μg kg monitored transitions 72 55,

75 58, (B) UHPLC-TOF MS, acrylamide level 55 μg kg , under conditions of 0.02 Da mass window settings for extraction of

target ions.

–11 →

→ –1

Fig. .2 HPLC-MS/MS analysis of acrylamide in dark beer (10 μg L ), monitored

transitions, unit resolution.

–1
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levels from 10 to 2500 g per kg of sample. The relative

response of acrylamide to internal standard is linear

within this range, with typical correlation coefficient

0.9999 for both techniques.

Precision of the methods was characterized as

relative standard deviation (RSD), which was calcu-

lated from six repetitive analyses of tested samples.

The obtained results, which are presented in Tab. 1

and 2, ranged between 1–7 %, depending on food

matrix and extraction technique.

Isotopically labelled internal standard ( C - acryl-

amide) effectively compensates for variability in

acrylamide partitioning (100 % relative recovery) and

signal suppression in LC-MS analysis. The trueness

was firstly characterized as the recovery of acryl-

amide, which was calculated from four repetitive

analyses of samples containing acrylamide. These

samples were further spiked with acrylamide to reach

a level of 100 and 1000 μg kg . Achieved recoveries

of acrylamide were between 91–110% (see Tab. 1

and 2) depending on the examined food matrix, extra-

ction technique and spiking level. Secondly, the

trueness was characterized by the analyses of

reference materials with known acrylamide levels

(samples from interlaboratory tests FAPAS , Food

Analysis Performance Assessment Scheme). The

results of analyses of these samples are shown in

Tab. 3. All measured values would meet the desired

Z-score ≤|2|.

The estimations of the limit of quantifications

(LOQs) in all tested matrices were approximately

30 μg kg for the QuEChERS extraction. The limit of

quantification of the validated method for acrylamide

determination in beer (two-step SPE clean-up) was

5 μg L . It is necessary to emphasize that LOD and

R =2

13

3

–1

®

–1

–1

LOQ are dependent on the actual instrument co

dition, the values here presented thus are approximate

only.

Modified QuEChERS method employing basic Al O

for dispersive solid phase extraction has been

demonstrated as an efficient clean-up strategy in

acrylamide analysis in various matrices. The

determination of acrylamide in such complicated

matrix as beer represents the only exception. In this

case it is necessary to use a two-step SPE clean-up to

obtain satisfactory results.

Simplification and acceleration of acrylamide

analysis was the main objective of our study. A pro-

gressive analytical approach using UHPLC-TOF MS

determinative step has been developed and compared

to an HPLC-MS/MS based method. Comparable or

even better results (LOQs, repeatability) were

obtained with the new instrumental approach. Besides

of that, the main advantage of the UHPLC-TOF MS

method is higher sample throughput compared to the

commonly used HPLC-MS/MS method.

n-

4. Conclusions

2 3
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Various volatile aliphatic amines are the reason for the

typical fishy odor developing upon biodegradation of

seafood tissue and are often responsible for toxic

symptoms associated with fish or shrimp con

sumption [1]. The monitoring of this process can

prove to be important in the quality control of seafood.

Efficient control of amine levels in remote places

requires simple, portable, fast and reliable analytical

methods [2]. We have developed a method for the

separation and determination of volatile aliphatic

amines in complex sample matrices using a

combination of headspace single drop micro

extraction (HS-SDME), microchip electrophoresis

and capacitively coupled contactless conductivity

detection (C D). The separations are carried out with

PMMA chips with integrated gold C D electrodes for

contactless conductivity detection. The chip is inser

ted into a portable and compact device (ChipGenie)

which contains all relevant components, like high

voltage power supply or detection electronics, needed

for the determination of charged analytes.

The device can be connected via USB to a personal

computer and the data are analyzed with the corres

ponding LabView software. To avoid interferences by

complex sample matrices, the ultrasound-assisted

headspace single drop microextraction (HS-SDME)

is used. Ultrasonic radiation is applied to the sample

solutions (alkaline conditions) and the volatile amines

are transferred from the solution into a 5 µL drop of

separation buffer (His/MES, pH 6) which is exposed

at the end of a microlitre syringe (head space). The

preconcentrated samples are transferred into the chip

sample reservoir, diluted and inserted with the chip

into the ChipGenie system. By this means,

-

-

-

-

five

4

4

volatile amines (methylamine, dimethylamine,

trimethylamine, diethylamine and triethylamine) are

separated in less than 35 seconds at a separation

voltage of 3.8 kV. In the course of the studies all

relevant parameters, like separation voltage, buffer

pH, detection voltage, extraction time, were optimi

zed and applied to the real samples. Finally, the

development of volatile amines resulting from

improper storage of fish or shrimp samples could be

studied.

-
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Fig. .1 Representative electropherogram for the separation of

volatile aliphatic amines (concentration: 3 ppm) using a

PMMA microchip with C D detection. The determination was

carried out at a separation voltage of 3.8 kV and was achieved in

less than 35 sec .
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Abstract

A new microextraction technique was developed as an alternative method for precon

centration and determination of some environmental pollutants in aqueous samples. The

microextraction technique was off-line coupled with fast gas chromatography with flame

ionization detector (fast GC-FID). The effects of different experimental parameters on

the extraction efficiency were studied simultaneously using the collection of statistical

methods called response surface methodology. The selected analytes cover a broad

polarity range: toluene, ethylbenzene, mesitylene, phenol, nitrobenzene, -octanol,

naphthalene, dimethylphthalate and methylhexadecanoate. The variables of interest in

the microextraction process were volume of extraction solvent (heptane), effect of salt

addition, stirring rate, diameter of extraction vial and extraction time.APlackett-Burman

design was used for screening of variables in order to determine the significant variables

that affect extraction efficiency and the obtained significant factors were optimized by

using a central composite design. The quadratic model (equation) was built for the used

system to include the possible curvature of the response surface and the mutual

interactions among the experimental parameters. The optimum experimental conditions

were determined as: extraction time 16 min, volume of extraction solvent (heptane)

115 μl, stirring rate 850 rpm, diameter of extraction vial 1.9 cm and addition of 1.24 g of

sodium chloride. The experimentally measured response under optimized conditions

reached 102% of the predicted one which fact demonstrates very good agreement

between the proposed model and real system and the validity of selected model

presumptions.

-

n

1. Introduction

The term optimization has been commonly used in

analytical chemistry as a means of discovering con

ditions at which to apply a procedure that produced the

best possible response [1]. In order to improve the

optimization of analytical procedures multivariate

statistic techniques has been carried out, namely,

response surface methodology. R

is a collection of mathematical and

statistical techniques based on the fit of a polynomial

equation to the experimental data, which must

describe the behavior of a data set with the objective of

making statistical prevision [2].

The main step in the successful utilization of

microextraction is selection of experimental condi

tions that can provide acceptable response at low

analyte concentration. The following points are consi

dered essential in the conduct of simple chemometric

optimization [2].

-

-

-

esponse surface

methodology

1) Definition of the problem and selection of the

appropriate variables and responses.

2) Screening studies

3) Choice of design of experiment

The selected experimental parameters are listed in the

abstract. As the analytical response, either the peak

areas of single analytes or the sum of peak areas of all

analytes measured are used.

Reduced factorial designs are commonly recom

mended for the screening to limit the large number of

experimental parameters to be optimized. The Plac

kett-Burman design was used which assume that the

interactions among the parameters can be completely

ignored at this stage, so, the main effects on the

analytical response are evaluated with a reduced

number of experiments [3, 4].

The choice of design of experiment (plan of experi

ments) is quite difficult step because there are several

possibilities (Box-Behnken design, Doehlert design,

-

-

-
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full three-level factorial design or central composite

design) [2 4].As the most suitable the central compo

site design (CCD) was chosen because it involves

three mostly used ones: two-level full factorial,

fractional factorial and star design [2, 5].

In this step coefficients of polynomial equation which

describes the dependence of the selected response on

the experimental parameters are evaluated. In contrast

to the screening step, possible interactions among the

main parameters and squares of experimental

parameters are included owing to possible curvature

of the response surface of the mathematical model.

Commonly, points 5 6 are implemented within the

statistical software used.

The Derringer method (desirability function) was

used for allocation of the optimal conditions and

compromise between variables of the microextrac

tion [2].

[5]

Ethylbenzene, nitrobenzene, n-octanol and dimethyl

phthalate (all 99%) were purchased from Aldrich

(Steinheim, Germany). Toluene and phenol (both p.a.)

were purchased from Lachema (Neratovice, C ) and

mesitylene (99 %) was obtained from Fluka (Den

mark, Germany). The internal standard in extraction

solvent (methylhexadecanoate) was provided by

Theta (USA). NaCl (p.a.) was obtained from Lach-

Ner (Neratovice, C ). Methanol (p.a., Lachema) and

heptane (99.5%, Fluka) were used as solvents. Water

was purified using a Mille-Q Plus (Millipore, Bille

rica, MA, USA).

The stock solution (10 ml) of mixture of analytes was

prepared in methanol at concentration 1 mg m of

each analyte. Heptane and methylhexadecanoate

(100.2 μg m ) were used as the extraction solvent

and as the internal standard, respectively. All stock

solutions were stored at 4 °C.

– -

and

-

-

Z

-

- Z

-

L

4) Mathematical model fitting

5) Model adequacy checking

6) Analysis of model and effect estimates

7) Allocation of the optimum

8) Robustness checking

2.1. Chemicals and olvents

2.2. Stock olutions

S

S

2. Experimental

–1

L
–1

2.3. GC Instrumentation

2.4. Statistical oftware

3.1. Screening esign

Analyses were performed on a GC-2010 gas

chromatograph (Shimadzu) with FID. Separation was

performed on a 9 7 m 0 15 mm Chromacol

CP-Sil 5CB capillary column coated with 5% di

phenyl-95 % dimethyl-polysiloxane (0 12 μm).

The fast-GC temperature program was: 40 °C

(1 min), at 50 °C min to 100 °C, at 100 °C min to

250 °C (1 min).

The carrier gas (hydrogen, 4.0, Linde, C ) flow

rate was in constant flow mode at 70 cm s . The

temperature of detector and injector was 300 °C.

Nitrogen (5.0) and synthetic air for GC were from

Linde, Czech Republic.

The GC Solutions program (Shimadzu), ver. 2.30.

was used for acquisition and data evaluation. The

program Microcal Origin (OriginLab, USA) was used

for graphical presentation of measured data.

The new microextraction technique is being

applied for the patent therefore no details could be

presented at the moment.

The data and experimental design were processed by

statistical program NCSS 2004 (Number Cruncher

Statistical Systems, Kaysville, Utah, USA), Design

Expert (ver. 8.0.10., Stat-ease, Inc., Minneapolis,

USA) and Minitab 16 (Minitab Inc., State College PA,

USA).

Five experimental parameters, extraction time, volu

me of extraction solvent, stirring rate, diameter of

extraction vial and addition of salt, were selected in

order to obtain the optimum conditions for the

microextraction procedure and their low and high

values are listed in Table 1. The Plackett-Burman

design was used for screening of these variables. The

overall design matrix contained runs in duplicate

. × . i.d.

-

.

Z

-

eight

–1 –1

–1

S

D

3. Results and iscussionD

Table 1

The experimental variables and their levels in the Plackett-

Burman design.-

–

[ ]

[ ]

[ ]

[ ]

[ ]

Factor Low ( 1) High (+1)

1 Stirring rate rpm 500 850

2 Extraction volume (heptane) μL 100 300

3 Weight of sodium chloride g 0 2

4 Extraction time min 5 20

5 Dummy 1 1 +1

6 Diameter of vial cm 1.9 2.7

7 Dummy 2 1 +1

–

–



Fig. .4 Response surface plot for the solvent extraction volume

v the salt effect for the total relative area (the extraction time

was 25 min).

ersus

Fig. .3 Response surface plot for the extraction time v the

salt effect for the total relative area (the extraction volume was

200 μL).

ersus
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which are carried out randomly to nullify the effect of

extraneous or nuisance factors. The analysis of

variance was used to evaluate the data and statistically

significant effects are determined using -test (95%

probability) [5] and the normalized results are

reviewed in Pareto chart (Fig. 1) [5]. According to

Fig. 1, the volume of heptane was the most significant

variable having the highest effect on the extraction

efficiency of all analytes, followed by the extraction

time. The salt effect showed non-significant effect on

overall extraction efficiency, but it showed significant

effect for some separate analytes and therefore it was

added to the following procedure. Stirring rate, dia

meter of vial had no significant effects on the

extraction efficiency. The stirring rate of 850 rpm and

the extraction vial with diameter 1.9 cm were held

constant.

Based on first screening study three variables

(extraction time, extraction volume of solvent and salt

effect) were used for next part of response surface

methodology.

The resulting significant variables were used in the

CCD for investigation of

their interaction and their examined levels are listed in

Table 2. This design permitted the response to be

modeled by fitting a second-order

t

3.2. Central omposite esign

-

C D

c )

–

entral composite design (

polynomial

equation. The design consists of a factorial design

with star points located at +α and α from the center

of the experimental domain in order to fulfill the

rotatability condition of the CCD [3 6].– The overall

design matrix consists of 20 runs (8-factorials,

6-central and 6-star experiments). The results of

experiments were evaluated by ANOVA test and

Fig. .1 Standardized main effect Pareto chart for the Plackett-

Burman design. Vertical line in the chart defines 95% confidence

level.

-

Factor 1 0 +1

Extraction time min 16 20 25 30 34

Extraction volume (heptane) μl 115 150 200 250 285

Weight of sodium chloride g 0.07 0.8 1.8 2.8 3.53

–

[ ]

[ ]

[ ]

α ( 1.68) +α (+1.68)– –

Table 2

The experimental variables, their levels and star points in the central composite

design.

Fig. .2 Response surface plot for the extraction solvent volume

the extraction time for the total relative area (the addition of

sodium chloride was 1.8 g).

versus

A

G

F

C

E

D

B

76543210

T
e

rm

Standardized Effect

2,306

A stirring rate

B extraction volume

C sodium chloride

D time

E dummy 1

F diameter

G dummy 2

Factor Name

Pareto Chart of the Standardized Effects
(Alpha = 0,05)
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a second-order polynomial regression model (Table 3)

was used to calculate the response surface for each

variable separately (Figs. 2 4). Fig 2 shows the

response surface obtained by plotting the extraction

solvent volume (heptane) v the extraction time

with the weight of salt fixed at 1.8 g whereas Fig. 3

shows the response surface plot of the salt addition

v the extraction time with the extraction solvent

volume fixed at 200 μl. Fig 4 shows the response

surface chart with interaction between the salt

addition and the extraction solvent volume during

25 min long extraction.

The second order polynomial model was used to fit the

optimal conditions. Applying the desirability

function, Design Expert software located the optimal

condition as follows: the extraction time was 16 min,

the volume of heptane 115 μL and the addition of

NaCl was 1.24 g. At these conditions, the system

3.3. Allocation of the ptimaO

experimental response reached value 17.08 (sum of

relative peak areas), whereas the predicted response

value was 16.86. This agreement demonstrates the

applicability and validity of the optimization

procedure applied.

New liquid-liquid microextraction technique was

optimized for determination of selected environ

mental pollutants by GC-FID. The Plackett-Burman

design and the central composite design were used

within the framework of response surface metho

dology to evaluate the optimal experimental

parameters with the minimum number of experi

ments. Under selected optimal conditions, the

microextraction technique was tested for several

environmental pollutants present in aqueous samples.

4. Conclusion

-

-

-
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Parameter Value

Intercept 11 62

Time 1 79

Volume 2.62

Salt 1.52

1.41

Time × volume × 1.22

Time × salt ×

Volume × salt ×

Coeficient of determination 0.8807

β .

.

–

x
x
x
x
x
x

x x
x x
x x

R

1

2

2

3

3

2

2

1

2

1 2

1 3

2 3

a

–

–

–

–

–

–

2

a

a

a

a Not significant.

Table 3

The parameters of second-order polynomial equation from the

central composite design.
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Abstract

In this study, a new and efficient method for analysis of 16 polycyclic aromatic hydro-

carbons (16 EU PAHs) which are classified as a priority for various food groups by the

Scientific Committee on Food (SCF) in different types of tea samples (black, green,

white) is described. The sample preparation procedure included ethyl acetate extraction

followed by a solid phase extraction (SPE) using a molecularly imprinted polymers

(MIPs) column for a selective isolation of target compounds was optimized and

validated. For the final identification/quantitation of target 16 EU PAHs a two-dimensio-

nal gas chromatography coupled with a time-of-flight mass spectrometry (GC×GC- TOF

MS) was used. Performance characteristics of this new procedure including repeatability

(2–9%), limit of quantitations (LOQs = 0.15–0.30 μg kg ) and recovery (73–103 %)

were assessed.

−1

1. Introduction

Tea is an old, worldwide popular commodity. It is

valued for its specific aroma and flavour, as well as for

health-promoting properties. However, under certain

conditions tea leaves may contain some contaminants

such as pesticides originated from pre/post and

harvest treatment or polycyclic aromatic hydro-

carbons (PAHs), which may indicate improper

process of tea leaves drying. Recently, an increasing

public concern and a scientific investigation have

been focused on the occurrence of PAHs and their

control in herbal products of plant teas to assess the

potential health hazards more thoroughly [1].

P , a group of

organic pollutants that consists of two or more fused

aromatic rings, are a well-known class of carcinogenic

compounds found in various foods, and they have

been intensively studied over the last decade. Gaseous

and particle-bound PAHs can be transported over long

distances before deposition on vegetation. This could

cause human exposure to PAHs through contaminated

food consumption and, thus, might pose a human

health risk. Tea leaves with high surface area may

accumulate PAHs, especially from air. As another

source of PAHs may be considered production process

itself if tea leaves are dried using combustion gases

generated by burning wood, oil or coal. PAHs are

invariably present in the combustion gases, and can be

absorbed by tea product when they come in

contact [2].

Considering a number of papers dealing with the

olycyclic aromatic hydro-carbons

occurrence of PAHs in tea, the high levels of PAH in

this commodity have been widely proved [1–7].

However, no data on levels of genotoxic 16 EU PAHs

which are classified as a priority for different food

groups by Scientific Committee on Food (SCF) have

been reported until now [8].

Most of analytical methods used for the determi-

nation of PAHs in different types of tea samples

involve various types of extraction and clean-up

procedures. Pressurized liquid extraction (PLE) [5],

saponification [6] and soxhlet extraction [3, 9] are

possible extraction techniques. Solid phase extraction

(SPE) [4, 9] and gel permeation extraction (GPC) [5]

can be used as the following clean-up step. For the

detection and quantitation of PAHs in tea samples,

a high performance liquid chromatography with

photometric or fluorimetric detection [2, 10–12]

and/or a gas chromatography with flame ionization

detector [6] or mass spectrometric detector [6, 13]

were typically used.

The aim of the presented study was to optimize and

validate a fast and simple sample preparation

procedure for the determination of 16 EU PAHs, in tea

samples.

A sample of black tea (originated from China)

obtained at the Czech retail market was used for

a method development and validation. Before

2. Experimental

2.1. Method Test Material
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experiments, tea sample was homogenized using

GRINDOMIX GM 200 (Retsch, Germany) and stored

at the room temperature.

-hexane, cyclohexane, toluene ethyl acetate and

dichloromethane (Merck, Germany) and acetonitrile

(HPLC gradient grade, J. T. Beaker), were used as

supplied. Magnesium sulphate and sodium chloride

were delivered from Sigma Aldrich (Germany) and

Lach-Ner (Czech Republic), respectively. Styrene-

-divinylbenzene gel (Bio-Beads S-X3, 200–400

mesh) was purchased from Bio-Rad (USA).

SupelMIP SPE-PAH was purchased from Supelco

(USA).

Individual standard solutions of 16 priority PAHs

dissolved in cyclohexane were supplied by Dr. Ehren-

storfer GmbH (Germany). Purity of individual stan-

dards was not less than 95%. Certified standard

solution of labelled PAHs in nonane, was supplied by

Cambridge Isotope Laboratories Inc. (USA).

2.3.1. Isolation

In the first step, 3 different extraction solvents:

acetonitrile (MeCN), ethyl acetate (EtOAc) and

hexane (Hex) were tested for the extraction of 16

target PAHs. 2.5 g of homogenized tea (with surrogate

C-PAH 20 ng absolutely) was mixed with 10 mL of

water and 10 mL of respective extraction solvent in

polypropylene tube and then shaken vigorously for

1 min. Subsequently, 4 g of MgSO and 1 g of NaCl

were added. The tube was shaken for 1 min once

again, than centrifuged for 5 min (11 000 min ) and

finally an aliquot of 5 mL from the upper layer was

taken from the tube and evaporated.

2.3.2. Clean-up

To evaluate the efficiency of this new extraction step,

a routinely used GPC technique was firstly employed

for a clean-up. Afterwards, when the isolation of

PAHs was fully optimized, a GPC was replaced by

SupelMIP SPE-PAH column.

For the GPC clean-up, Bio-Beads

S-X3 gel as a stationary phase and chloroform as a

mobile phase was used. The fraction corresponding to

the elution volume of 16–32 mL was collected. After

evaporation, the residue was dissolved in 1 mL of

-hexane and was cleaned-up using 1 g silica gel SPE

2.2. Chemicals

n

2.3. Analytical Method

(i) (ii)

(iii)

Clean-up by GPC followed by SPE on silicagel

mini columns:

n

®

TM

13

4

–1

TM

®

mini column and hexane:dichloromethane (3:1, v/v)

as the elution solvent. Eluate was evaporated and

dissolved in 0.25 mLtoluene

The

SPE MIPs column was conditioned with 1 mL of

cyclohexane and 2.5 mL of sample in cyclohexane

were loaded. After that the column was washed with

3 mL of cyclohexane. For the elution of PAHs 6 mL of

dichloromethane were used. Eluate was evaporated

and dissolved in 0.25 mLtoluene.

All experiments were performed using an Agilent

6890N GC system (Agilent, USA) coupled to a Pega-

sus III (LECO Corp, USA) high-speed time-of-flight

mass spectrometer (GC-TOF MS) operated in

electron ionization mode (EI). Target analytes were

separated on BPX-50 capillary column (30 m ×

× 0.25 mm i.d.;

× 0.1 mm i.d.;

. Oven

temperature programme: 1st column BPX-50: 80 °C

(4.3 min), 30 °C min to 240 °C, 2 °C to

270 °C, 5 °C to 320 °C, 40 °C to 360 °C

(12 min) 2nd column BPX-5: 90 °C (4.3 min),

30 °C to 250 °C, 2 °C to 280 °C,

5 °C to 330 °C, 40 °C to 360 °C (12 min).

Carrier gas helium with flow 1.3 mL

n); inlet rating velocity: 400 °C; final

inlet temperature: 300 °C.

The TOFMS detector was operated under the

following conditions: mass range: = 45–750; ion

source temperature: 250 °C; transfer line temperature:

280 °C; acquisition speed: 100 spectra s . The

modulation period was 4.5 s. The ChromaTOF 4.24

software (LECO Corp, USA) was used for data

processing.

At the beginning of our study, an efficiency of

extraction procedure for isolation of PAHs from tea

samples was optimized. Within the conducted

experiments, following parameters were tested:

a) extraction solvent (Hex, MeCN, EtOAc),

b) addition of amount of NaCl in the partition step, and

c) two different cleans-up techniques.

Subsequently, the optimized extraction procedure

was fully validated by analysis of black tea sample

fortified with target analytes at two concentration

levels ).

Clean-up on SupelMIP SPE-PAH column:

2.4. GC ×GC-TOF MS Analysis

m/z

TM

–1

0.25 μm film thickness) and BPX-5

capillary column (1 m 0.1 μm film

thickness). The GC conditions were as follows

; PTV

injection: solvent vent; 1 8 μl; initial temperature:

50 °C (2.3 mi

(0.5 and 5 μg kg

min

min min

min min

min min

min

–1

–1 –1

–1 –1

–1 –1

–1

–1

–1

;

×

3. Results and Discussion



Fig. 2. Extraction efficiency of PAHs when two solvent (acetonitrile and ethylacetate) was used with NaCl addition 1 and 2 g. The

extraction by acetonitrile and 1 g NaCl addition was set as 100 %.

Fig. 1. Extraction efficiency of eight most important representatives of PAHs. Using three extraction solvent for the isolation.

The extraction with acetonitrile and 1 g of NaCl was set as 100 %.
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3.1. Optimization of Extraction Step

3.1.1. Selection of Extraction Solvent

As already mentioned before, three solvents were

evaluated for their extraction efficiency. The results

obtained in this study are shown in Figure 1. Very low

recoveries were obtained when using non-polar

hexane (although PAHs are highly hydrophobic), on

the other hand, comparable extraction efficiency of

ethylacetate and acetonitrile was achieved. Therefore,

the later two solvents were selected for optimization

follow up experiments.

3.1.2. Optimization of NaCl Addition

One of the most important parts of the method

optimisation was the selection of NaCl amount

(1 or 2 g) added within partition step (see Figure 2).

The best results were achieved when 1 g of NaCl was

added into the sample and ethyl acetate was used as

extraction solvent. The results obtained when the

amount of NaCl was 2 g and extraction solvent was

acetonitrile, were almost comparable. The choice of

ethyl acetate is not based only economically (lower

cost) but also due to lower toxicity and time needed for

evaporation.

3.1.3. Comparison of Clean-up Techniques

Tea matrix (black, green tea) contains a high amount

of polyphenols, methyl xanthines such as caffeine,

purines and also different phenolic acids [4]. The main

aim of clean-up step optimisation was to remove those

co-extracts as much as possible using different

procedures. The most commonly used techniques for

clean-up are (GPC) on Bio Beads S-X3 and SPE [6, 7,

9–12], which are also compared here GPC

followed by SPE and SupelcoMIPs SPE. As

shown in Figure 3 and 4, both of the tested clean-up

techniques are suitable for clean-up of tea samples

before GC×GC-TOF MS analyses, but comparing

(i)

(ii)

0

20

40

60

80

100

120

BaA Chr BbF BkF BaP DBahA BghiP IcdP

%

Hex MeCN EtOAc

0

20

40

60

80

100

120

BaA Chr BbF BkF BaP DBahA BghiP IcdP

%

MeCN1gNaCl MeCN2gNaCl EtOAc1 g NaCl EtOAc2g NaCl
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time consumption, the latter one is much more

advanta geous.

In order to verify the accuracy of the optimized sample

preparation procedure (extraction solvent ethyl

acetate, 1 g NaCl, 10 mL H O added from partition,

followed by MIPS SPE clean-up), recovery and

repeatability experiments were carried out at levels

. Within the validation study, spiked

samples of dry black tea were used. Six replicates

were performed for both spiking levels. With each six

samples, the procedural blank was prepared. The

recoveries (%) and repeatabilities, expressed as

RSD (%), calculated from these six replicates are

shown in Table

.

-

3.2. Method Validation

2

1
0.5 and 5 μg kg

. Limits of quantitations (LOQs) for

all 16 EU target PAHs of the optimised method are

between 0.15 and 0.30 μg kg

–

1

–1

4. Conclusions

The new, simple and rapid analytical method for the

determination of 16 EU PAHs in tea samples was

developed and validated within this study. The

performance characteristics for all target analytes are

as follows: recoveries 73 103 %, repeatabilities

2 9 % and . The optimi

zed ethyl acetate extraction with subsequent purifi

cation on MIPs SPE columns and final determination

on GC×GC TOF MS represents a very rapid method

for analysis of 16 EU PAHs in teas.

The extraction procedure enabled satisfactory

results and is less time-consuming (12 samples in

1 hour) compared to saponification, Soxhlet

extraction or even PLE which are at present most

commonly used techniques in routine laboratories. In

the follow up project, the set of 90 tea samples

originated from various Asian countries will be

(i) (ii)

(iii

–

– –) LOQs, 0.15 0.3 μg kg
–1

-

-

-

Fig. 3. Illustrative chromatogram of black tea sample spiked with

PAH , GC×GC-TOF MS) clean-up using GPC follo-

wed by SPE. Injected equivalent of matrix: 20 mg.

s (0.5 μg kg–1

Fig. .4 Illustrative chromatogram of black tea sample spiked with

PAH , GC×GC-TOF MS) clean-up using Supelco

MIP PAHs. Injected equivalent of matrix: 20 mg.

s (0.5 μg kg–1 -

Level I ( ) Level II ( )

Recovery Repeatability Recovery Repeatability LOQ

% μg kg

BcFln 73 4 82 4 0.3

BaA 86 4 84 5 0.15

Chr 88 3 89 3 0.15

CPcdP 84 6 84 5 0.15

5-MeChr 85 2 90 3 0.3

BbF 98 2 103 2 0.15

BkF 93 3 88 2 0.15

BjF 87 5 95 6 0.15

BaP 88 3 92 5 0.15

DBahA 88 4 84 7 0.15

IcdP 86 4 92 4 0.15

BghiP 76 2 81 3 0.15

DBalP 85 5 84 5 0.3

DBaeP 75 3 82 4 0.3

DBaiP 77 6 82 8 0.3

DBahP 79 5 84 6 0.3

0.5 μg kg 5 μg kg

% % %

–1 –1

–1[ ] [ ] [ ] [ ] [ ]

Table 1

Recovery and repeatability RSD) of all target PAHs calculated from

replicates of spiked tea

( sixteen six

.at two levels
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examined using this method.
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Abstract

A slurry packing technique was employed to pack fused silica capillaries with Nucleosil

C18 stationary phase. In attempt to improve the packing process, the influence of

sonication and length of the bed compaction phase on the separation efficiency and

the kinetic performance were studied. Selected columns were tested again after a few

months of storage in order to determine the stability of the stationary phase bed. Neither

the separation efficiency nor the kinetic performance was influenced by the length of the

bed compaction phase. A major difference in the stationary phase bed density was

observed between the sonicated and non-sonicated columns. The denser beds of the

sonicated columns resulted in lower kinetic performance. On the other hand, the bed

stability was increased and therefore, the performance of the sonicated columns did not

deteriorate with time.

1. Introduction

Micro-separation methods are widely used these days

as they are environmentally friendly and require only

a small amount of sample. A very attractive way of

acquiring a capillary column is packing of one s own.

Packing process is quite simple, cheap and such

a column can be customized to meet the desired

requirements. The easiest packing method is called

slurry packing [1 4]. Stationary phase slurry is

pushed into an empty column by a solvent under

pressure. The stationary phase particles are retained

inside by the column s outlet frit. When the column is

filled, the obtained stationary phase bed is compacted

by rinsing with a suitable solvent.

There is a number of conditions in the packing

process that could influence the resulting column

performance. Some of these conditions have already

been studied, for instance solvents used [5, 6],

connection between the column and the slurry

reservoir [1, 7] and slurry concentration [8 10]. The

influence of others is yet uncertain and they are

usually selected by trial and error. The stationary

phase bed is usually compacted for 20 30 minutes

[9, 11, 12], although a longer time was also used

(1 hour [5], 12 hours [13]). Sonication was sometimes

employed to produce more compact stationary phase

beds [4, 12, 14] but the exact effect is unclear, as no

problems were reported when the sonication was not

used during the packing [13, 15].

’

–

’

–

–

2. Experimental

Polyimide coated fused silica capillaries were

purchased from Supelco (Bellefonte, USA). Nucleo

sil C18 stationary phase with 5-μm particles was from

Macherey-Nagel (Düren, Germany). Acetonitrile,

HPLC grade, and toluene, pure, were purchased from

Merck (Darmstadt, Germany). Thiourea, pure, was

from Sigma-Aldrich (St. Louis, USA). Phenol, p.a.

was from Penta (Prague, Czech Republic). Deionized

water was purified with Milli-Q Water Purification

System (Millipore, USA). Isocratic pump LCP 4000

(Ecom, Prague, Czech Republic) and ultrasound bath

Elmasonic S15H (P-Lab, Prague, Czech Republic)

were used to pack the capillaries. The chromato

graphic system consisted of syringe pump 100DM

(Isco, Lincoln, USA), 100 nl valve injector (Valco

Instrument, Schenkon, Switzerland) and UVIS-205

spectrophotometric detector (Linear Instruments, San

Jose, USA).

The packing process was based on earlier works

[3, 5, 8]. To prepare an empty column, a piece of glass

wool was first pushed into one end of a 320 μm i.d.

capillary to serve as an outlet frit. A short

75 μm i.d./280 μm o.d. capillary was then cemented

into the 320 μm i.d. capillary to secure the glass wool

inside. The column was connected to a slurry reservoir

made from an empty stainless steel HPLC column

with an approximate volume of 1.5 cm . Slurry

concentration was 0.05 g cm in 100% acetonitrile

and it was sonicated for 10 minutes prior to transfer

-

-

3

3

The Stationary Phase Bed Compaction during

the Slurry Packing of Capillary Columns
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into the reservoir. 65% acetonitrile was used as the

packing solvent. The initial flow was set to

0.3 m min and lowered once the pressure reached

30 MPa in order to maintain the pressure. After the

column was filled, the pressure was increased to

33 MPa and held for 5, 15 or 30 minutes to compact

the stationary phase bed. The columns packed using

ultrasound were sonicated for 10 or 25 minutes and

then compacted for another 5 minutes without

sonication. The packing conditions are summarized in

Table 1.

The test sample consisted of 1 mg cm thiourea,

10 mg cm phenol and 10 mg cm toluene. Flow cell

diameter was 100 μm, detector was set to the

wavelength of 214 nm. Mobile phase was 65% aceto

nitrile. The chromatograms were recorded and

analyzed with Clarity 2.4.4.105 (Data Apex, Prague,

Czech Republic). Origin 6.0 (OriginLab, Northam

pton, USA) was used to fit the van Deemter plots to the

obtained data.

The results in Table 2 show that the average theo

retical plate height ) values of all the columns were

similar regardless of the packing conditions. The

highest and the lowest values differ by 4.4 and 2.8 μm

for the test compounds phenol and toluene, resp. This

difference represents reduced plate height values of

approximately 1 and 0.5 particle diameter only.

Moreover, all the packing conditions resulted in

L

-

(

–

–

1

3

– –3 3

-

-

3. Results and Discussion

H

-

-

-

-

a good reproducibility of packing, except for the

15-minute bed compaction with 10-minute soni

cation. A high deviation of their values shows that

the sonication introduces a random effect into the

packing process. Therefore, the sonication has to be

used for a time long enough to balance this random

effect. 25 minutes of sonication proved to be suffi

cient. While no substantial difference in column

permeability exists among the columns compacted for

different times, there is an apparent influence of

sonication. The sonicated columns exhibited signi

ficantly lower column permeability values. Therefore,

the kinetic performance of the 30-minute sonicated

columns is slightly worse compared to the 30-minute

non-sonicated columns, in spite of the better

separation efficiency (compare the values of 30-mi

nute columns in Table 2).

The lower column permeability means a better

stationary phase bed compaction, a higher density and

consequently a higher bed stability. This fact was

proven by testing selected columns again after nine

months of storage. The values of all the tested

columns after the storage were lower by approxi

mately 2 μm for the test compound phenol and 1 μm

for the test compound toluene, regardless of the

packing conditions. The column permeability values

of the non-sonicated columns decreased by around

1 10 m , therefore their kinetic performance

deteriorated during the storage. On the other hand, the

column permeability values of the sonicated columns

decreased only by around 0.2 . Hence, their

kinetic performance remained unchanged.

When no sonication is used during the packing

process, the length of the bed compaction phase has no

influence on both the separation efficiency and the

kinetic performance. Such columns have less stable

beds and their performance deteriorates with time. As

they can be prepared quickly and easily, they are ideal

H

H

-

×
–14 2

×10 m
–14 2

4. Conclusion

) ( )

–

Total compaction time Sonication time

(min min

30 25

30

15 10

15

5

–

–

Table 1

Summary of the packing conditions columns were prepared

under each condition

, three

.

Bed RSD RSD

Compaction (phenol) (toluene) (phenol) (toluene) (phenol) (toluene)

Time μm μm % % 10 m

5 min 18.6 16.3 4.6 4.4 9900 5400 4.83

15 min 21.3 17.5 1.3 1.2 13500 6500 4.44

15 min 22.5 17.6 17.5 14.2 18500 9800 3.61

30 min 19.3 17.0 2.5 1.3 10300 6200 4.80

30 min 18.1 14.8 1.5 1.7 11200 5800 3.82

H H E E K

[ ] [ ] [ ] [ ] [ ]–14 2

a

a

a C .olumns packed with the aid of ultrasound

Table 2

Performance of the slurry-packed columns average theoretical plate height, RSD relative

standard deviation of theoretical plate height, average separation impedance, average

column permeability.

. –H

E K

–

– –
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for testing of new stationary phases or harsh sepa

ration conditions. The sonicated columns have highly

stable beds and their separation efficiency is slightly

better, provided that the sonication was used for

a sufficient length of time to balance its random

effects. Their performance remains the same during

several months at least.

-
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1. Introduction

The interest in perfluorinated compounds (PFCs) has

exponentially increased since the end of 20th century.

With regard to a wide range of applications, such as

e.g. surface treatment agents, polymerization aids and

in fire-fighting foams and their exceptional stability in

the environment, PFCs have “emerged” as a global

pollution problem [1 3].

Perfluooroctane sulfonate (PFOS) and perfluoro

octanoic acid (PFOA) together with a major PFOS

precursor, perfluooroctane sulfonamide (FOSA), are

the most investigated representatives of these POPs

[4 7]. Contrary to polychlorinated biphenyls (PCBs)

or polybrominated diphenyl ethers (PBDEs) which

can be accumulated in lipid-rich tissue PFCs bind to

blood proteins and thus accumulate in liver. For this

reason analytical methods for determination of

classic

–

-

–

hydrophobic POPs are not applicable for

PFCs analysis. Recently, the review focusing on

extraction and clean up strategies employed for the

PFCs analysis in environmental and human matrices

has been published [8]. Most of older studies of the

biota samples applied ion-pair extraction (IPE) intro

duced by Hansen [9]. Unfortunately, this procedure is

a very time-consuming, laborious and moreover

,

,

“ ”

-

, ,

some lipids and other less polar matrix components

are co-isolated and may interfere (strong matrix

effects) within an instrumental determinative step,

therefore simple isolation/clean-up approaches were

developed [10]. For instance, polar solvents such as

methanol, acetonitrile, or aqueous solutions of formic

and acetic acid or its salts have been employed for

isolation of PFCs from biological samples. For

removing of matrix components from crude extracts,

solid-phase extraction (SPE) on HLB o WAX

cartridges was used [11 13]. In some studies, alkaline

digestion was carried out prior to SPE step [14, 15].

Alternatively, dispersive Envi-Carb

r

–

eight

-

®

–1

sorbent can be

employed [14, 16].

The European Food Safety Authority (EFSA),

based on CONTAM (Scientific Panel on Contami-

nants in the Food Chain) recommendation, establi-

shed the tolerable daily intake (TDI) 150 ng kg b.w.

for PFOS and 1500 ng kg b.w. for PFOA, from July

2008 [17]. In May 2009, PFOS and its salts, together

with other halogenated POPs, was listed on the

Stockholm convention on persistent organic pollu

tants [18]. In March 2010, the European Commission

(EC) recommended to member states to monitor

presence of perfluoroalkylated substances including

PFOS, PFOA, their precursors such as FOSA,

–1

Abstract

Perfluorinated compounds (PFCs), a wide group of food and environmental conta

minants, have been found until now in various types of both abiotic and biotic matrices

including human samples, such as plasma, blood and/or breast milk. To assess health

risks associated with a dietary intake of these compounds European Food Safety

Authority (EFSA) recommended to member states to monitor major representatives of

these persistent organic compounds (POPs) perfluorooctane sulfonate (PFOS), per

fluorooctanoic acid (PFOA) and perfluorooctane sulfonamide (FOSA) , which is

precursor of PFOS, in various types of food stuff.

Within the experiments of this study a simple, fast and cheap sample preparation

procedure including extraction and clean-up for PFOS, PFOA and FOSA in fish fillets

was validated, in accordance with the Commission Decision 2002/657/EC. The novel

analytical approach of crude methanol extract clean-up using carbon powder (activated

charcoal) combined with liquid chromatography tandem mass spectrometry

(LC-MS/MS) was applied. In comparison with other traditionally used methods for PFCs

which are rather time consuming and laborious, a sample preparation procedure

developed within this study needs only cca 60 minutes for 10 samples.

-

– -

, –



54
Proceedings of 6th ISC ModernAnalytical Chemistry ▪ Prague 2010

–

The aim of the presented study was to develop and

validate a simple, fast analytical procedure with LOQs

below 1 μg kg applicable for accurate analysis of

PFOS, PFOA and FOSA in fish tissues. To achieve

this objective, a charcoal-based clean-up step was

employed together with liquid chromatography (LC)

coupled with mass spectrometric detection (MS/MS).

N

2.1. Sample Preparation

2.2. HPLC-MS/MS Analysis

-EtFOSE, 8:2 FTOH and other similar compound

with different chain length (C4–C15) and also

polyfluoroalkyl phosphate surfactants (PAPS) in

order to estimate the relevance of their presence

in food. The used analytical methods have been

proven to generate reliable results; ideally the

recovery rates should be in the 70 120% range with

limit of quantifications (LOQs) of 1 μg kg [19].

2 g of representative fish sample were transferred to

plastic homogenizing (PP) tube and internal standards

were added (corresponds to concentration 3 μg kg ).

T 6 mL of

–

–1

–

1

1

2. Experimental

he sample was extracted with methanol

using Ultra Turrax homogenizer. Activated charcoal

was added to purify the suspension. Sample was

shaken 1 min on minishaker and centrifuged at

10 000 rpm for 5 min. The supernatant was filtered

through 0.2 μm centrifugal filter and approximately

500 μL transferred into vial for the following

HPLC-MS/MS analysis.

A HPLC Alliance 2695 module (Waters, USA)

coupled to a Quattro Premier XE mass spectrometer

(Waters, USA) was used for the determin

×

ammonium acetate and

methanol; at a flow rate of 0.3 mL min . The total

analysis time was 13 min, see Figure 1. Identification

or detection was performed with a tandem-quadrupole

mass spectrometer. The instrument was operated in

negative electrospray ionization multiple reaction

monitoring (MRM) mode. Retention times, moni-

tored transitions together with MS-settings are listed

in Table 1.

ation of

target analytes. All separations were carried out using

a separation column Atlantis T3 (50 2.1 mm, 3 μm),

maintained at 30°C. The mobile phase was water

containing 2 mmol L
–1

–1

2.3. Validation and Quality Control

Fig. .1 Chromatographic record of matrix matched standard at level 1 μg kg .–1

Compound Transition

PFOA 6.2

413

PFOS 6.6

499

FOSA 8.3

C PFOA 6.2

417

503

(min)

→ 169

→ 80

→ 169

→ 80

tR

13

4

413

499

498

417

→ 369

→ 99

→ 78

→ 369-

C -PFOS 6.6

C -FOSA 8.3

13

4

13

503

506

→ 99

→ 788

Table 1

Ion transitions of target analytes used in MRM analysis in

LC-MS/MS (masses in bold are those used for quantification).
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The method was validated according the Commission

Decision 2002/657/EC using fish fillets of trout

( ). In the first part of the work, six

replicates of blank material was fortified at levels

0.25, 0.5, 1, 1.5 and 2 μg kg with a standard mixture

of analytes including C labelled analogues for each

target compound and extracted as described before in

the section Sample preparation. Subsequently, the

experiment was repeated after 1 and 2 weeks to assess

the within-reproducibility variance. Validation inclu-

ded determination of the specificity, the calibration

curves, the recovery (trueness), the accuracy (repeat-

ability and reproducibility), the robustness, decision

limit (CC ) and detection limits (CC ).

The specificity – in order to prevent misidentifi-

cation of analytes due to interferences, retention time

was checked for each analyte. Additionally, two

transitions from a single precursor ion were monitored

to complete identification insurance. These tran-

sitions were chosen for each target analyte as the most

abundant ions produced from precursor.

Two types of blanks were included in the analysis:

instrumental blanks represented by methanol was

injected after every 20 samples to monitor

contamination leaching from the HPLC-MS/MS

system, and ) procedural blanks (matrix free

samples) analyzed with each set of samples were used

for checking possible laboratory contamination.

As mentioned in Introduction, sample preparation

procedures conducted within procedures frequently

published for determination of PFCs and related

compounds are very laborious and time-consuming.

The overcome these problems, an alternative clean-up

strategy was investigated in our study. Searching for

compromise allowing simplification of sample

handling procedure, we decided to test a dispersive

solid phase extraction (dSPE) approach.

One of the most important issues/problems in

PFCs analysis is an instrument background. So it is

really necessary to involve instrumental and pro-

cedure blanks in each sample sequence. While PFOS

was detected neither in instrumental nor in procedural

blanks, PFOA and FOSA signals were present in both

blanks. Their responses were very low, we assume that

the main source of intralaboratory contamination

originates from the polytetrafluorethylene parts of the

instrument.

Recoveries, repeatability and reproducibility of

the overall method were obtained by six replicates

of fortified samples at five concentration levels.

Recovery was calculated as the ratio between levels

Salmo trutta

(i)

(ii

–1

13

α β

3. Results and Discussion

measured and spiked amount and ranged from 85% to

110%, what is in agreement with 2002/657/EC where

70 to 120% is required. Repeatability was expressed

as relative standard deviations (RSD) and ranged from

2% to 15%. Reproducibility was per-formed on three

distinct days at one week interval in order to calculate

the method repeatability as the relative standard

deviation (RSD) of the recovery mean. It was

evaluated similarly with minor changes, such as with

different operators, different environment, different

solvent batches, etc.

The simple and fast analytical procedure, consists of

methanol extraction followed by clean-up of a crude

extract using activated charcoal, allows to process ten

samples in one hour, for determination of PFOS,

PFOA and FOSA was developed and validated. The

HPLC-MS/MS technique was employed for the

separation and detection of target analytes. In

agreement with the EC recommendation 2002/657/-

EC which requires recoveries from 70% to 120%,

recoveries at five levels ranged from 85% to 110%.

Repeabilities expressed as relative standard deviation

(RSD) ranged from 2% to 15%.

s calculation

was carried out in this study in accordance with the

Commission Decision which defines a methodology.

The method refers to the international standard

ISO 11843-2, based on a linear regression model

analysing fortified material at different concentration

levels.

Decision limits (CC ) and detection limits (CC )

were two important performance characteristics of the

method for substances. Decision limit

α β

4. Conclusions
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Abstract

Cyanogenic glucosides constitute a group of plant secondary metabolites, which release

toxic hydrogen cyanide upon tissue disruption. Considerable dietary source of cyano-

genic glucosides is flaxseed, with linustatin and neolinustatin as major representatives of

this group and linamarin and lotaustralin as minor components. In this study, three

different analytical techniques for determination of cyanogenic glucosides in flaxseed

have been tested and compared. Flaxseed extracts were examined using LC-MS/MS,

achieved results were compared with outcomes acquired by two alternative approaches

consisting of unique ion source Direct Analysis in Real Time coupled with time-of-

flight mass spectrometer and Exactive benchtop Orbitrap mass spectrometer.

(i)

(ii) TM

1. Introduction

Cyanogenic glucosides (CGs) are classified as phyto

anticipins and chemically are characterised as

-

[1]. Upon disruption of plant tissue containing

CGs, they are degraded by enzymes resulting in

release of toxic hydrogen cyanide [2].

is extremely toxic to a wide range of orga

nisms, due to its ability of linking with metals (Fe ,

Mn , Cu ) that are functional groups of many

enzymes inhibiting processes like the reduction of

oxygen [3].

Flax ( L.) is one of the world

oldest oilseed crop of which consumption has increa

sed in the recent years [4]. Flaxseeds contain bio

logically-active compounds with putative beneficial

health effects, but also belong to the group of species

that produce CGs. The major CGs in flaxseeds have

been identified as diglucosides linustatin and

neolinustatin and minor components as monogluco

sides linamarin and lotaustralin (Figure 1) [5].

A broad range of analytical methods has been

applied in analysis of CGs in various commodities.

The content of CGs can be determined by gas chroma

tography coupled to mass spectrometry detection [6]

or by employing liquid chromatography (LC) with

ultraviolet detection [7]. For sensitive analysis of

CGs, liquid chromatography coupled to mass spectro

metry detection (LC-MS) can be applied [8].

Recently developed ambient desorption ionization

technique, Direct Analysis in Real Time (DART) [9]

-

H

-

-

-

-

-

-

β glucosides of α-hydroxynitriles derived from amino

acids

ydrogen

cyanide
2+

2+ 2+

Linum usitatissmum

has been demonstrated to be a useful tool for small

molecules analysis such as analysis of pharma

ceuticals, pesiticides and several other interesting

applications [10, 11]. Ionization of analytes using

DART begins with an electric discharge in a stream of

nitrogen or helium gas that produces a plasma

of electrons, ions, and metastable species [10]. DART

ion source can produce positive molecular ions,

-

A B

C D

Fig. .1 Chemical structures of commonly occuring cyanogenic

glucosides in flaxseed: (A) linustatin, (B) linamarin, (C) neolinu

statin, and (D) lotaustralin.

-
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protonated molecules and positive-charge adduct ions

such as ammoniated ions and negative-charge

ions [12].

The aim of present study was to compare three

different approaches for analysis of CGs in flaxseed.

Performance characteristics and results obtained by

validated DART-TOFMS and DART-OrbitrapMS

methods were confronted with conventional

LC-MS/MS attitude.

The standards of cyanogenic glucosides, linustatin

(

Flaxseed samples were obtained from Agritec Plant

Research Ltd. (Šumperk, Czech Republic). The levels

of CGs were monitored in oil flax cultivars: Amon,

Oural, and Recital and fibre flax cultivar: Venica.

Homogenized flaxseeds were extracted with methan

ol:water (60:40, v/v) under ultrasonic bath.

HPLC analysis were performed on an Alliance

chromatography separation Module 2695 (Waters,

USA). Analytes were separated on Synergi HydroRP

column (Phenomenex, Germany) (150 mm 3.0 mm

i. d., 4 μm) with gradient elution of mobile phase

consisted of 0.5% 50μM sodium acetate and methan

ol. Detection was performed with a Quattro Premier

XE (Waters, UK) employing an electrospray

ionization source operating in positive mode. The

total run time for each sample was 20 min.

DART-TOFMS system consisted of a DART ion

source (IonSense, USA) and AccuTOF LP time-of-

flight mass spectrometer (JEOL Europe, France).

Flaxseed extracts were introduced by the Dip-it tips

(IonSense, USA), which were immersed into the

extract and then were placed in the gas stream between

the DART ion source and the AccuTOF atmospheric

pressure interface. At the end of each run, mass

≥ 91.7%) and neolinustatin (≥ 93.7%) were pur-

chased from ChromaDex (USA). Standards of lina-

marin (≥ 98%) and amygdalin (≥ 99%) were obtained

from Sigma-Aldrich (Germany). Standard of lotau-

stralin (>98%) was purchased from Molekula (Ger-

many). Methanol of HPLC grade, and sodium acetate

were purchased from Sigma-Aldrich (Germany). The

deionised water was prepared using Milli-Q water

system (Millipore, USA).

,

-

×

-

-

2. Experimental

2.1. Standards and Chemicals

2.2. Samples, Sample Preparation

2.3. Instrumentation

spectrum of polyethylen glycol (PEG) solution was

acquired to perform mass drift compensation. DART

ion source was operated in a positive ionization mode.

The resolving power of TOF mass analyzer was 3.500

FWHM (full width at half maximum). The total run

for each sample was 1 min.

DART ion source (IonSense, Saugus, USA)

coupled to Exactive benchtop Orbitrap mass

spectrometer was employed. Samples extracts were

introduced by Dip-tips into the gas beam. The

resolving power of Exactive benchtop Orbitrap

mass spectrometer was 50.000 FWHM. The total run

for each sample was 1 min.

Quantification:

▪ LC-MS/MS nalytes were quantified by external

solvent standards calibration containing 2

1000 ng mL of target analytes.

Limit of detection (LOD) was determined based on

signal-to-noise ratios (S/N) of 3:1.

Repeatability (expressed as a relative standard

deviation, RSD) was determined by repetitive ( = 6)

analysis.

LC-MS/MS analysis of CGs were performed with

aqueous methanolic extracts of flaxseeds. CGs were

not easily ionized themselves therefore to support Na

adduct formation, sodium acetate was added to the

mobile phase. In positive electrospray ionization

mode, sodium adducts M+Na were achieved as

a parent masses. Monitored ion transitions and reten

tion times for each compound are summarized in

Table 1. The separation was carried out with Synergi

HydroRP (150 3 mm . ., 4 μm) column, chromato

gram of CGs of real flaxseed sample is shown in

Figure 2.

Qualitative analysis. The operational parameters of

DART-TOF MS system were optimized within the

initial experiments carried out with solvent standards

: A

from to

[ ]

-

× i d -

TM

1

+

TM

+

2.4. Methods Validation

3.1. Optimization of Extraction and LC-MS/MS

Analysis

3.2. Optimization of DART-TOF MS Analysis

–

▪ DART-TOFMS and DART-OrbitrapMS nalytes

were quantified by the standard addition method.

The crude flaxseed extracts were spiked with

standard solution of analytes to increase the

analytical signal by a factor of 1.5 to 3.

: A

n

3. Results and Discussion
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of CGs. DART ion source operated in positive

ionisation mode provided spectra with the most

abundant ions corresponded to molecular adducts

[M+NH ] of CGs. For detection, internal mass drift

correction was carried out using solution of PEG. In

the samples extracts, major analytes, linustatin and

4

+

neolinustatin, were reliably identified, whilst minor

CGs, linamarin and lotaustralin, which in samples

occured in low concentrations (25times lower than

major CGs) were indentified with insufficient mass

accuracy. Theoretical exact masses corresponded to

monitored [M+NH ] adducts are summarized

in Table 2. Mass spectrum of real sample obtained by

DART-TOF MS analysis is shown in Figure 3.

Sample preparation for

DART-TOF MS (as well for DART-Orbitrap MS)

analysis resulted from the extraction method validated

for LC-MS/MS. For quantitative analysis employing

DART ion source it was necessary to use an internal

standard to compensate relatively high variation of

ions intensities in repeated analysis. In our case

amygdaline was used.

4

+

Quantitative analysis.

Fig. .2 LC-MS/MS chromatogram of real sample Recital containing linustatin at concentration 1582 mg kg , linamarin 50 mg ,

neolinustatin 468 mg and lotaustralin 32 mg .

–1 kg

kg kg

–

– –

1

1 1

Table 1

Monitored transitions and retentiton times of cyanogenic gluco-

sides in LC-MS/MS.

Monitored Retention

Compound transition time

[m/z] [min]

linustatin 432 > 405 4.04

linamarin 270 > 243 4.13

neolinustatin 446 > 419 4.44

lotaustralin 284 > 257 4.73

Table 2

Elemental composition and theoretical exact masses of monitored cyanogenic

glucosides.

cyanogenic analyte elemental composition of theoretical mass

glucosides [M+NH ] adduct [M+NH ]

major linustatin C H N O 427.1928

neolinustatin C H N O 441.2084

minor linamarin C H N O 265.1399

lotaustralin C H N O 279.1556

[ ]m/z

4

+

2

+

4

16 31 11

17 2 11

2 2 6

11 23 2 6

33

10 1



Fig. 4. DART-OrbitrapMS spectrum (positive ionisation) of flaxseed sample Recital, identification of linustatin, neolinustatin and

internal standard amygdalin.

Fig. 3. DART-TOFMS mass spectrum (positive ionisation) of real sample Recital, identification of linustatin, neolinustatin and internal

standard amygdalin.
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3.3. Optimization of DART-Orbitrap MS Analysis

3.4. Methods Validation

DART-Orbitrap MS analysis were carried out with

identical flaxseed extracts as were used for DART-

-TOF MS analysis. The operational parameters of the

system were adjusted using solvent standards of CGs.

Molecular adducts [M+NH ] of target analytes were

detected with high resolving power corresponded to

50 000 FWHM. Both major and minor CGs were

reliably identified, but only linustatin and neolinus-

tatin were quantified. High variation of ion intensities

of linamarin and lotaustralin did not allow to quantify

this group of CGs. DART-Orbitrap MS mass spectrum

of real sample is shown in Figure 4.

LC-MS/MS: Quantification was carried out through

external calibration curves obtained by plotting the

standard concentration versus the amount of the

4

+

analytes (ng mL ). The stock standard mixtures were

diluted to ten following concentrations: 2, 5, 10, 20,

50, 100, 200, 300, 500, 1000 . No matrix

effects appeared during LC-MS/MS analysis. The

values of LODs were 0.4 mg k for major CGs and

2 mg for minor CGs. RSD ranged from 0.8 to

2.1%.

DART-TOF MS and DART-Orbitrap MS: Quanti-

fication was carried out using standard addition

method, because the matrix components influenced

the ionisation process. The fluctuation of ion inten-

sities of low flaxseed concentrations of linamarin and

lotaustralin did not allowed to quantify these analytes

by methods DART-TOF MS and DART-Orbitrap MS.

LODs of major CGs were 200 mg using DART

-TOF MS and 10 mg employing DART-Orbitrap

MS. R for DART-TOF MS

method reached to 13%, while DART-Orbitrap MS

technique provided RSD about 5 7%.

–1

ng mL

g

kg

kg -

kg

elative standard deviation

–

–1

–1

–1

–1

–1
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3.5. Comparison of DART-TOF MS and

DART-Orbitrap MS Results with LC-MS/MS

3.6. Comparison of LC-MS/MS, DART-TOF MS and

DART-Orbitrap MS Methods for Determination of

CGs in Flaxseed

Four varieties of flaxseed samples were examined

using LC-MS/MS, DART-TOF MS and DART-

Orbitrap MS techniques. The levels of linustatin and

neolinustatin in tested samples ranged from 900 to

2550 mg kg and from 460 to 1430 mg , resp.

The outcomes were in relatively good agreement, the

minor diversity (max. 15%) resulted from the diffe

rent repetabilities of employed methods.

LC-MS/MS technique enabled quantification of both

major and minor CGs. Low concentrations of minor

CGs were not quantified by DART-TOF MS and

DART-Orbitrap MS, but their content constitutes only

3% of total CGs amount in flaxseeds, thus their

concentrations can be considered as insignificant.

Major CGs were reliably quantified by DART-Orbi-

trap MS and DART-TOF MS methods. DART-Orbi-

trap MS technique (FWHM 50.000) provided lower

LODs and better repeatability in comparison with

DART-TOF MS (FWHM 3.500). Employing of

DART ion source enabled significant improvement in

sample throughput.

Different approaches in analysis of CGs in flaxseed

were tested. For rapid determination of major CGs,

linustatin and neolinustatin, DART-TOFMS and

DART-OrbitrapMS methods were optimized and vali-

dated. Achieved results corresponded well with

LC-MS/MS outcomes.

–1
kg

-

–1

4. Conclusions

Acknowledgements

References

This study was carried out within the projects NPVII 2B06087 and

MSM 6046137305 supported by the Ministry of Education, Youth

and Sports of the Czech Republic.

Insect Biochem. Mol. Biol.

Phytochem. Rev.

Plant Physiol.

Food

Chem.

J. Agric. Food

Chem.

J. Agric. Food Chem.

J. Food Comp. Anal.

Phytochem.

Anal. Chem.

Anal. Chem.

Rapid Commun. Mass

Spectrom.

J. Am.

Soc. Mass. Spectrom.

[1] Z

B. L.: (2007), 10–18.

[2] Bak S., Paquette S. M., Morant M., Morant A. V., Saito S.,

Bjarnholt N., Zagrobelny rgensen K., Osmani S.,

Simonsen H. T., Pérez R. S., van Heeswijck rgensen

ller B. L.: (2006), 309 329.

[3] White W. L. B., Arias-Garzon D. I., McMahon J. M., Sayre

R. T.: (1998), 1219 1225.

[4] Wanasundara P. K. J. P. D., Shahidi F., Brosnan M. E.:

(1999), 289 295.

[5] Oomah B. D., Mazza G., Kenaschuk E. O.:

(1992), 1346 1348.

[6] Chassagne D., Crouzet J. C., Bayonove C. L., Baumes R. L:

(1996), 3817 3820.

[7] Mazza G., Cottrell T.: (2008),

249 254.

[8]

B. L.:

(2008), 1507 1516.

[9] Cody R. B., Laramée J. A., Durst H. D.:

(2005), 2297 2302.

[10] Petucci Ch., Diffendal J., Kaufman D., Mekonnen B.,

Terefenko G., Musselman B.: (2007),

5064 5070.

[11] Haeflinger O. P., Jeckelmann N.:

(2007), 1361 1366.

[12] Curtis M. E., Jones P. R., Sparkman O. D., Cody R. B.:

(2009), 2082 2086.

agrobelny M., Bak S., Ekstrøm C. T., Olsen C. E., Møller

M., Jø

T. B., Jø

B., Mø

Bjarnholt N., Rook F., Motawia M. S., Cornett C., Jørgensen

Ch., Olsen C. E., Jaroszewski J. W., Bak S., Møller

37

5

116

65

40

44

21

69

77

79

21

20

–

–

–

–

–

–

–

–

–

–

–



Chiral Separation of Binaphthyl Catalysts

Using New Chiral Stationary Phases

Based on Derivatized Cyclofructans

L J , K K , Z B , E TUCIE ANEČKOVÁ VĚTA ALÍKOVÁ UZANA OSÁKOVÁ VA ESAŘOVÁ
a b a b

a bDepartment of Analytical Chemistry, Department Department of Physical and Macromolecular Chemistry,

aculty of Science, Charles University in Prague,

Albertov 6/2030, 128 43 Prague, Czech Republic janecko2@natur.cuni.cz

F

,�

Keywords

chiral stationary phase

cyclofructans

enantioseparation

HPLC

substituted binaphthyls

Abstract

Cyclofructans as a completely new and promising class of chiral selectors have been

introduced last year for application in separation techniques such as liquid chromato-

graphy and capillary electrophoresis. Mainly derivatives of cyclofructans perform

interesting separation possibilities for a variety of compounds. The aromatic derivatized

cyclofructans composed of six D-fructofuranose units (CF6) have exhibited the most

interesting properties and unique enantioselectivity.

In this work, two derivatized cyclofructan-based chiral stationary phases, RN-CF6

( -naphthylethyl carbamate CF6) and DMP-CF7 (dimethylphenyl carbamate CF7) were

used for enantioseparation of substituted binaphtyl catalysts, widely used to control

asymmetric processes. Normal separation mode, i.e. mobile phase composed of hexane

and propane-2-ol in different ratios was applied and the enantioselectivity of the

employed stationary phases was compared.

R

1. Introduction

Chiral separations have been given great attention

over the past few decades due to their wide range of

applications in pharmaceutical and food industry

or agriculture. High performance liquid chromato

graphy (HPLC) employing chiral stationary phases

(CSPs) has become one of the most common and

powerful techniques in enantioselective separations at

both analytical and preparative scales. Variety of

CSPs, usually bonded to silica gel, with complex

interaction mechanisms have been reported [1]. Some

classes of chiral selectors dominate the enantiomeric

separations, i.e. cyclodextrins (CDs), polysaccharides

and their derivatives or macrocyclic antibiotics such

as vancomycin, teicoplanin or ristocetin A. Many

applications of these chiral selectors have been

published [1 4].

A unique class of CSPs based on cyclofructan has

been introduced last year with the expectation of great

separation potential both for HPLC [5] and CZE [6].

Cyclofructans (CFs) belong to a group of macrocyclic

oligosaccharides with a crown ether skeleton. They

consist of six or more (2

-

–

→1) linked D-fructo-

furanose units (see Figure 1) and each fructofuranose

unit contains four stereogenic centers and three

hydroxyl groups, which can be mostly derivatized.

The abbreviations such as CF6, CF7, CF8 etc. indicate

β-

the number of fructose units in the macrocyclic ring.

CF6 has been largely studied due to its highly defined

geometry and availability in pure form [5].

Native CFs perform rather limited enantio-

selectivity but their derivatized (aliphatic or aromatic

functionalized) forms show improved and unique

separation possibilities over a wide range of analytes.

Fig. .1 Molecular structure of cyclofructan (CF6, CF7 and CF8).
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Figure 2 shows two CF derivatives studied in this

work. RN-CF6 utilizes -

-

-

-

R-naphthylethyl-functio

nalized CF6 as the chiral selector. It proves excellent

enantioselectivity toward various types of analytes

including acids, secondary and tertiary amines,

alcohols, and many neutral compounds. As the chiral

selector is covalently bonded to the silica gel carrier

this CSP is compatible with all common organic

solvents creating a wide range of compound types that

can be separated [7]. DMP-CF7 was developed as

a 3,5-dimethylphenyl functionalized CF7. This

column also provides chiral recognition toward a

broad variety of compounds. In addition, it demon

strates complementary enantioselectivity when

compared to RN-CF6 [7]. Both CSPs can operate in

all three separation modes (normal-, reversed-phase

and polar-organic) but mostly higher selectivity can

be obtained in normal-phase mode.

Binaphthyl derivatives have been extensively used

to control asymmetric processes and have demon

strated excellent chiral discrimination properties, due

to their unique features derived from their chirality,

spatial arrangement and rigidity. The chirality of these

molecules is caused by restricted rotation around the

single bond in the binaphthyl skeleton [8]. Although

the basic structures of the binaphthyl derivatives are

similar, the substituents and their position signifi

cantly affect their properties.

Most papers on binaphthyls derivatives deal with

their synthesis. Enantioselective HPLC has been used

to control the enantiomeric purity or the yield of indi

vidual final products. Just a few studies of enantio

selective interactions of these compounds with CSPs

can be found in the literature [9 11]. That is why we

included these analytes into a set of testing

compounds for the evaluation of the enantio

separation abilities of the newly developed

cyclofructan-based CSPs. We worked in the normal-

phase separation system with hexane and propane-2-

ol as mobile phase constituents. The effect of the

solvents ratio and addition of trifluoracetic acid (TFA)

was studied. We show here just our preliminary results

as the work is currently in progress.

Organic solvents of HPLC grade, -hexane (HEX)

and propane-2-ol (IPA), were purchased from Sigma

Aldrich (St. Louis, USA). Trifluoracetic acid (TFA),

98% purity, was from Fluka Chemie (Buchs,

Germany).

The studied analytes have been synthesized as

racemates at the Department of Organic and Nuclear

Chemistry, Faculty of Science, Charles University in

Prague. The synthesis procedure has been described in

detail in Ref. [10]. The chromatographic behavior of

compounds, i.e. binaphthol, analyte , , , , ,

, , , was studied in this work. Figure 3

shows the structures of these analytes.

The chromatographic measurements were carried

out on two HPLC systems (Waters, Milford, USA):

Waters HPLC Breeze System (consisting of HPLC

Gradient Pump 1525, an autosampler 717Plus,

a column heater Jetstream 2 Plus and a UV-Vis dual

absorbance detector 2487; Breeze software) and

Waters Alliance System (Waters 2695 Separation

Module, Waters 2996 Photodiode Array Detector,

an autosampler 717Plus and a Waters Alliance Series

column heater; Empower software). Chromato

graphic columns RN-CF6 and DMP-CF7 (column

size 250 × 4.6 mm) with silica gel (

as a carrier of the CSPs were used. The chiral selectors

bonded to the support were naphtyl ethyl substituted

cyclofructan with 6 D-fructose units for RN-CF6

column and dimethyl phenyl derivatized cyclofructan

with 7 D-fructose units for DMP-CF7 CSP. These

columns have been prepared at the Department of

Chemistry and Biochemistry, University of Texas at

Arlington,Arlington, Texas.

Normal-phase mode was applied, i.e. mobile phase

was composed of HEX/IPA in various volume ratios,

the addition of TFA was also tested. The flow rate was

1 m min , the temperature was 25 °C and the

detection wavelength was 254 nm.

-

-

–

-

-

-

nine

(on next

page)

-

L

2. Experimental

n

1 4 5 6 7

9 12 13

particle size 5 μm)

–1

Fig. .2 Scheme of chemically-bonded CF6/CF7 stationary

phase and (B) chemical structures of the derivatizing groups.,

(A)

Proceedings of 6th ISC ModernAnalytical Chemistry ▪ Prague 2010
63



3. Results and Discussion

Two novel CSPs based on cyclofructans working in

normal-phase mode were tested and successful

enantioseparations of some binaphthyl derivatives

were achieved so far. Other testing compounds

(e.g. blockers, profens and other chiral pharma

ceuticals of diverse structures) were also used to

evaluate the separation properties of these CSPs.

These experiments are not finished and thus we deal

only with binaphthyls in this paper.

RN-CF6 column was evaluated using

mobile phases differing in volume ratios of HEX/IPA

and/or the addition of TFA. Enantioseparation of

binaphthol, analyte and analyte was achieved in all

the mobile phases but the resolution did not exceed

1.5. Sample performed the best enantioseparation in

HEX/IPA, 90/10 (v/v), and its enantioresolution was

sufficient in all the mobile phases studied. Other

analytes ( , , and ) were not separated in the

tested systems. The addition of TFA to the mobile

phase did not have significant impact on retention and

resolution of the enantiomers with the exception of

analyte that has accesible ionizable groups. The

-

seven

1 4

5

6 9 12 13

7

addition of TFA significantly improved its enantio

resolution, due to enhanced efficiency of the TFA

modified separation system, which is obvious from

Figure 4.

-

Fig. .3 Structures of the binaphthyl derivatives, studied in this work.

Fig. .4 :

( ) ( )

L

Separation of analyte ; column RN-CF6; mobile phase

A HEX/IPA, 80/20 (v/v), B HEX/IPA/TFA, 80/20/0.5 (v/v/v);

temperature: 25 °C, flow rate: 1 m min , UV detection: 254 nm.

7

–1

0 3 6 9 12 15

B

t (min)

COOH

NH
2

OH

A
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DMP-CF7 column was tested using two mobile

phases, based on the results obtained with RN-CF6

CSP. The mobile phases were composed of HEX/IPA,

80/20 (v/v) and HEX/IPA, 60/40 (v/v). In these two

systems enantioseparations with excellent resolution

values were achieved for binaphthol, analyte and

analyte . Figure 5 illustrates excellent separation of

analyte in the studied mobile phases. Samples and

performed partial separation. Four other com

pounds studied (analyte , , and ) did not show

any enantioseparation in the mobile phases studied as

on RN-CF6 column. Increased amount of IPA in

the mobile phase slightly decreased the retention of

the analytes and improved enantioresolution.

The addition of TFA is being currently tested, hence

the results cannot be shown here. Figure 5 illustrates

excellent separation of analyte in the studied mobile

phases.

4

5

4 1

12

6 7 9 13

4

-

4. Conclusion

Novel CSPs based on derivatized cyclofructan were

tested for enantioseparation of binaphthyl derivatives,

which are widely employed as catalysts of asym

metric processes. The experiments showed good

separation abilities of the both cyclofructan-based

CSPs in normal chromatographic mode. DMP-CF7

column offered much higher enantioresolution of

some binaphthyl derivatives than did RN-CF6. The

enantioselectivity of the employed CSPs seems to be

slightly different, because of their different structures.

The addition of TFA can help to improve the

resolution.

-

Acknowledgments

References

The Grant Agency of the Charles University in Prague, project

SVV 261204 and the Ministry of Education, Youth and Sports of

the Czech Republic, projects RP 14/63 and MSM0021620857 are

gratefully acknowledged for the financial support. We also

gratefully acknowledge prof. Daniel W. Armstrong for donating

the columns.

Anal. Chem.

Mol. Biotechnol.

Chiral Separations Methods and

Protocols Methods in Molecular Biology, Vol. 243

J. Chromatogr. A

Anal. Chem.

Electrophoresis

Chem. Rev.

J. Sep. Sci

Chirality

Chromatographia

[1] Ward T. J., Baker B.A. (2008), 4363 4372.

[2] Gübitz G., Schmid M. G. (2006),

159 179.

[3] Gübitz G., Schmid M. G.

Humana Press Totowa 2004.

[4] Liu Y., Berthod A., Mitchell C. R., Xiao T. L., Zhang B.,

Armstrong D. W. (2002), 185 204.

[5] Sun P., Wang Ch., Breitbach Z. S., Zhang Y., Armstrong D.

W. (2009), 10215 10226.

[6] Jiang C., Tong M. Y, Breitbach Z. S., Armstrong D. W.

(2009), 3897 3909.

[7] http://azypusa.com/index-2.html cited 10.8.2010 .

[8] Pu L. (1998), 2405 2494.

[9] Loukotková L., Tesařová E., Bosáková Z., Repko P.,

Armstrong D. W. (2010), 1244 1254.

[10] Loukotková L., Rambousková M., Bosáková Z., Tesařová

E.: (2008), 900 909.

[11] Han X., Berthod A., Wang C., Huang K., Armstrong D. W.

(2007), 381 400.

: –

:

( )

80

32

978

81

30

8

33

20

65

–

:

,

: –

: –

:

–

: –

: . –

–

:

–

.

. ( .)

0 3 6 9 12 15 18

t (min)

O

S

C

S

N(CH
3
)
2

C N(CH
3
)
2

O

B

A

Fig. .5 :

( ) ( )

L

Separation of analyte ; column ; mobile phase

A HEX/IPA, 80/20 (v/v), B ;

temperature: 25 °C, flow rate: 1 m min , UV detection: 254 nm

4 DMP-CF7

HEX/IPA, 60/40 (v/v)

–1 .

Proceedings of 6th ISC ModernAnalytical Chemistry ▪ Prague 2010
65



Comparison of Two Methods of Calculation LSER

Descriptor on Retention Data of OctenesL

Š J , J G. K. ŠTĚPÁN IRKAL IŘÍ EVČÍK

Department of Analytical Chemistry, Faculty of Science, Charles University in Prague,

Albertov 6, 128 43 Prague 2, Czech Republic, maus@natur.cuni.cz�

Keywords

alkenes

calculation of descriptors

gas chromatography

LSER

prediction retention

Abstract

Linear Solvation Energy Relationships (LSER) is a method used for description of

separation process in chromatography. Descriptor is an important parameter influen

cing partition of analytes in gas chromatography. Two access of calculation based on

a sum of contribution have been used, method Havelec-Ševčík (HS) and method Platts-

Butina (PB). The values together with a calculated descriptor have been applied for

prediction of retention 93 acyclic octenes on stationary phase squalan and polydimethyl

siloxan. The description of retention behaviour was more suitable in case of application

the descriptor . While using only one variable to predict the retention, estimation with

the descriptor was more convenient. In both cases, LSER method provided good

description of the separation process.

L

L

L E

L

L

-

-

-

PB

HS

1. Introduction

Knowledge of separation mechanism in gas

chromatography can be important in selection of

experimental procedure. Linear Solvation Energy

Relationships (LSER) is a method for description

of retention, which can evaluate selective types of

interaction [1]

= + + + + + (1)

where is solute property, i.e. retention characte

ristic as log or retention index ( ) , , , ,

solute descriptors selective properties of separated

solute , , , , regression coefficients

properties of stationary phase descriptor of

partition coefficient between gas and hexadecane

(known as log ) excess molar refraction

(known as ) descriptor of dipolarity

polarisability (known as ) descriptor of

acidity (known as ) descriptor of basi

city (known as ) constant (without

specific chemical meaning)

Descriptors are known for more than 5000

compounds. It is possible to calculate them for other

substances by variety methods of estimation, but the

accuracy is limited [2, 3].

The aim of this work is to compare two methods of

calculation the descriptor applied on prediction

retention of octenes. The database of known sub

stances contains only a small group of octenes. In this

work, the retention data include all acyclic 93 octenes.

It is necessary to calculate the descriptors for these

-

; are

(

); are

( ). The is

. The is

. The is or

. The is

. The is -

. The is

.

-

SP l L e E s S a A b B c

SP

k RI L E S A B

l e s a b

L E

R S

A

B

c

L

L

16

2

2

H
π

Σα

Σβ

2

H

2

H

compounds. Then, it is possible to estimate the

retention of studied analytes. Calculated values of

retention can be compared with the experimental and

ability of prediction can be evaluated. Based on

chemometrics, it is possible to assess, which model

is more suitable to describe the retention.

Octenes, generally all alkenes, create limited types of

interactions with the stationary phase. Therefore, just

two terms of LSER equation (1) are significant,

and . The escriptor and have a constant value

for all alkenes and the descriptor is equal to zero.

Hence, there is a specific form of LSER equation for

prediction of retention octenes:

= + + (2)

denotes retention index and other para

meters are the same as in equation ( ). Descriptor

can be experimentally determined as a logarithm of

partition coefficient gas/hexadecane (log ) [4].

Two access of calculation are applied in this work,

based on a sum of particular contributions of the

molecule, method Havelec-Ševčík (HS) [5] and

method Platts-Butina (PB) [6] It can be seen in able

1 that the standard deviation of contribution is

rather large than the others.

Descriptor is defined as a difference of molar

refraction of compound and refraction of hypothetical

d s

where -

1

, ref.

. T

2. Experimental

2.1. Methods

l L

e E S B

A

RI l L e E c

RI

L

L

L

cis

E

16
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Fig. .1 Example of calculation descriptor for 3,4-dimethyl-

-2-hexene

L

Z- .

L

L

HS 3 2

PB

= 4 ( CH ) + (=CH ) + (=C<) + ( CH<) + ( CH ) +

= 4 0.34 + 0.504 + 0.658 + 0.467 + 0.502 + 0.112 +

=

(intercept)

= 4 0.321 + 0.469 + 0.624 + 0.449 + 0.499 + 0.13 =

× –

+ =

– – – –

=

×

× – – – – –

×

+ ( izomer) + (alkyl interaction)

+ 0.119 =

4 ( CH ) + (=CH ) + (=C<) + ( CH<) + ( CH ) +

cis

3.722

3 2

3.455

alkanes with the same molar volume as the compound

[2, 3]. This descriptor can be easily calculated from

refractive index and McGowan s volume ( ) of the

molecule [7].

Retention data of 93 octenes were taken from work

Soják and Kubinec [8]. Experimental data include all

isomers of C8 acyclic alkenes with a double bond.

These compounds were measured by gas chromato

graphy with mass spectrometry detection (GC-MS)

on stationary phase squalan and polydimethylsiloxan

(PDMS).

The escriptor has been calculated for all

analytes, by the method HS and PB. Value of for

a compound has been obtained as a sum of contri

bution fragments listed in able 1.

The escriptor has been calculated based on

methods as was mentioned (2.1 methods).

’

-

d

-

T

d

V

2.2. Calculation of escriptors and orrelation with

xperimental etention

L

L

E

x

D C

E R

-

i

Calculated values of and have been statistically

processed using multiple linear regression analysis to

set a dependence with the experimental retention. This

procedure resulted in regression coefficients of

equation (2) and statistical parameters. All calcula

tions were done on computer with Microsoft Excell

2002.

Values of the descriptor have been calculated by

both methods, HS and PB. Further, values of the des

criptor have been obtained for 82 compounds. Due

to inaccessibility of refractive index for 11 octenes, t

has been impossible to calculate for all compounds.

In case of descriptor , a contribution for

interaction was omitted because of better fit to experi

mental data. It can be seen in Table 1 that the standard

deviation of contribution is rather high. A corre

lation analysis between and has been carried out.

There was not find any significant relationship.

Experimental retention of octenes on Squalan and

PDMS has been processed by multiple linear regre-

ssion analysis with the descriptors , and , .

Four sets of data have been provided this way. Here

are regression equations for prediction of retention:

= 135.33 (± 11.01) + 81.23 (± 48.44)

+ 266.40 (± 34.91) (3)

= 114.40 (± 7.61) + 225.30 (± 36.35) +

+ 325.88 (±24.69) (4)

= 143.40 (± 9.7) + 78.97 (± 42.69) +

+ 248.86 (± 30.77) (5)

= 119.82 (± 6.54) + 234.33 (± 31.23) +

+ 316.34 (±21.21) (6)

The value in parenthesis is the standard error of

estimation the coefficient. On the second line, there is

a notation of data set and statistical parameters of the

regression: is the coefficient of determination, is

the Fischer statistic, AAE( ) is the absolute average

error, and is the number of compounds.

Description of retention by using two variables fits

better for the model PB (with descriptor ). It is

obvious from higher value of the statistics, the

coefficient of determination and lower the absolute

average error in equations (4) and (6). Based on results

of the equations (3)–(6), prediction of retention is

L E

L

-

E

E

L cis

-

cis -

L E

E E

RI E +

RI E

RI E

RI E

R F

RI

n

F-

3. Results and iscussionD

HS

2

L L

L

L

L

L

L

HS PB

HS

PB

HS

PB

PB

Squalan–HS: = 0.784, = 144 AAE( ) = 10.48, = 82

Squalan–PB: = 0.837, = 203, AAE( ) = 8.99, = 82

PDMS HS: = 0.838 = 205, AAE( ) = 9.41, = 82

PDMS PB: = 0.884 = 301, AAE( ) = 7.89, = 82

R F RI n

F RI n

F RI n

F RI n

2 ,

– ,

– ,

R

R

R

2

2

2

G

–

roup Havelec-Ševčík Platts-Butina

value value

>C< 0.443 0.021 0.443 0.025

=CH 0.249 0.016 0.244 0.021

=CH 0.504 0.013 0.469 0.004

=C< 0.658 0.020 0.624 0.008

izomer 0.112 0.040

alkyl interaction 0.119 0.013

intercept 0.130 0.025

s d s

cis

. . .d.

–

– –

–

–

–

– –

– –

CH 0.340 0.006 0.321 0.009

CH 0.502 0.001 0.499 0.002

CH< 0.467 0.012 0.449 0.011

3

2

2

Table 1

Table of specific value of contribution for calculation of descriptor

by method Havelec-Ševčík and method Platts-Butina. The

standard deviation of the contribution is marked as ; alkyl

interaction means contribution of two neighboring alkyles bonded

on main carbon chain.

L

s d. .
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Fig. .4 Comparison of experimental retention ( ) and

calculated retention ( ) of octenes on stationary phase

, based on the descriptor model Platts-Butina,

equation ( )

RI
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calc 93

one

8 .
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Fig. .5 Comparison of experimental retention ( ) and

calculated retention ( ) of octenes on stationary phase

, based on the descriptor model Havelec-Ševčík,

equation ( )

RI

RI
exp

calc 93

one

9 .

PDMS

Squalan - HS

y = 0.78x + 161.40

R
2

= 0.784

675
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RI exp

R
I
c
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lc

Fig. .2 Comparison of experimental retention ( ) and

calculated retention ( ) of 82 octenes on stationary phase

Squalan, based on the two descriptor model Havelec-Ševčík,

equation (3).

RI

RI
exp

calc

Fig. .3 Comparison of experimental retention ( ) and

calculated retention ( ) of 82 octenes on stationary phase

, based on the two descriptor model Platts-Butina, equation

( ).

RI

RI
exp

calc

PDMS

6

PDMS - PB

y = 0.88x + 87.99

R
2 = 0.884

675

700

725

750

775

800

825

675 725 775 825

RI exp

R
I
c
a
lc

better on stationary phase PDMS than squalane

.

Next, he linear regression has been processed only

with one parameter, the descriptor . Knowledge of

for all 93 octenes is convenient, unlike the previous

model with incomplete set of the descriptor . Here

the predictive ability of the descriptor is more

evident

= 144.70 (± 8.66) + 244.27 (± 30.22) (7)

= 132.60 (± 8.13 ) + 292.48 (± 28.01) (8)

= 152.65 (± 7.65 ) + 226.86 (± 26.71) (9)

= 138.68 (± 7.49 ) + 281.87(± 25.8) (10)

(Figures 2 and 3)

t

:

L L

E

L

RI

RI

RI

RI

L

L

L

L

HS

PB

HS

PB

Squalan HS: = 0.754 = 279 AAE ( ) = 10.75 = 93

Squalan PB: = 0.745 = 266 AAE( ) = 11.10 = 93

PDMS HS: = 0.814 = 398 AAE( ) = 9.61 = 93

PDMS PB: = 0.790 = 343 AAE( ) = 10.22 = 93

– , ,

, , ,

F RI n

F RI n

F RI n

F RI n

R

R

R

R

2

2

2

2

,

–

– , , ,

– , , ,

Meaning of symbols is the same as in the previous

equations (3 6). Both models provided similar

results of agreement between experimental and

calculated data. Based on statistics parameters ( ,

AAE) of equations (7 10), it is clear that description

of retention by using one parameter is a bit more

advantage in application of the descriptor .

Regression coefficient is higher in equations (7

9) than in case of 8 and 10).

It can be said, the term more contributes to

retention and more affects selectivity of separation

unlike the

Comparing of equation 3 10 , it is evident, the

retention of octenes is better predicted with two

parameters equation, the descriptors and . For this

purpose, it is better to use the model PB. nly in

situation with knowledge just the descriptor , there is

more convenient to predict retention with the model

HS.

)–(

,

( )–( )

O

R F2

)–(

)

and ( in equations ( ) (

(Figures 4 and 5).

L

L

L

HS

HS

PB

HS

PB

l

l

l

l

L E

L
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-

Prediction of retention by LSER method provides

only limited accuracy of estimation. On the present,

methods based on topological indices are able to

predict retention in GC much more accurately.

Evaluation of separation process in term of selective

interactions is main advantage of LSER.

Two methods of calculation the descriptor have been

used for prediction of retention octenes. Parameter

has been estimated using by two access, Havelec-

Ševčík (HS) and Plattts-Butina (PB), based on sum of

fragments of molecule. Values and have been

applied together with the descriptor for description

of retention. Experimental data of octenes on

stationary phase Squalan and Polydimethylsiloxan

(PDMS) have been processed by multiple linear

regression analysis to find a relationship with the

calculated descriptors. Prediction by parameter

provided better fit between experimental and

calculated retention. Next, linear regression just with

the descriptor has been treated. In this case of one

4. Conclusion

L

L

E

L

L L

L

HS PB

PB

parameter equation, the model HS turned out to be

more suitable. Generally, description of retention was

better on stationary phase PDMS. LSER method

provided satisfactory evaluation of separation

process.
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Abstract

In this study, comprehensive two-dimensional gas chromatography coupled to time-of-

-flight mass spectrometry (GC×GC-TOFMS) for the simultaneous determination of

eighteen polychlorinated biphenyls (PCBs), seven polybrominated diphenyl ethers

(PBDEs) and sixteen polycyclic aromatic hydrocarbons (PAHs) was optimized to obtain

the best chromatographic resolution and quantification limits (LOQs) of target analytes.

Two injection techniques, pulsed splitless and large volume programmable temperature

vaporization (LV-PTV), and several capillary column systems were tested within the

experiments (BPX-5 and BPX-50 in the 1st dimension and BPX-50, Rt-LC35 and HT-8

in 2nd dimension). All tested combinations of columns were able to separate all target

PCBs and PBDEs. Selection of the column system was therefore mainly influenced by its

ability to separate the critical groups of PAHs (1st group: B[ ]A, CP[ ]P, and Chr; 2nd

group: B[ ]F, B[ ]F, and B[ ]F; 3rd group: DB[ ]A, I[ - ]P, and B[ ]P).

Although none of the column combinations evaluated in the present study allowed

a complete separation of all target PAHs, a combination of BPX-50 × HT-8 columns

showed the best ability to separate the 2nd group of PAHs. Application of PTV injection

technique decreased LOQs of almost all target analytes approximately by one order of

magnitude. The LOQs achieved using LV-PTV-GC×GC were as follows: PCBs

0.1–0.25 μg kg , PBDEs 0.5–2.5 μg kg , PAHs 0.05–0.25 μg kg .

a cd

f k b ah 1,2,3 cd ghi

–1 –1 –1

1. Introduction

To protect consumers health against undesirable

effects originating from food contaminants, several

legislative steps have been accepted until now [1].

However, considering the lack of reliable information

in some areas, the European Food Safety Authority

(EFSA) continually announces the calls to collect

information on the occurrence of selected persistent

organic pollutants (POPs) in food to assess their

potential human exposure [2]. Regarding these

requirements, quick, inexpensive and high through-

put analytical approaches have to be developed.

Comprehensive two-dimensional gas chromato-

graphy (GC×GC) coupled to time-of-flight mass

spectrometry (TOF MS) represents a powerful tool for

the simultaneous determination of different types of

contaminants that considerably increase the sepa-

ration efficiency of GC analysis [3, 4]. Since the

whole system comprises two capillary columns with

different polarities, the total peak capacity for

GC×GC is the outcome of the individual column

’

capacities [5]. Moreover, focusing effects allows

achieving lower limits of detection needed for the

residue analysis as compared with one-dimensional

GC [5]. Until now, various applications of GC×GC

coupled to TOFMS in food and environmental

analyses have been reported [3, 6–11], but according

to the authors best knowledge simultaneous deter-

mination of PCBs, PBDEs and PAHs within a single

run has never been presented until now.

The main aim of this study was to develop and

optimize the GC×GC-TOFMS method for the

simultaneous determination of PCBs, PBDEs and

PAHs to obtain the best chromatographic resolution

and detection limits for all target analytes. Therefore,

several chromatographic capillary column combi-

nations were tested. In the subsequent experiments,

the large volume programmable temperature vapori-

zation (LV-PTV) injection technique was optimized.

To confirm the application of this newly developed

method, several real-life contaminated fish samples

were analyzed.

’
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Column 1st dimension 2nd dimension Modulation

1 BPX-5 BPX-50 4.0

2 BPX-5 Rt-LC35 2.0

3 BPX-5 HT-8 3.5

4 BPX-50 BPX-5 2.5

5 BPX-50 HT-8 4.5

[ ]system period s

Table 1

The GC column set-ups tested within the experiments.

2. Experimental

2.1. Test Material

2.2. GC×GC-TOF MS Analysis

m/z

Since fish contamination by halogenated pollutants

such as PCBs and PBDEs has different sources from

PAHs, which originate mainly from incomplete

combustion or heat-induced decomposition of organic

matter, it is very difficult to obtain fish contaminated

with all these groups of contaminants. Because of that,

two different naturally contaminated fish and one

blank fish sample were used for the experiments.

Trout (blank sample) previously tested for the absence

of PCBs, PBDEs and PAHs obtained from the Czech

retail market was used for QA/QC experiments. All

samples were kept at –18°C after pooling and

homogenization.

All experiments were performed using an Agilent

6890N GC system (Agilent, Palo Alto, USA) coupled

to a Pegasus III (LECO Corp, USA) high-speed time-

-of-flight mass spectrometer (GC-TOF MS) operated

in electron ionization mode (EI). Target analytes were

separated using several chromatographic capillary

column combinations with different polarities (see

Table ). All columns except for Rt-LC35 (Restek,

USA) were purchased from SGE Analytical Science

(Australia). Columns used in the 1st and 2nd

dimension were of following parameters: 30 m ×

0.25 mm i.d. × 0.25 μm film thickness and 1 m

0.1 mm i.d. 0.1 μm film thickness, respect

× 5 × 8 × 10

Carrier gas helium flow was 1.3 mL min during all

experiments. The TOFMS detector was operated

under the following conditions: mass range: =

= 45–750; ion source temperature: 250°C; transfer

line temperature: 280°C; acquisition speed:

100 spectra s . The modulation period was dependant

on the column system (see Table ). The ChromaTOF

1

1

×

× × ively.

Different first/second-dimension oven temperature

programmes depending on the column used were

tested. Pulsed splitless (injected volume 1 μL) and

LV-PTV injection in solvent vent mode (injected

volume 1 μL, 1 μL and 1 μL) were tested.
–1

–1

4.24 software (LECO Corp, USA) was used for data

processing.

In the initial part of our experiments, hot splitless

injection (1 μL) was used mainly due to its ease of

operation. Unfortunately, the obtained LOQs were too

high to meet the goal of the study; therefore, LV-PTV

injection in solvent vent mode (up to 10 μL) was

optimized. Using this approach desired LOQs were

achieved. As an additional benefit, discrimination of

certain analytes was reduced as compared to hot

splitless injectio

However, LV-PTV requires more operating para

meters to be optimized as compared to hot splitless

injection [7]. Firstly, different injection volume (5, 8

and 10 μL) was tested. An 8 μL injection was seen as

optimal since it allowed to achieve the lowest LOQs;

the higher injection tested provided worse perfor

mance, probably due to its lower capacity. Simultane

ously with the injection volume, purge time and

solvent vent time were optimized (for more details see

Table ). Secondly, the influence of an injection speed

(10 and 30 μL s ) was tested and the best results were

obtained by injecting the sample at a speed of

10 μL s . Better results using slower injection rate are

in accordance with results of Gómez-Ruiz who

deals with optimization of PTV injection in PAHs

analysis [7]. The initial inlet temperature 50 °C was

set on the basis of previous experiments and data

reported in literature [7]. The comparison of LOQs

obtained by 1 and 8 μL injection volume in one

dimensional system is summarized in Table

.

Further decrease of LOQs was achieved using

GC×GC thanks to the modulator focusing effect

(Table 3) [5].

3. Results and Discussion

3.1. Optimization of Injection Technique

et al.

n.

-

-

-

-

2
–1

–1

3 (see on

next page)

[ ] [ ] [ ]

Injection volume Purge time Solvent vent time

μL s s

5 190 70

8
260 140

300 180

10
320 200

370 250

Table 2

Large volume programmable temperature vaporization inlet

parameters within the method optimization.
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3.2. Selection of GC×GC Capillary Column

Combination

The column combinations included in the presented

study were selected on the basis of data previously

reported in the literature and on the orthogonal

requirements of GC×GC system. Since the PAHs with

a high molecular weight were involved in these

experiments, only columns with a high upper

temperature limit (more than 360 °C) could be chosen.

During GC×GC optimization, two capillary columns

with different polarities were used for the first-dimen-

sion separation: non-polar BPX-5 (5% phenyl

polysilphenylene-siloxane) and medium-polar

BPX-50 (50% phenyl polysilphenylene-siloxane).

(Note: Different elution order of PCB 114 and 153 and

of CP[ ]P with B[ ]A and Chr using these two

columns in one dimensional setting was observed.)

In the second dimension, following capillary

columns with different stationary phases were tested:

BPX-50 (50% phenyl polysilphenylene-siloxane),

Rt-LC35 (dimethyl (50% liquid crystal) polysilox-

ane), BPX-5 (5% phenyl polysilphenylene-

siloxane) and HT-8 (8% phenylpolysiloxane-

carbonare). All column set-ups tested within the

experiments were able to separate all target PCBs and

PBDEs. Figure 1 (on next page) shows an example of

the chromatogram of PCBs and PBDEs using

BPX-50 × HT-8 column set-up. Therefore, selection

of “best” column combination was mainly influenced

by its ability to separate the critical groups of PAHs

(1st group: B[ ]A, CP[ ]P, and Chr; 2nd group:

B[ ]F, B[ ]F, and B[ ]F; 3rd group: DB[ ]A,

I[ ]P, and B[ ]P). Unfortunately, none of the

column set-ups tested within this study was able to

separate the 1st and 3rd critical group. The best

separation of the 2nd critical group formed by three

isomers of benzofluoranthene was achieved using

BPX-50 × HT-8 column set-up (Figure 2; see on next

page).

All experiments were performed in an accredited

laboratory (No. 1316.2) in the Czech Republic;

currently operating in compliance with EN ISO/IEC

17025. Recoveries (%) and repeatabilities (expressed

as RSD, %) of all target analytes calculated from six

replicates were as follows: PCBs 82–118% (RSD

3 15%), PBDEs 79 118% (RSD 5 14%) and PAHs

83 102% (RSD 3 9%). The LOQs are summarized in

Table .

GC×GC-TOF MS employing EI represents a power-

ful tool for the simultaneous identification and quan-

tification of various groups of chemicals including

PCBs, PBDEs and PAHs as well as for a potential non-

-target screening. All target PCB and PBDE

congeners were separated on all tested column combi-

nations. Therefore selection of the column system was

mainly influenced by its ability to separate the critical

(i)

(ii)

cd a

(i)

(ii)

(iii)

(iv)

a cd

f k b ah

1,2,3-cd ghi

3.3. QA/QC

– – – ,

– –

3

4. Conclusions

Mono- PCBs PCB 105 2.5 0.25 0.1

PCB 114 2.5 0.25 0.1

PCB 118 2.5 0.25 0.1

PCB 123 2.5 0.25 0.1

PCB 156 5 0.5 0.25

PCB 157 5 0.5 0.25

PCB 167 5 0.5 0.25

PCB 189 5 1 0.5

Major PCBs PCB 28 2.5 0.1 0.1

PCB 52 2.5 0.25 0.1

PCB 101 2.5 0.25 0.1

PCB 138 2.5 0.5 0.1

PCB 153 2.5 0.5 0.1

PCB 180 5 1 0.25

Non- PCBs PCB 77 2.5 0.25 0.1

PCB 81 2.5 0.25 0.1

PCB 126 2.5 0.5 0.1

PCB 169 5 0.5 0.25

PBDEs PBDE 28 10 2.5 0.5

PBDE47 10 1 0.5

PBDE 99 10 1 0.5

PBDE 100 10 1 0.5

PBDE 153 >10 1 0.5

PBDE 154 >10 1 0.5

PBDE 183 >10 2.5 2.5

EU PAHs B[ ]A 1 0.1 0.05

B[ ]P 1 0.1 0.05

B[ ]F 1 0.1 0.05

B[ ]Fln 1 0.1 0.05

B[ ]F 1 0.1 0.05

B[ ]F 1 0.1 0.05

B[ ]P 1 0.25 0.25

Chr 1 0.1 0.05

CP[ ]P 1 0.1 0.05

DB[ ]A 1 0.25 0.25

DB[ ]P 2.5 0.5 0.5

DB[ ]P 2.5 0.5 0.5

DB[ ]P 2.5 0.5 0.5

DB[ ]P 2.5 0.5 0.5

I[ ]P 1 0.25 0.25

5MeChr 1 0.25 0.05

ortho

ortho

a

a

b

c

j

k

ghi

cd

ah

ae

ah

ai

al

cd

Analytes LOQ [μg kg

1D-GC GC×GC

1 μL 8 μL 8 μL

]–1

a b b

a

b

H .

L .

ot splitless injection

arge volume programmable temperature vaporization

Table 3

Limits of quantification using one-dimension GC (1D-GC) and

GC GC obtained by the optimized methods.×
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groups of PAHs (1st group: B[ ]A, CP[ ]P, and Chr;

2nd group B[ ]F, B[ ]F, and B[ ]F; 3rd group:

DB[ ]A, I[ ]P, and B[ ]P). Although none

of the column combination evaluated in the presented

study allowed a complete separation of all target

PAHs, BPX-50 × HT-8 column set-up showed the

ability to separate the 2nd group of PAHs. Other two

groups remained still unseparated. To achieve desired

LOQs, the LV-PTV injection (8 μL) was implemented

a cd

f k b

ah 1,2,3-cd ghi

allowing to obtain LOQs for almost all target analytes

by approximately one order of magnitude lower as

compared to hot sptliless injection (1 μL).
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Fig. .1 An example of GC GC chromatogram of PCBs and PBDEs (200 pg injected) using BPX-50×HT-8

capillary column system; 256, 290, 324, 358, 390, 404, 484, 564, 644 (yellow mono-ortho PCBs, green

non-ortho PCBs, white major PCBs, red PBDEs).

×

=m/z

Fig. .2 Separation of B[ ]F, B[ ]F, B[ ]F and B[ ]P; 252 (200 pg injected) using different capillary column systems.b j k a m/z =
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Abstract

A study on occurrence of a broad scope of mycotoxins in cereal-based infant and baby

food was carried out. In total, 34 samples of baby s biscuits and mush were analyzed for

contamination with almost fifty different mycotoxins. An ultra-high-performance liquid

chromatography-tandem mass spectrometry (UPLC-MS/MS) method, enabling sensi-

tive, reliable and fast determination of target mycotoxins was developed and validated

for this purpose. Tested samples of infant and baby food were found to be positive for

Fusarium mycotoxins (predominantly deoxynivalenol, its metabolite deoxynivalenol-

-3-glucoside, fumonisins and enniatins). It should be noted, that the concentrations of

detected toxins did not exceeded hygienic limits established by the European Com-

mission legislation.

’

1. Introduction

Infant and baby food, as well as other foodstuffs, can

be frequently contaminated with various kinds of

mycotoxins. Mycotoxins are known as secondary

toxic metabolites of various fungi species, which can

very easily affect raw materials, intended for food

production, in both pre-harvest and storing period. To

the most widely spread and most often detected

mycotoxins, which can threaten health of adults,

infants and small children are: aflatoxins, fumonisins,

trichothecenes, altertoxins, ochratoxin A, ergot alka-

loids and patulin. These contaminants can cause

serious health risks connected with acute and/or

chronic dietary intake of contaminated food. It was

proved that the content of some mycotoxins can be

decreased to some extent during the technological

procedures as a result of a thermal treatment. On the

other hand, some other mycotoxins, e.g. trichothe-

cenes, are stable under the processing conditions, thus

can be found in final food products.

Infants and small babies have very specific dietary

demands (compared to adult population), which have

to be reflected in requirements on special foods

destined for these small consumers. Infants and babies

are considered to be much more susceptible to intake

of various toxins, due to their low body weight, higher

metabolic rate and low ability to detoxify hazardous

contaminants/xenobiotics, such as mycotoxins [1].

The previous studies, which were focused on deter-

mination of mycotoxins in this special group of food,

clearly document the fact that most of cereal-based

baby foods, usually the first solid meals given to

infants, frequently contain a wide range of myco-

toxins at relatively low concentration levels [2–5].

Considering this fact, an accurate prediction of the

possible health impact of mycotoxins in infant foods

represents extremely difficult task, which is further

complicated by the additive or synergistic effects of

multiple mycotoxins present in infant food. The

inevitable exposure and harmful impact of myco-

toxins on consumers lead to necessity to establish

their health assessment. Unfortunately, the avail-

ability of suitable analytical methods and data for

baby food is rather limited. Worth to notice, that

relatively strict maximum hygienic limits in baby s

and infant food were already set for some mycotoxins

by the European Commission (1881/2006/EC, 1126/-

2007/EC and 105/2010/EC) [6–8].

Latest trend in mycotoxin analysis tends to

develop and implement very sensitive analytical pro-

cedures that can be used for multi-residual food

monitoring analyses of mycotoxins in single short run

without any time consuming sample pre-treatment.

The aim of this study was to develop such an

analytical method employing ultra-high-performance

liquid chromatography-tandem mass spectrometry

and use it for mycotoxins monitoring in baby food

samples [9–11].

Acetonitrile and methanol (both HPLC gradient

grade), acetic acid, formic acid, ammonium acetate

’

2. Experimental

2.1. Analytical Standards and Chemicals



76
Proceedings of 6th ISC ModernAnalytical Chemistry ▪ Prague 2010

and ammonium formate were obtained from Sigma-

-Aldrich (USA). All following analytical standards

(purity higher than 97%) of mycotoxins were obtained

from Biopure (Austria). Analytical standards of

mycotoxins: aflatoxins B1, B2, G1, G2; altertoxins:

altenuene, alternariol, alternariol-methylether; patu-

lin; ochratoxin A; fusarium toxins: zearalenon,

, , trichothecenes B such as

deoxynivalenol, deoxynivalenol-3-glucosid, nivalen-

ol, fusarenon-X, 3-acetyldeoxynivalenol, 15-acetyl-

deoxynivalenol; trichothecenes A: T-2 toxin, HT-2

toxin, T-2 triol, T-2 tetraol, verrucarol, diacetoxy-

scirpenol, neosolaniol; fumonisins B1, B2, B3; ergot

alkaloids: ergokornin, ergokristin, ergokryptin,

ergosin; enniatins A, A1, B, B1; beauvericin, citrinin,

deepoxy-deoxynivalenol, moniliformin, penitrem A

and roquefortin C.

Cereal-based baby food samples were obtained from

Czech retail markets at the beginning of year 2010. In

total, 13 samples of children biscuits and 21 samples

of cereal mush were analyzed; some of them

contained dried fruits, multi-cereal components and

milk.

Tested samples were homogenized prior to extraction

procedure. Representative sample (5 g) was extracted

with 20 mL of mixture of acetonitrile:water:formic

acid (79:20:1, v/v/v) for 60 min. An aliquot (4 mL) of

crude extract was evaporated to dryness and the

residue was dissolved in 1 mL of metanol:water

mixture (1:1, v/v). Sample analyses were performed

using UPLC-MS/MS system consisting of Ultra-

-Performance Liquid Chromatography (Acquity,

Waters, USA) coupled to a QTRAP 5500 System

(Applied Biosystems, USA). The chromatographic

separation was carried out with the use of an Acquity

UPLC HSS T3 column (100 × 2.1 mm i.d., 1.7 μm

particle size, Acquity, Waters, USA) was used. The

working parameters of analytical method were set as

follows: flow rate 0.5 μL min , column temperature

40 °C, injection volume 5 μl, auto-sampler tempe

rature 10 °C, the fast linear gradient program for sepa

ration of target compounds was used, the mobile

phase 1 (for LC-MS ESI- analyses, time of method

10 min) consisted of 5 ammonium

acetate in water (A1) and 100% methanol (B1), the

mobile phase 2 (for LC-MS ESI+ analyses, time of

method 13 min) consisted of

α-zearalenol β-zearalenol

2.2. Samples

2.3. Analytical Method

–1

–3 –1

-

-

×10 mol L

5×10 mol L
–3 –1

a

kg kg

kg -

mmonium formiate in water + 0.2% formic acid (A2)

and methanol + 0.2% formic acid (B2). The mass

spectrometer operated in both electrospray ionization

modes ESI+/ (MRM), the ion source temperature

was 600 °C, ion spray voltage +/ 4500 V.

Determination of such a wide range of mycotoxins,

which largely differ in physico-chemical properties, is

quite a difficult analytical task, especially with regard

to established low legislation limits.

The parameters of MS/MS method (declustering

potential, cell exit potentials, collision energies and

tuning of MRM transitions) were optimized for all

analytes in positive and negative mode with both

ammonium formate and acetate as mobile phase

additives. At the beginning of analytes tuning, it was

expected that reasonable signals for all analytes in

only one mode (positive mode was expected) will be

obtained. Unfortunately, some mycotoxins, e.g. tri-

chothecenes B and patulin, did not give such a good

results and their limits of detection would be higher

than established legislation limits. Switching of pola-

rities was also not possible, because of the retention

times of aflatoxins, which are similar to those of

trichothecenes B. On the basis of these results, it was

decided to split analytes into two groups and analyse

the samples in both positive and negative mode.

Method validation was carried out using biscuits

blank sample, which was artificially spiked by myco-

toxins mixture at two different concentration levels

(20 and 100ng g ) and that the whole procedure of

extraction and sample preparation was applied.

Performance characteristics of the analytical method

are summarized in Table , examples of

analytes chromatograms are shown in Figures 1 and 2

.

All together, 34 cereal based samples destined for

infants and babies were analyzed. The majority of

positive samples contained Fusarium toxins, namely

trichothecenes, fumonisins and enniatins. Approxi-

mately 67% (14/21) of cereal mush samples were

contaminated. Zearalenon was positive in 14% of

samples with mean contamination level 40 μg kg .

The markers of Fusarium contamination, deoxyni-

valenol (DON) as well as its conjugated form DON-3-

glucoside (D3G) were positive in five of all samples.

Their concentration levels ranged from 19 to

134 μg for DON and from 10 to 81 μg for

D3G. In six cases, HT-2 toxin was detected at levels

approximately 17 μg . Two mush samples (pro

duced from wheat flour with oat flour addition) also

–

–

3. Results and Discussion

–1

–1

1 (on next page)

(on following pages)

’

–1 –1

–1
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contained “new and emerging” mycotoxins belonging

to group of enniatins. The mean concentration of these

analytes was established at 8 μg .

The majority of investigated baby´s biscuits was

made from wheat flour and skimmed dried milk, to

some of them corn, rice and oats were added. Alike in

case of cereal mush samples, the main representatives

of Fusarium mycotoxins, the markers of cereals

contamination by moulds, were the main contami-

nants of biscuits. Only in one sample the toxic and

kg
–1

’

dangerous ochratoxin A was detected at the level

0.43 μg . The overview of sample contaminations

is shown in Figure 3. None of other tested mycotoxins

were detected in tested baby food samples. Future

experiments will be aimed at analytes scope

enlargement and method validation for additional

types of baby food.

kg
–1

Table 1

Precursor and product ions of analytes and performance characteristics of the method.

Analyte tr Precursor ion Product ions Recovery RSD LOQ

[min] [m/z] [m/z] (%) (%) (ng/g)

15-ADON 2.88 356.1 [M+NH ] 321.0/137.1 84 6.2 15

3-ADON 2.35 397.09 [M+CH COO] 336.9/306.9 87 4.1 10

Aflatoxin B1 2.74 313.0 [M+H] 285.0/241.0 95 6.8 0.5

Aflatoxin B2 2.54 315.0 [M+H] 287.1/259.0 103 7.1 0.5

Aflatoxin G1 2.54 331.1 [M+H] 313.0/189.0 101 6.9 0.5

Aflatoxin G2 2.54 328.96 [M+H] 273.03/229.1 105 7.0 0.5

Altenuen 2.30 293.1 [M+H] 275.1/257.0 101 5.6 5

Alternariol 3.78 256.98 [M H] 214.9/213.0 95 6.4 5

Alternariol-methylether 4.88 273.0 [M+H] 128.0/112.0 106 6.7 5

Beauvericin 7.47 801.28 [M+NH ] 784.1/262.2 107 6.1 5

Citrinin 3.00 251.1 [M+H] 233.1/205.1 79 6.0 2.5

Deepoxydeoxynivalenol 2.04 339.1 [M+CH COO] 248.9/59.1 83 8.3 5

Deoxynivalenol 1.80 355.1 [M+CH COO] 295.1/265.1 86 6.7 10

Diacetoxyscirpenol 2.97 383.99 [M+NH ] 307.2/105.0 87 7.1 5

DON-3-Glucoside 1.72 517.13 [M+CH COO] 456.9/426.9 92 4.2 5

Enniatin A 7.99 699.36 [M+NH ] 228.2/210.1 99 3.4 5

Enniatin A1 7.76 685.36 [M+NH ] 214.1/210.1 106 6.1 5

Enniatin B 7.27 657.3 [M+NH ] 213.9/196.1 105 3.4 5

Enniatin B1 7.53 671.24 [M+NH ] 228.1/214.1 102 5.7 5

Ergocornine 2.76 562.13 [M+H] 268.2/223.2 111 8.1 5

Ergocristine 3.13 610.09 [M+H] 223.1/208.045 104 6.4 5

Ergocryptine 3.08 576.12 [M+H] 268.1/223.1 110 4.2 5

Ergosine 2.57 548.12 [M+H] 223.1/208.0 112 5.1 5

Fuminisin B1 4.69 722.4 [M+H] 352.3/334.3 89 6.4 5

Fuminisin B2 4.24 706.4 [M+H] 336.2/318.3 85 3.8 5

Fuminisin B3 2.79 706.4 [M+H] 336.2/318.3 91 4.5 5

Fusarenon X 1.98 413.10 [M+CH COO] 353.1/263.0 89 4.2 5

Gliotoxin 4.41 326.89 [M+H] 282.0/263.1 94 8.1 5

HT-2 toxin 3.60 442.2 [M+NH ] 263.0/215.1 87 4.1 2.5

Moniliformin 1.25 96.9 [M H] 41.2 68 9.7 5

Neosolaniol 1.98 399.97 [M+NH ] 305.1/215.1 97 3.7 2.5

Nivalenol 1.55 401.96 [M+CH COO] 311.1/281 71 3.5 5

Ochratoxin A 4.63 403.9 [M+H] 239.0/102.0 115 5.4 0.5

1.81 254.95 [M H] 211.0/166.1 87 4.9 5

Patulin 1.54 213 [M+CH COO] 152.9/109.0 83 5.8 10

Penitrem A 3.48 635.091 [M+H] 616.2/558.2 107 5.8 5

Roquefortin C 1.61 390.066 [M+H] 322.1/193.0 105 8.3 5

Sterigmatocystin 4.83 325.0 [M+H] 310.0/281.0 96 3.9 5

T-2 tetraol 2.20 316.01 [M+NH ] 233.1/215.1 81 5 10

T-2 toxin 4.15 484.2 [M+NH ] 305.2/215.1 85 3.7 5

T-2 triol 1.98 400.004 [M+NH ] 233.1/215.1 80 5.3 10

Verrucarol 1.99 267.074 [M+H] 249.1/231.2 91 8.1 10

Zearalenon 5.06 317.1 [M H] 175.1/131.0 91 6.5 10

4.25 319.1 [M H] 275.0/174.0 83 2.8 5

4.82 319.1 [M–H] 275.0/175.0 89 3.4 5
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Fig. .1 UPLC/(ESI+)-MS/MS chromatograms of matrix-matched standard of representatives of analysed mycotoxins (50 ng mL ).–1
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Fig. 2. UPLC/(ESI–)-MS/MS chromatograms of matrix-matched standard of representatives of analysed mycotoxins (50 ng mL ).–1
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0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0

Time, min

0.0

2.0e4

4.0e4

6.0e4

8.0e4

1.0e5

1.2e5

1.4e5

1.6e5

1.8e5

2.0e5

2.2e5

2.4e5

2.6e5

2.8e5

3.0e5

3.2e5

3.4e5

3.6e5

3.8e5

4.0e5

I
t

it

1.51

1.29

zearalenon

ochratoxin A

3-ADON

fusarenon-X

DON + D3G



Fig. 3. Mean concentrations of detected mycotoxins in tested

infant and baby food samples.
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4. Conclusions

Fast, sensitive and reliable UPLC-MS/MS method

has been developed for determination of multiple

mycotoxins in cereal-based infant and baby food. This

new validated method has been used for monitoring of

mycotoxins in 34 samples of discussed special type of

food. To the most often detected mycotoxins belong

fumonisins, deoxynivalenol, zearalenon and enni-

atins. It should be noted, that all of tested samples met

the maximum hygienic limits established for some

mycotoxins by European Commission and the overall

contamination of tested samples is rather low.
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Fig. .1 Structures of -acetyl-D-glucosamine (A) and

-diacetylchitobiose (B).
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Abstract

Study of enzyme kinetics of glycosidases is inevitable for understanding their functions

in complex biological systems. However, such a study cannot be performed without

monitoring the concentration of products and substrates of these enzymes. For this

purpose, a fast and reliable analytical method is necessary. The separation mechanism of

capillary electrophoresis is well suited for separation of chitobiose and -acetyl

glucosamine as a substrate and product of - -acetylhexosaminidase. Thus a reliable and

sufficiently sensitive capillary electrophoresis method for their determination has been

developed and successfully utilized for kinetics studies of - -acetylhexosaminidase.

Reliability of the method was confirmed by repeatability studies and chemometric

analysis of calibration data. A remarkable advantage of the method lays in no need of

derivatization of analytes as well as the fact that the enzyme reaction is terminated simply

by injecting the reaction mixture into the capillary.

N

N

N

-

β

β

1. Introduction

Glycosidases are enzymes that catalyze cleavage of

poly- and oligosaccharide chains. Expression of some

glycosidases is also connected with pathogenesis that

takes place under stressing conditions [1]. - -acetyl

hexosaminidase is a representant of glycosidases

enzyme family and catalyzes for example cleavage of

disaccharide chitobiose to monosaccharide -acetyl

glucosamine. - -acetylhexosaminidase has several

functions in the biochemistry of fungi [2 4]. The

investigation of activity and kinetics of this enzyme is

crucial for understanding the complex biological

processes in which - -acetylhexosaminidase parti

cipates. The activity of enzymes is usually studied by

observing the concentration of their substrates and

products in the reaction mixture. Such a procedure,

however, requires a fast analytical method of a suffi

cient sensitivity and selectivity.

In the literature, mainly separation techniques

were reported for determination of saccharides [6].

Capillary electrophoresis (CE) is well established as a

tool for determination of saccharides [7, 8]. However,

the CE separation of saccharides is rather complicated

problem as they possess electric charge only in highly

alkaline solutions and this charge is negative which

means that they exhibit counter-electroosmotic flow

migration resulting in a long analysis time, enhanced

adverse dispersion effects and a lower repeatability of

β N

N

N

N

-

-

–

-

-

β

β

measurements. Moreover, saccharides exhibit very

low UV absorbance. Both these difficulties can be

solved by derivatization of analytes before analysis.

Appropriate chromophore [9] or fluorophore [10] can

thus be introduced into the molecule of analyte. This

approach enables highly sensitive detection, espe

cially when the fluorescence detector is used. On the

other hand, the derivatization brings the risk of sample

loss or contamination during the procedure as well as a

prolonged sample processing. Therefore, methods

using indirect UV [11] or conductivity detection [12]

have been developed. Nevertheless, none of them

surpassed the others remarkably. In this work,

a method for separation of saccharides chitobiose and

-acetylglucosamine was developed. As can be seen

in Figure 1, these analytes contain the UV absorbing

amide bond in their structures and thus direct UV

detection can be utilized with sufficient sensitivity.

-

N
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2. Experimental

3. Results and Discussion

2.1. Chemicals

2.2. Instrumentation

N

β- -acetylhexosaminidase was graciously donated by

Prof. Karel Bezouška (Charles University in Prague,

Faculty of Science, Department of Biochemistry).

The enzyme was isolated from

strain CCF1066 following the procedure described in

cit. [13]. Sodium hydroxide, p.a., and sodium tetra

borate decahydrate, p.a., were purchased from

Lachema (Brno, Czech Republic). -diacetyl

chitobiose,

N

Aspergillus oryzae

N,N'

-

-

≥ 96%, and -acetyl- -glucosamine,

≥ 99%, were delivered by Sigma (St. Louis, MO,

USA). Background electrolytes and samples were

prepared using deionized water produced by a Milli-Q

system, Millipore (Billerica, MA, USA).

N D

Experiments were carried on an Agilent CE3D

apillary. Prior to the first use, the capillary was

flushed 20 min with 1 M sodium hydroxide and

10 min with water using a pressure of 100 kPa. Before

each run, the capillary was flushed 2 minutes with

background electrolyte. Samples were injected using

ei

Chitobiose is a dimer of -acetylglucosamine as

obvious from the Figure 1. Since the electrophoretic

7200

instrument (Agilent Technologies, Waldbronn, Ger

many). Fused silica capillaries, 50 and 75 μm i d, were

cut to the 65 cm length. Detection window was burnt

by a butane flame 56.5 cm from the inlet end of the

c

ther pressure of 5 kPa for 3 s or 5 kV for 5 s.

A voltage of 15 kV was applied during the separation

(30 kV for 50 μm id). The capillary was thermostated

at 25 °C.

-

.

mobility is proportional to the ratio of charge and

hydrated radius of an ion, chitobiose and -acetyl

glucosamine differ in their electrophoretic mobilities

which means that, despite their similar chemical

properties, they can be separated by CE. Saccharides

are ionized (and migrate in electric field) only in extre

mely alkaline background electrolytes. However,

these electrolytes possess a critically high conduc

tivity, which makes them rather unsuitable for CE

experiments. To avoid use of highly alkaline electro

lytes, borate buffer was employed as the borate anions

form negatively charged complexes with saccharides

[14, 15]. These complexes then migrate in electric

field and can be separated. As 20 mM sodium

tetraborate buffer, pH 9.2, did not provide baseline

separation of the analytes, ionic strength was elevated

to 25 mmol L . The mentioned buffer provided

a complete separation and the current of 42 μA was

still acceptable with respect to Joule heat produced

during the run.

The method was originally developed for 50 μm

i d capillary and provided separation in 5 minutes.

However, for the quantification purposes, 50 μm i d

capillary was found to be unsuitable because the

repeatability of peak area was insufficient. This can be

attributed to a higher tendency of the 50 μm i d

capillary to clog. Due to instable hydrodynamic resis

tance in capillary, the efficiency of sample injection

varied and the peak area became irreproducible. Thus

the method was adapted to 75 μm i d capillary. As the

higher inner diameter brings a significantly higher

electric current, the voltage had to be reduced to 15 kV

so that the corresponding current of 55 μA was kept at

acceptable level. This voltage adjustment prolonged

the analysis time to 9 minutes. Nevertheless, Table 1

shows that a three-fold improvement of the peak area

repeatability was achieved. Electrokinetic and hydro

dynamic injection modes were tested and are compa

red in Table 1 as well. Based on the results, the

N -

-

-

-

=

. .

. .

. .

-

. .

-

-

–1

. . . .

relative standard deviation [%]

50 m i d capillary 75 m i d capillary

time area height time area height

Hydrodynamic injection

Chitobiose 0.7 14.1 11.1 1.4 8.1 5.6

-Acetylglucosamine 0.8 15.2 15.5 1.4 6.5 4.5

Electrokinetic injection

Chitobiose 0.4 11.5 9.3 1.6 3.4 4.6

-Acetylglucosamine 0.4 11.8 12.5 0.8 3.4 3.5

μ μ

N

N

Table 1

The repeatability of migration times, peak areas and peak heights in 50 and 75 m i d

capillaries expressed as the relative standard deviation, = 10. B :

25 mM sodium tetraborate, pH 9.2; temperature 25 °C; voltage 30 kV for 50 m and

15 kV for 75 m capillary; detection at 200 nm; concentration 1 10 mol L .

μ

μ

μ

. .

ackground electrolyte

=

×

n

–3 –1
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Fig. .2 Separations of chitobiose (1) and -acetylglucosamine (2)

in capillaries of the 50 and 75 m inner diameter. B

: 25 mM sodium tetraborate, pH 9.2; temperature

25 °C, voltage 30 kV for 50 m and 15 kV for 75 m capillary,

detection at 200 nm, concentration 1×10 mol L .

N

μ ackground

electrolyte =

μ μ

–3 –1

electrokinetic injection was chosen because it

provided a higher repeatability (see Table 1).

Electropherograms obtained with the 50 and 75 μm

i d capillaries are displayed in Figure 2.

The 75 μm i d capillary was used for further

experiments. Calibration standards in the concen

tration range from 0.1 to 2.0 mmo were measured

and linear regression was performed using the least

squares method. The resulting calibration curve was

subjected to chemometric analysis. Parameters of the

method for determination of chitobiose and -acetyl

glucosamine are shown in Table 2. Obviously, linear

regression provides a satisfactory model of response

as it explains 99.7% of the response variability for

both analytes (see values). The deviation of line

arity coefficients from ideal value, = 1, is safely

within 5% range, which means that the detector res

ponse can be considered as linear over the studied

. .

. .

-

l

-

-

-

L
–1

N

R

l

2

concentration range. These results show that an

elevation of the baseline after the chitobiose peak

observed in electropherograms with the 75 μm

capillary has no adverse effect on quantification. The

limit of detection and the limit of quantification were

calculated from standard deviation of intercept; their

values 0.4 10 and 1.2 10 mol , respectively,

show that the developed method is sufficiently sen

sitive for the enzyme kinetics study.

The developed method was employed to prove that

chitobiose is the substrate of - -acetylhexos

aminidase. Figure 3 shows a decrease of the

chitobiose concentration and an increase of the

-acetylglucosamine concentration in the reaction

mixture. The graph in the Figure 3 also suggests that

one molecule of chitobiose is cleaved into two

molecules of -acetylglucosamine which is in accor

dance with the expected stoichiometry. The developed

× ×

-

– – –14
L

4

-

-

β N

N

N

Fig. 3. Concetrations of chitobise (♦) and -acetylglucos-

amine (◊) in the reaction mixture as a function of the reaction time.

The enzyme hexosaminidase diluted 1/20 000. 50 mM citrate

buffer, pH = 4.5.

N

Chitobiose -Acetylglucosamine

Calibration range 0.1–2.0 mmol L 0.1 2 mmol

Slope 21.05 min L mmol 51.44 min L mmol

Intercept 0.2682 min 0.4182 min

0.9975 0.9972

27 27

Linearity coefficient 0.9750 0.9968

Limit of detection 0.04 mmol 0.04 mmol

Limit of quantification 0.12 mmol 0.12 mmol

N

R

N

–1

2

– .0 L

– –

L L

L L

–1

–1 –1

–1 –1

–1 –1

Table 2

The calibration parameters of the capillary electrophoresis method for

determination of chitobise and -acetylglucosamine.N
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method is also advantageous for the kinetics study

because the enzymatic reaction can be terminated

simply by injection of the reaction mixture into the

capillary. The enzymatic reaction stops immediately

after beginning of the run because the overall charge

of the enzyme is under the employed conditions

positive and the enzyme and the chitobiose molecules

migrate in the opposite direction.

A capillary electrophoresis method for fast simul

taneous determination of chitobiose and -acetyl

glucosamine as the substrate and product of the

enzyme - -acetylhexosaminidase has been deve

loped. The reliability of the method was confirmed by

the migration time and peak area repeatability study.

Further, the evaluation of the calibration curve proved

that the method is well applicable for quantification

over the concentration range considered. The method

was used to prove that - -acetylhexosaminidase

catalyzes the cleavage of chitobiose into two

molecules of -acetylglucosamine. A study of

- -acetylhexosaminidase kinetics is in progress and

is to be followed by an enzyme kinetics study with

chitotriose, which is a trimer of -acetylglucosamine.

4. Conclusions

-

-
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Abstract

In this work, we are demonstrating a very easy method for preparation of polystyrene-

based monolithic columns for capillary liquid chromatography suitable for low-molec-

ular-weight compounds. The influence of addition of methacrylic acid in the polymeri-

zation mixture on the separation selectivity and column efficiency was investigated. The

preparation method is universal for both capillary liquid chromatography and capillary

electrochromatography measurement. Due to the simplicity of monolith fabrication,

comprehensive studies of the retention and separation behaviour of monolithic

poly(styrene-divinylbenzene-methacrylic acid) columns resulted in high run-to-run and

batch-to-batch repeatability.

1. Introduction

Monolithic columns represent powerful and cheap

alternative to conventional packed columns for appli-

cation in capillary techniques. The current approach is

focused on preparation of universal columns suitable

for separations in both, capillary liquid chromato-

graphy (CLC) and capillary electrochromatography

(CEC). Polymer-based monoliths have widely been

studied in recent years. Thanks to their simple

preparation and no need of retaining frits, they have

attracted a growing attention in separation techniques.

In addition, the morphologic properties and functio-

nality of the polymeric monolithic supports can easily

be modified by either changing the composition of

polymerization mixture or polymerization conditions.

Polystyrene-based monoliths have been proved to be

excellent stationary phases because of their high

chemical stability across a wide pH range. They offer

unique efficiency and fast analyses, particularly in the

separation of larger molecules such as peptides,

proteins and nucleic acids [1–3]. However, the

number of studies applying polystyrene-based

monoliths to separation of small molecules is limited.

Up to now, very few reports of efficient CEC

separations of neutral low-molecular-weight com-

pounds on polystyrene-based monoliths could be

found in the literature [4–6]. To adapt the stationary

phase for separation of small molecules, the monolith

can be modified either by changing the composition of

the monomer mixture or by post-polymerization

modification [7, 8].

The influence of methacrylic acid (MAA) addition

to the polymerization mixture for CLC columns was

studied and compared with common monoliths based

on polystyrene. The newly designed polymeric

monolithic support enables highly efficient sepa-

rations of typical low-molecular-weight compounds.

3-(trimethoxysilyl)-propyl methacrylate (99%) and

ethylbenzene (p.a.) were purchased from Fluka

(Buchs, Switzerland). Styrene (for synthesis),

divinylbenzene (for synthesis), toluene (extra pure),

methacrylic acid (for synthesis) and , ´-azobisiso-

butyronitrile (AIBN) (98%) were obtained from

Merck (Germany). Thiourea (99%), phenol (99%),

aniline (98%), benzene (99%), propylbenzene (99%)

and butylbenzene (98%) were purchased from Sigma

Aldrich (USA). Isooctane (p.a.) and orthophosphoric

acid (p.a.) were bought from Lach-Ner (Czech

Republic). Sodium hydroxide (p.a.) was provided by

Lachema (Czech Republic). Acetonitrile and

methanol (gradient-gra

2. Experimental

2.1. Chemicals and Reagents

α α

de for liquid chromatography)

were supplied by Merck (Germany). Polyimide

coated fused-silica capillaries of 320 μm i.d. were

obtained from Supelco (USA). Deionised water was

84
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prepared using a Milli-Q water system (Millipore,

Milford,

0.10 μ internal

loop (Schenkon, Switzerland) and a LINEAR

UVIS-205 photometric detector (USA). Clarity

software (Data Apex, Czech Republic) was used for

data collection and evaluation.

rior to the polymerization, the inner wall of a 320 μm

i.d. capillary was treated according to the procedure

described by Courtois [9].

monolith was carried out using the

procedure described in [4]. This procedure was

adopted in several points for preparation of styrene-

based capillary monolithic columns for CLC. The

polymerization mixture contained 50 μ of styrene,

100 μ of divinylbenzene and 50 μ of methacrylic

acid as monomers, 300 μ of toluene and 300 μ of

isooctane as the porogen mixture and AIBN as the

initiator

USA). All samples were dissolved in mobile

phases in concentrations ranging from 0.2 to

0.5 mg mL .

The CLC experiments were performed with an ISCO

syringe pump model 100 DM (Lincoln, USA), a Valco

International injection valve with a L

P

The fused-silica

capillary was first flushed and filled with 1 mol L

NaOH. Both ends of the capillary were sealed and

containing

10% (v/v) 3-(trimethoxysilyl)-propyl methacrylate in

toluene was filled into the capillary. The capillary

ends were sealed and the capillary was kept for 2 h at

room temperature.

Preparation of the poly(styrene-divinylbenzene-

-methacrylic acid)

-

L

L L

L L

(1% (w/w) with respect to the monomers).

The polymerization mixture was sonicated for 15 min

until it became homogene

-

hic column first with methanol

then with the mobile phase.

–1

–1

2.2. Apparatus

2.3. Preparation of the Monolithic Columns

et al.

the

capillary was kept in a thermostated oven for 3 hours

at 120 ºC. Subsequently, the capillary was rinsed with

deionized water followed by acetone, dried by

nitrogen for 10 min and then left in an oven for another

1 h at 120 ºC. The silanization mixture

ous, and then degassed with

a stream of nitrogen for 10 min. The silanized capi

llary was filled with the polymerization mixture, both

ends were sealed and the capillary was placed in

a water bath at 60 ºC for 6 h. A syringe pump was used

to wash the monolit

3. Results and Discussion

3.1 Influence of the Methacrylic Acid Addition on

Resolution Properties of the Monolith

et al. et al.Both Xiong [10] and Jin [4] successfully

prepared negatively charged polystyrene-based

monolith by a single step polymerization using MAA

as a charge-bearing monomer for CEC. Surprisingly,

the impact of MAA on selectivity of the monolithic

columns is rarely considered in the literature. To

assess the effect of incorporation of charge-bearing

monomer (MAA) to the polymerization mixture, two

batches of columns with and without MAA was

prepared according to the modified procedure

described in the literature [4]. The test mixture

containing eight low-molecular-weight compounds

(thiourea, phenol, aniline, benzene, toluene, ethyl-

benzene, propylbenzene, butylbenzene) was chosen

to evaluate influence of the methacrylic acid addition

on separation selectivity of the monolithic columns.

When the monolithic columns were polymerized

without MAA, no separation of the test compounds

was observed (Fig. 1, chromatogram I). On the other

hand, all the columns prepared with addition of MAA

provided baseline separation of all eight test analytes

with a column efficiency of about 28,000 theoretical

plates m (Fig. 1, chromatogram II). These experi

mental results clearly demonstrate a meaningful

impact of MAA on the chromatographic behaviour of

the monolithic columns.

–1 -

Fig. .1 Capillary liquid chromatography separation of small

molecules on poly(styrene- -divinylbenzene) columns without

methacrylic acid (chromatogram I) and with methacrylic acid

(chromatogram II). Experimental conditions: eluent acetonitrile-

water (65:35, v/v

L L

( ) ( ) ( ) ( )

( ) ( ) ( ) , ( ) -

co

), photometric detection at 214 nm; flow rate

4 μ min ; injection volume 0.10 μ ; effective column length

17 cm. Peaks: 1 thiourea, 2 phenol, 3 aniline, 4 benzene,

5 toluene, 6 ethylbenzene, 7 propylbenzene and 8 butyl

benzene.
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3.2 Repeatability of the Monolith Preparation and

the Column Performance

High separation efficiency is one of the most impor-

tant factors that makes separation media attractive to

their users. However, repeatability is undoubtedly

essential requirement, too. The preparation of mono-

lithic columns based on organic polymers is relatively

simple compared to the fabrication of common

packed columns. Nevertheless, the pretreatment of the

capillary, the preparation and optimization of

the polymerization mixture and the polymerization

process itself make each column original. Therefore,

the batch-to-batch repeatability has to be assessed.

The retention times and theoretical plate heights of the

test compounds were used to study the batch-to-batch

and the run-to-run repeatability of the prepared

monoliths. Fig. 2 shows comparison of the chromato-

graphic properties of three monolithic columns

synthesized from three independent polymerization

mixtures of the same composition. The retention

behaviour of all investigated analytes turned out to be

comparable, RSDs ranged from 1.0 to 1.5% for

retention times. Furthermore, the fluctuation of

separation efficiencies was found low (RSD =

= 1.6–5.5% for HETP). The run-to-run repeatability

of poly(styrene-divinylbenzene-methacrylic acid)

monolith was checked by repetitive separations of the

test mixture. The investigation of repeatability of

the retention behaviour was based on fifteen runs

performed on the same column. The RSD values for

the retention times were found to be between

0.3–0.5%. The RSD values obtained show a high

reproducibility of the preparation procedure of

monolithic columns presented in this study.

We have shown highly efficient separations of low-

-molecular-weight compounds achieved with

poly(styrene- -divinylbenzene- -methacrylic

acid) monolith as stationary phase for CLC. Despite of

the fact that majority of scientific papers considers

MAA only as a charge-bearing agent for the gener-

ation of EOF in CEC, this work demonstrates a

general notable effect of this monomer on the

separation selectivity of monoliths. The comprehen-

sive batch-to-batch and run-to-run repeatability

studies revealed a high reliability of the prepared

separation media.

4. Conclusions

co co
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Fig. 2. Column-to-column repeatability of three independently

prepared poly(styrene- -divinylbenzene- -methacrylic acid)

capillary columns illustrated by separation of the test mixture.

Experimental conditions: eluent acetonitrile-water (65:35, v/v

L

L ( )

( ) ( ) ( ) ( ) ( )

( ) , ( )

co co

),

photometric detection at 214 nm; flow rate 4 μ min ; injection

volume 0.10 μ ; effective column length 17 cm. Peaks: 1

thiourea, 2 phenol, 3 aniline, 4 benzene, 5 toluene, 6

ethylbenzene, 7 propylbenzene and 8 butylbenzene.
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Abstract

World of colours goes with human population since ancient time. People use natural dyes

for the paints and textile dyeing or making of organic pigments and lakes. Natural organic

dyes are extracted from plants and animals. They contain various organic compounds

which are typical for locality and climatic conditions of their origin. Their main colouring

substances are structurally very similar and thus separation methods are used for their

identification. Micellar electrokinetic chromatography has a power to resolve the dye-

stuffs from their complex matrix with high separation efficiency.

– o 0.0 –0.0

0.0

0.0 =

Although this technique belongs to destructive methods, it allows to identify organic

dyes more accuraly than any of non-destructive methods.

The effects of buffer pH

(6.5 10.8) and sodium dodecyl sulfate concentrati n ( 1 2 mol L ) on the effective

mobilities of the analytes and their identification were tested. Micellar electrokinetic

chromatography permits separation of all the analytes within 16 min, using 15 mol L

sodium dodecyl sulfate in 1mol L tetraborate buffer, pH 8.5, at a voltage of 20 kV.

–

–

–

1

1

1

1. Introduction

Natural organic dyes are wide used to prepare organic

pigments, lakes and textil dyeing. For textil dyeing the

dyestuffs are extracted from plants or animal bodies

(especially insects), flushed in baths and precipitated

on inorganic medium. Plants and animals living at

different climate and geographic ground contain

particular organic and inorganic substances. Identifi-

cation of these unique substances is important for

restorers, as well as for verification of the authenticity

of works of art. So, the development of the analytical

methods is of great interest.

The natural organic dyestuffs contain so called

main colouring components which are responsible for

colour of each dye. The main colouring components

mostly belong to derivatives of indole (blue tones),

phenol (yellow tones) and quinone (red tones) [1–3].

Their chemical structures are very similar in the same

group of derivatives (Fig.1). Therefore the high-

-efficiency methods are needed for their separation

and identification.

The main scope of this paper is optimization of

micellar electrokinetic chromatography (MEKC) for

identification of chosen natural organic dyes, namely

acaroid, brazilwood, dragon s blood, kamala, log-

wood, cochineal, madder and lac-dye.

The most of chosen natural organic dyes belong to

group of mordant dyes. The mordant dyes constitute a

class of dyes according to technique of textile dyeing.

’

Fig. .1 Chemical structures of known main colouring matters of

chosen organic dyes.
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The textile fibres must be first mordanted by salt of

multivalent ion of metal known as mordant. It is in

effect an adsorption bond of metal ion into the fibre

structure. After that the mordant dyes create the

insoluble colourful complex with metal ion, known as

lake. Acaroid and brazilwood belong to resin dyes.

The main colouring component of brazilwood

is brazilein. Brazilein s structural homologous is

haematein which is a main colouring matter of dye

logwood. The dye dragon s blood contains resins,

tanstuffs and main colouring compounds which are

derivatives of pyrrole dracorhodin and dracorubin.

Rottlerin is a main colouring matter of dye kamala.

Other quinone derivatives alizarin and purpurin are

responsible for colourful tone of dye called madder or

krapp.Alizarin and purpurin are homologues differing

in number and position of hydroxyl groups (Fig.1).

Carminic acid and laccaic acid are derivatives of

anthraquinone, too and are prepared from dried bodies

of insect. Carminic acid is main colouring compound

of the dye cochineal. Laccaic acid contained in dye

called lac-dye occurs in five forms marked as A to E

(see Fig.1). The laccaic acid A is the majority form of

laccaic acid. The chemical structures of main

colouring compounds of chosen natural organic dyes

are shown in Fig.1. [1, 4, 5].

The analytes 1-acetyl-2,4,5,7-tetrahydroxy-9,10-

anthraquinone (tetra-HA), 1-acetyl-2,4,5,7,8-penta-

hydroxy-9,10-anthraquinone (penta-HA) and 1,2-di-

hydroxy-9,10-anthraquinone (alizarin), were isolated

at the Institute of Microbiology of the Academy of

Sciences of the Czech Republic with a purity 98.0%

determined by HPLC [6, 7]. 1,2,4-trihydroxy-9,10-

anthraquinone (purpurin) with a purity 95.0% were

obtained from Fluka (Switzerland). The other stan

dards of colouring main compounds of dyes, carmine,

carminic acid, laccaic acid, haematein and rottlerin

were obtained from Sigma-Aldrich, Germany. The

dyes acaroid, kamala and madder were obtained from

Kremer Pigmente (Germany). The dyes dragon s

blood and cochineal (dried abdomens of )

were purchased from Sandragon (Czech Republic).

Other dyes brazilwood, logwood and lac-dye were

donated by Department of Chemical Technology of

Monuments Conservation, ICT Prague.

For the preparation of the background electrolytes,

disodium tetraborate decahydrate (p.a.), sodium

dihydrogenphosphate (purity

’

’

>

- >

-

’

≥ 99.0%) and disodium

hydrogenphosphate (purity ≥ 99.0%) were supplied

2. Experimental

2.1. Chemicals

Coccus cacti

by Lachema (Czech Republic), sodium dodecyl

sulfate (SDS, purity ≥ 95.0%) by Sigma-Aldrich (Ger-

many), sodium hydroxide (p.a.) by Lach-Ner (Czech

Republic) and hydrochloric acid (p.a.) by Penta

(Czech Republic). Methanol (MeOH, purity ≥ 99.9%)

from Sigma-Aldrich was used to dissolve the analytes.

The buffers were prepared using water purified by

Rowapur and Ultrapur systems from Watrex (San

Francisco, CA, USA).

2.2. Instrumentation

2.3. Standard Solutions and Buffers

The electrophoretic measurements were carried out

on HP CE with diode-array detector (Agilent

Technologies, Germany) and PrinCE 250 auto

sampler (PrinCE Technologies B.V., Netherlands)

with UV/Vis detector Spectra 100 (Therma

Separation Products, USA). The fused-silica capillary

from CACO (Slovak Republic) was used for

experiments. The parameters of capillary were: . .

= 75 m or 50 m, . . = 380 m, length to the detector

55.8 cm and total length of capillary 70 cm. The

capillary was every morning flushed by deionized

water (5 min), 1 NaOH (10 min), deionized

water again (5 min) and background electrolyte

(BGE) for 10 min. During the analysis the capillary

was flushed by 1 NaOH (2 min), deionized

water (3 min) and BGE (3 min). The measurements

were carried out at temperature about 25 °C with

hydrodynamically injection of 20 30 mbar for 5 s, at

separation voltage of +20 kV and detection at wave

length of 254 nm. Each analysis was repeated three

times.

The alizarin, purpurin, tetra-HA and penta-HA were

dissolved in MeOH to obtain concentration of

0.1 . Standard solutions of individual

dyes acaroid, brazilwood, dragon s blood, logwood,

kamala and lac-dye were prepared as saturated

solutions in MeOH.Analogously haematein, rottlerin,

carmine, carminic acid and laccaic acid were saturated

in MeOH. The solutions of analytes were

The standard

solutions were diluted with MeOH to an appropriate

concentration before use. The BGEs were

1 phosphate buffers of pH 7.6 and 6.6,

3D

-

i d =

o d

mol L

mol L

The PHM 220 instrument (Radiometer,

Denmark) was used for measuring of the electrolyte

pH. Methanolic solutions were sonicated in Ultra

sonic bath LC30H (P-Lab, Czech Republic) and

filtered through a polypropylene syringe filter with

pore size of 0.2 m (Whatman, USA).

×10 mol L

’

sonicated

for 60 mins and then filtered through a 0.2 m disc

polypropylene filter prior to the analysis.

0.0 mol L

μ μ μ

μ

μ

–1

–1

–3 –1

–1

–

-

-

=
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and 1 tetraborate buffers of various pH

values ranging from 8.5 to 10.8 with addition of SDS

to obtain 10, 15 and 20 concen

trations.

0.0

0.0 0.0 0.0 -

mol L

mol L

–1

–1

1

1

3. Results and Disscusion

Micellar electrokinetic chromatography (MEKC)

serves first of all to separation of charged and

uncharged molecules, as well. The separation of these

hydrophobic molecules is based on different

distribution coefficients between water and pseudo-

stationary phase. This phase is created by micelles.

According to the chemical structures of analytes, the

BGE of alkaline pH values are needed.At this high pH

value, the separated analytes are dissociated and carry

a negative charge. However natural organic dyestuffs

contain a lot of hydrophobic uncharged substances

and are often insoluble in aqueous buffers. Due to this

fact, the addition of sodium dodecyl sulphate (SDS)

into BGEs could increase the solubility of analytes in

BGE and improve the separation of uncharged

molecules.

The four homologous derivatives of anthra-

quinone alizarin, purpurin, tetra-HA and penta-HA

were chosen to obtain optimized conditions of MEKC

separation. 0.0

speed

The effects of pH values of 1 mol L

phosphate buffer and 1 mol L tetraborate buffer

in a range of 6.5 10.8 and sodium dodecyl sulfate

concentration ( 1 2 mol L ) on and

eff

oeffective mobilities are presented in the

Table 1.

–1

0.0
–

–

–

0.0 –0.0

iciency of separation were tested. The obtained

pseud

According to , high separation

efficiency and resolution of studied analytes, the

10 mol L tetraborate buffer with pH 8.5 and

addition of 15 mol L SDS was chosen as the

optimized BGE. These optimized conditions with

hydrodynamic injection 20 or 30 mbar for 5 s, voltage

20 kV and detection at 254 nm were applied on

separation and the electrophoretic behaviour

of chosen natural organic dyes. At the same

conditions, the electrophoreograms of commercially

available main colouring compounds were obtained to

identify and verify the majority peaks in the

electrophoreograms of each dye. In the Fig. 2, there

speed of analysis

0.0
–1

=

0.0
–1

(SDS) pH (10 m V s )

mol L
alizarin purpurin tetra-HA penta-HA

0.020 10.8 –25.10 35.43 34.95 34.84

9.5 23.39 32.21 33.30 33.95

8.5 23.17 29.10 39.57 38.91

7.5 39.73 29.77 34.49 35.43

6.5 42.25 37.89 39.43 38.60

0.015 10.8 25.28 35.31 35.08 34.48

9.5 23.32 30.10 34.95 34.05

8.5 22.77 26.97 38.41 37.92

7.5 35.79 31.63 30.50 34.86

6.5 41.23 35.07 37.28 34.35

0.010 10.8 24.15 33.94 34.57 34.62

9.5 23.24 30.17 33.54 34.22

8.5 23.13 28.90 37.00 38.23

7.5 30.71 27.80 33.81 35.26

6.5 34.81 30.53 31.01 31.43

c μeff

9 2 1

–1

– – –1

– – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

– – – –

[ ]

Table 1

The overall electrophoretic mobilities of analytes obtained in MEKC at

different pH values and different concentrations of SDS. Background

electrolyte: 1 mol L tetraborate buffer (pH 8.5 10.8) or

1mol L phosphate buffer (pH 6.5 7.5).

0.0

0.0

–1 = –

= ––1

Fig. 2. The electrophoreograms of dyes brazilwood, acaroid and

dragon s blood under optimized conditions:

=

’ 0.01 mol L

tetraborate buffer, pH 8.5 and addition of 0.015 mol L SDS,

hydrodynamically injection 20 mbar (in case of dragon’s blood

30 mbar) for 5 s, voltage 20 kV and detection at 254 nm.

–1

–1
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are presented resins dyes acaroid and dragon s blood

which are very similar and almost undistinguishable

by infrared spectroscopy and TLC analysis.

For other remaining dyes, i.e. kamala, logwood,

lac-dye, madder and cochineal, main

colouring components were available. , the

majority peaks in electrophoreograms of each dye

were verified by measurement of single main

colouring component and its addition into solution of

related dye, as well. In Fig. 3, MEKC analysis of dyes

kamala, logwood, cochineal and madder are shown.

The dye lac-dye contains three intensive peaks in its

electrophoreo gram which correspond to three peaks

shown in MEKC analysis of commercially obtained

standard laccaid acid

’

Their

standards are not available, similarly to main

colouring matter of brazilwood (Fig.2).

the standards of

Therefore

-

(Fig. 4). To identify the three

laccaic acids forms, a combination with the mass

spectroscopy is necessary.

Fig. 3. The electrophoreograms of four dyes: (A) cochineal with main colouring compounds carminic acid (1) and carmine (2);

(B) madder with main colouring compound alizarin (1); (C) logwood with main colouring compound haematein (1); and (D) kamala with

rottlerin (1) as its main colouring compound. The separation conditions were =0.01 mol tetraborate buffer, pH 8.5 and addition of

0.015 mol SDS, hydrodynamically injection 20 mbar for 5 s, voltage 20 kV and detection at 254 nm.

L

L

–

–

1

1

Fig. 4. The electrophoreogram of the dye lac-dye and its main

colouring component laccaic acid which coexists in up to five

forms A E.– The separation conditions were

=

0.01 mol

tetraborate buffer, pH 8.5 and addition of 0.015 mol SDS,

hydrodynamically injection 20 mbar for 5 s, voltage 20 kV and

detection at 254 nm.

L

L

–

–

1

1
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4. Conclusions

The MEKC method is useful for reliable identification

of all studied natural organic dyes at concentrations

higher than 0.1 mg mL . The optimized conditions of

separation of alizarin, purpurin, tetra-HA and penta-

HA were found and applied to separate of natural

organic dyes. The optimized separation conditions are

0.010 mol L tetraborate buffer, pH = 8.5 with

0.015 mol L SDS, hydrodynamical injection of

20 mbar for 5 s, separation voltage 20 kV and detec-

tion at wavelength 254 nm.There are some disadvan-

tages of MEKC method, i.e. low solubility of studied

dyes in MeOH and aqueous buffers, or destruction of

sample. Therefore, non-destructive spectroscopic

methods are often used. In contrary to them, MEKC

makes possible to distinguish the resin dyes acaroid

and dragon s blood due to the MEKC high separation

efficiency. And moreover, there is a possibility of

mass spectroscopy detection needed to determine

a structure form of laccaic acid.

’
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Bombus lucorum

B. terrestris B. luco

rum

Z

de novo

de novo

in vitro

2.1. Insects

2.2. Chemical

species which is closely related to

the in the behavioural and habitat.

males produces aliphatic compounds only. The

most abundant is ethyl ( )-tetradec-9-enoate

(53%) [2].

There are two potential pathways which could

deliver these compounds: biosynthesis from common

lipids in the fat body [6] or from acetate units

in the labial [7]. This work is focused on bio

synthesis study using method of incubation of

the labial gland and fat body with radioactive

[1,2- C]acetate and analysis of the metabolites.

The bumblebee males of both species were obtained

from laboratory colonies from cooperating laboratory

in Faculty of Science of Masaryk University in Brno.

The tissues used in the incubations (cephalic part of

the labial gland and fat bodies) were obtained from

2 days old bumblebee males.

Water solution of sodium [1,2- C]acetate was pre

pared from commercially available ethanol solution

of specific activity 3.7 kBq u (PerkinElmer, USA).

-

-

-

-

L

14

14

2. Experimental

–1

1. Introduction

Most of the living creatures in our planet use variety

kinds of compounds for communication. Pheromones

belong to the group of infochemicals which are used

for intra-species communication. Pheromone com

munication is the most important especially for insect

particularly for the social insect (ants, termites, bees,

wasps, etc.). It influences all aspects of their life like

mating, food source finding, identification of the

colony members and others. Identification of the com

pounds involved in the communication and study of

their biosynthesis is important for people for many

reasons like using species-specific and non-toxic

defence against pest (termites, ants, fruit flies, bark-

beetle, etc.) or supporting development of the colo

nies of the “friendly” species (pollinators).

Majority of bumblebee species exhibit a patrolling

behaviour. They fly around the nest tents of meters

away from it and mark prominent objects in their terri

tories (stones, leafs) with a pheromone secretion

(marking pheromone) from the cephalic part of the

labial gland [1 4]. The marked places attract con

specific virgin queens for mating [5]. The compo

sition of the secretion is species-specific [1]. Labial

gland of males contains mixture of

terpenoic and aliphatic compounds [2] where

2,3-dihydrofarnesol and ethyl dodecanoate are the

most abundant. This is different from for example

-

–

-

- -

-

– -

-

Bombus terrestris

In vitro

Bombus terrestris

Incubation of the Labial Gland

and Fat Body of the Bumblebee Males

with [1,2- C]acetate

and Analysis of the Metabolites

14
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Abstract

Labial glands and fat bodies of the bumblebee males species were

incubated in the medium with sodium [1,2- C]acetate and [1,2- C]acetate addition.

Metabolites of the acetate substrate were identified by means of localization of emi-

ssion from compounds containing C in their structure on thin layer chromatography

plates with non destructive position sensitive radio detector and comprehensive two

dimensional gas chromatography (GC×GC-MS). It was found that radioactive

[1,2- C]acetate incorporated into various kind of compounds such as terpenoids, fatty

acids, hydrocarbons and triacylgylcerols.
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For our purposes the ethanol was evaporated by argon

flow and the radioactive salt diluted in the same

amount of distilled water, so the specific activity

remained the same.

The final incubations were carried out in filtration

columns (Zymo-Spin IIN, USA) in a medium

which consisted of 1:1 mixture of Schneider s and

Minimum essential Medium Eagle (Lonza, USA),

20 mM HEPES (Sigma, USA), 1% BSA (Sigma,

USA), 5% sucrose (Sigma, USA), 20 mM concen

tration of non-active sodium [1,2- C]acetate in

a pH 6.9 for 16 hours. The incubation columns were

immersed in a water bath of temperature 35 C. The

medium was prefiltered through 0.22 m membranes

before use. Each tissue (fat body and cephalic part of

the labial gland) were incubated separately in

parallels. Incubation process was started by addition

of 5 of the water solution of sodium

[1,2- C]acetate of the specific activity .

There were also prepared incubations without the

radioactive acetate addition. These samples were used

for GC GC-MS analysis.

Incubation process was finished by separation of the

medium from the tissue by centrifugation (2000 g,

20 s for labial gland; 4000 g, 20 s for fat body).

Incubation medium was entrapped to a collection tube

and used for radioactivity measurement. The tissue

stayed on the filter in the filtration column was washed

by 300 of the incubation medium without

sodium acetate addition. The same centrifugation

parameters were used to remove the medium after

each of the washing procedures.

After that both types of the incubated tissues were

removed from the filtration columns and put to the vial

with 400 of chloroform. The vials were sank into

the liquid nitrogen until the contend frozen. After the

vials defrosted they were sonified in a water bath for

15 minutes. This procedure was repeated once again.

Each vial with the tissue and chloroform extract was

centrifuged for 3 minutes before the chloroform phase

was removed for next measurement.

For the extract radioactivity measurement 50 of the

extract was mixed with 5 m of the liquid scintilation

cocktail (Ultima Gold, PerkinElmer,USA) and the

equipment Tri-Carb 2900TR (PerkinElmer, USA)

was used.

2.3. Incubation conditions

2.4. Samples preparation for analysis

2.5. Liquid scintilator analysis

T

12

14

M

’

-

=

°

five

L

trice L

three

L

μ

μ

μ

μ

μ

3.7 kBq uL

L

L

–1

×

2.6. TLC analysis

2.7. GC/MS analysis

Thin layer chromatography separation of the compo-

nents of the extract was performed on TLC silica gel

plates (10×20 cm) 60 F254 with concentrating zone

(2.5 cm) (Merck, USA). There were three separation

lanes on one plate. The left side was used for sepa-

ration of the group of the compounds expected in the

tissue extracts. Extract of the gland incubated in

the medium with radioactive acetate was fractionized

in the middle part. Right side was used for separation

of the extracts made of the tissue incubated without

radioactivity. Volume of 75 or 100 of extract

was applied. Mobile phase composition was optima-

lised. The mobile phase used for sample made of labial

gland consisted of hexan:ethylacetate:formic acid

(70:30:1). For fat body samples a mobile phase of this

composition hexan:ethylacetate:formic acid

(90:10:1) was used. The middle part was analyzed by

means of the non-destructive detection of

C-distribution by position sensitive detector

(Raytest, model Rita star, USA); see Fig.1.

The bands on the right lane of the plates used for

GC-MS analysis were localized by means of the

positions of the same bands found by the radioactivity

distribution detector on the middle lane. Gaseous

iodine was used to determine the possible abnor-

malities in the chromatography separation for better

localization of the bands of the same compounds

among in all separation lanes on the plate. Iodine

evaporated from the plate within 1 hour. Then the

silica gel from the determined spot was removed from

the plate and extracted in the filtration column by

means of ether (2 × 150 ). Subsequently the ether

phase was removed using argon flow. Then 50 of

hexane and 1 of 1-bromodecane standard

(1.9 mg m ) were added. Spots containing fatty

acids (according standards) were methylated by

diazomethane and analyzed in a form of methyl esters.

μ μ

μ

μ

μ

L L

L

L

L

L

14

–1

Fig. .1 Schema of the visualization of the bands on the TLC plate

by the radioactivity detector.
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The solution was analyzed by means of the

comprehensive two dimensional gas chromatography

with mass detection (GC GC-MS) (Pegasus 4D from

LECO, Co. (USA)). This system consists of gas

chromatograph Agilent 6890N with split/splitless

injector and mass analyser Time Of Fly (TOF).

Separation parameters: plitless; constant He column

flow 1 m min ; inlet temperature 250 C injection

volume 1 modulation time: 4 s (hot pulse 0.5 s);

modulation temperature offset: 30 C. First dimension

column: length 30 m 250 m i.d. film thickness 0.25

m phase DB-5 (J & W Scientific, USA)

emperature gradient was applied: 50 C (1 min), then

1 C min to 320 C (1 min). Second dimension

column: length 1.86 m 100 film thickness

0.1 m, phase BPX-50 (SGE, Australia) emperature

gradient was applied: 60 C (1 min), then 10 C

to 330 C (1 min).

Biological aspect of this study the will not be dis-

cussed in this paper.

Analytical tools must have been chosen carefully and

modified fully with respect to the biochemical requi-

rements. Parameter which complicated the analysis

most was high concentration of the non-active

[1,2- C]sodium acetate in the incubation solution

which diluted the labeled acetate. This aspect greatly

influenced the sensitivity of the TLC radio-analysis.

This fact was connected with necessity to apply as

much of the extract as possible which led to over

dosing of the plates and deterioration in quality of the

chromatography and next identification.

×

s

L
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3. Results and Discussion

3.1. Analytical problems

3.2. Metabolites found in the fat body

3.3. Metabolites found in the labial gland

R

R

R

The radioanalysis showed four signals in the TLC

plate with fractionized fat body extract (Fig. 2). The

peak (1) belongs probably to the very polar organic

compounds like glycolipids, phospholipids and

others. These compounds are out of our interest

because there are not assumed to be straightly con-

nected with pheromone biosynthesis process. The

peak (2) belongs to the fatty acids analyzed as methyl-

esters. The most abundant in the extract were triacyl-

glycerols. They were identified by means of

standards. The peak 4 contains hydro

carbons.

Similarly to the chromatogram of the fractionized fat

body there were also four signals found in the labial

gland (Fig. 3). First peak likely belongs to the same

group of compounds as in the fat body. The peak (3)

presumably originate from two TLC bands whereas

higher contribution of the signal appertain to the band

with lover retardation factor ( = 0.51; area A in

Fig. 3). The GC×GC-MS analysis showed presence of

the 2,3-dihydrofarnesol and a little amount of hexa-

decanol (Fig. 4A). Whereas in the band with 0.55

hexadecanol, higher aliphatic alcohols and geranyl

citronellol were the most abundant. According the

retardation factors of the standards presence of the

fatty acids in the peak 4 0.60 was expected.

This part of the TLC was analysed after methylation

by diazomethane (Fig. 3 B). There were aliphatic

methylesters with various length of the carbon chain

found (Fig. 4B). The peak 4 clearly belongs to the

higher aliphatic and terpenoic (squalen) hydro

carbons.

tri-

acylglycerols ( ) -

=

-

( ), = ,

, area

( )

-

f

f

f

Fig. .2 TLC exposed to the concentrated sulphuric acid and visualization of the C containing compounds

in the fat body 1 polar lipids (?), 2 fatty acids, 3 triacylglycerols, 4 hydrocarbons.

14

: ( ) ( ) ( ) ( )
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Fig. .4 Two-dimensional chromatograms of the analysis from the two areas sampled from TLC of the

labial gland extract.

Fig. .3 TLC exposed to the concentrated sulphuric acid and visualization of the C containing compounds

in the labial gland; 1 polar lipids (?), 2 background, 3 terpenoic alcohols, 4 fatty acids, 5 hydro

carbons A, B areas with displayed 2D chromatogram in Fig. 4 from GC GC-MS analysis.

14

( ) ( ) ( ) ( ) ( ) -

, – ×

4. Conclusions

Compounds or group of compounds in the TLC areas

containing radioactivity were identified. It is highly

probable that certain percentage of these compounds

were synthesised during the incubation process from

acetate units.

These results suggest possibility of the de novo

biosynthesis of the main component of the marking

pheromone in labial gland.
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Abstract

During the last twenty years polymers became essential part in construction of bio-

sensors. Wide variety of accessible types with specific advantages and functions enabled

the enhancement in the field of biosensing. This article deals with the state of art in

polymers used for construction of nucleic acid biosensors within the last years.

The use of polymers as an interface material for trans-

ducers modification increased sharply in recent years.

Properties of the polymer-modified electrodes differ

from those of the unmodified ones. By using poly-

meric layers, fairly thick films containing more active

sites than a monolayer can be formed on the electrode.

Polymers in nucleic acid biosensors can provide

many different functions, they can act as biorecog-

nition element immobilization matrices, matrices for

selective analyte binding and preconcentration,

separation agents for analytes and interfering species,

agents for reducing background adsorption of proteins

or simply as electron transfer media. A large group of

polymers used as biosensors represent electroactive

polymers which are characterized by a response to

external potential stimuli. They are used as sensors,

actuators, highly sensitive membranes and energy

storage. Besides synthetic polymers, this group of

materials includes also natural polymers which offer

a certain degree of functionality not available in most

synthetic polymers. On the other hand, some appli-

cations are limited because of their special mechanical

properties and doping feasibility. E -

can be further divided in to electro conductive

polymers such as poly- -phenylene (PPP), poly-

phenylene sulphide (PPS), polythiophene (PT) poly-

aniline (PANI), and polypyrrole (PPY). The second

class of e are non-conductive

polymers (polyethyleneimine (PEI) and chitosan

(CHIT)) doped with electrochemically active ions.

The third class consist of polymeric redox mediators

of the electron transfer like poly(vinylferrocene) or

coordinating polymers like poly(4-vinylpyridine)

which contain groups that can coordinate to metal ions

and integrate them into the polymer matrix. Polymers

may also be utilized or further modified as -polymer

composites, polymer composites with nanomaterials

as polymer nanotube composite films or polymer

lectroactive poly

mers

lectroactive polymers

p

co

nanofibers, functionalized polymers or polymer-

-oligonucleotide (ODN) probes.

Most of the polymeric film properties and

functions depend on its preparation. The mostly used

methods are solvent casting, spin coating and electro-

polymerization. In solvent casting is a very simple

method approach unfortunately two disadvantages

have to be considered, uniformity of the polymeric

film and reproducibility of its preparation. This

method is usually used for the preparation of redox

active or non-conducting polymers [1] and coatings of

composites of nanomaterials with polymers [2].

Problems with uniformity and reproducibility can be

avoided using spin coating method this method was

successfully used for the preparation of the film of

poly(3,4-ethylenedioxythiophene) (PEDOT) doped

with poly(styrene sulfonic acid) (PSS) at the surface

of indium tin oxide electrodes [3] and for the prepara-

tion of immunosensor based on conjugated

poly(phenylene vinylene) derivative of defined thick-

ness [4]. Another method often used for the

preparation of conducting polymers, such as poly-

pyrrole, polyaniline, polythiophene, and their deriva-

tives is deposition by electropolymerization in the

electrolyte contained monomers. This method can be

used for the polymerization of compounds which

possess a relatively low anodic oxidation potential

and are susceptible to electrophilic substitution

reaction. The advantage of this method is that the rate

of film deposition can be controlled by varying the

potential of the working electrode in the system [5].

Functionalization of polymers to modify properties of

the polymeric film can be easily performed by two

methods. First, the functional groups are attached to

the monomers through covalent bonds and then

electropolymerization is provided. Disadvantage of

this method is loosing of polymer conductivity, steric

hindrance and cross-linking effects. Another often
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used method is an incorporation of dopand into the

polymeric network electrostatically during the

process of electropolymerization [6].

Next problem to be solved in nucleic acid bio-

sensors is the immobilization of

according to polymers. Polymer assisted immobi

lization of biomolecules, including s, is

widely reviewed [7]. N can be either

immobilized at the surface of polymer modified

electrode or can be incorporated in the polymer layer.

In the second case, the method of electropoly

merization is mostly used. Immobilization of DNA

onto polymer modified electrode surface where

can be attached to the polymer modified

electrode surface using several methods: simple

adsorption [8], covalent bonds [9] (first appropriate

functional groups are introduced to the polymer, then

DNA is covalently attached) or via affinity binding

(avidin-biotin). Immobilization of DNA within

a polymeric matrix by electropolymerization is

another, widely used method. Negatively charged

biomolecules, such as DNA and oligonucleotides, can

be advantageously employed as dopands of positively

charged polymeric structure [10]. The control of the

current density at galvanostatic method or potential at

potentiostatic method during the electropoly

merization process is very important to avoid the

loosing of bioactivity or decomposition of entrapped

biomolecules.

As to describe the state of art of using polymers in

construction of electrochemical bio

sensors the latest papers were chose . Polypyrroles

are group of polymers with excellent properties which

can be advantageously used in enzyme (transducing

the analytical signal generated by redox enzyme

reactions) as well as affinity biosensors (DNA bio

sensors, immunosensors). Polypyrrole are used as an

electrostatic adsorption matrix for immobilization of

DNA onto porous silicon substrate without using

covalent bonds [11]. Polypyrroles are reported as con

venient matrix for the immobilization of nano

materials at the surface of electrode [12]. In this case

the combination of unique properties of conducting

polymers in combination with those of nanomaterials

exhibits the synergic effect which positively affects

the stability, electron transfer and improved perfor

mance of final biosensors. Polypyrrole film possessed

the uniform surface for the immobilization of Au-Pt

hybrid nanoparticles [13].

Polyaniline is widely used for the preparation of

the electrochemical enzyme biosensors and immuno-

sensors [14]. However, several applications in DNA

biosensors can also be found. Polyaniline can be

prepared by electropolymerization using galvano-

static method, potentiostatic method leading to

nucleic acid

-

nucleic acid

ucleic acid

-

nucleic acid

-

nucleic acid -

n

-

s

-

-

-

a polymer adhered weakly at the electrode surface or

potential cycling which produces polymer well

adhered at the electrode surface [15].

Polythiophenes and their derivatives are also

widely used for the preparation of DNA biosensors.

The disadvantage of this polymers is in difficult

electropolymerization of polymers with functional

groups suitable for the immobilization of biomole-

cules (amino- or carboxylic groups) [16]. Electro-

polymerized poly(4-hydroxyphenyl thiophene-3-

-carboxylate) as cationic polymer was advanta-

geously used for the electrostatic binding of poly-

anionic ODN [17]. Moreover, interaction between

PEDOT and specific ODN was studied using

electrophoresis and spectroscopic methods [18]. It

was shown that together with non-specific electro-

static interactions specific hydrogen binding

interactions between polymer and methylated ODN

appeared and stable complexes were formed. PEDOT

was first prepared by electropolymerization at the

surface of glassy carbon electrode and then DNA

solution was spread over the polymer modified

electrode [19]. DNAwas available for the electrostatic

binding of Nile blue as redox indicator.

Quinone containing polymers, namely poly-

(5-hydroxy-1,4-naphtoquinone-co-5-hydroxy-3-

-thioacetic acid-1,4-naphtoqinone), known as

poly(JUG- -JUGA), are also popular for the

preparation of DNA biosensors. In contrast to

classical conducting polymers, such as polypyrrole or

polyaniline where signal transduction is performed

via redox process of the polymer exchanging anion, in

the case of poly(JUG- -JUGA) the signal is

transduced by quinine group in the polymer [20].

Electropolymerized polyquinone film was success-

fully derivatized with glutathione [21]. Glutathione

was used as a precursor for subsequent biomolecule

linkage via carboxylic groups.

Poly(vinylferrocene) is soluble polymer which can

be easily deposited at the surface of platinum [22] or

graphite working electrode [23] by its electro-

oxidation resulting in a less soluble polymer

poly(vinylferrocenium). Such electrode can be then

advantageously used for the immobilization of

negatively charged DNA. Low non-specific

immobilization of DNA on this polymer was reported

[23]. Electrochemical signal of such polymer can be

used for the detection of hybridization event [22].

Polyethyleneimine and chitosan are cationic

polymers with good biocompatibility and high

positive charge density which allows an easy

electrostatic DNA immobilization. Study of

interaction between DNAmolecule and polyethylene-

imine-copper(II) complexes showed that together

with electrostatic interaction, van der Waals

co

co
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interactions and hydrogen binding is also employed

probably due to the presence of multiple copper(II)

complex molecular units and free amine groups of the

polymer [24]. It was shown that the surface of

modified electrodes was homogeneous and electron

transfer was slower when polyethyleneimine formed

an external layer [25].

The range of polymers conducting, non-con-

ducting, doped or modified that can be used to prepare

nucleic acid biosensor is widening markedly. New

composites, -polymers are reported in order to

present their synergic effects.

co
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Silver amalgam electrodes offer wide range of appli

cation possibilities for determination of inorganic and

organic electrochemically reducible compounds

[1, 2]. Some new possibilities of this electrode

material used for construction of working electrodes

utilized in modern voltammetric and amperometric

methods are presented in this work.

A silver solid amalgam paste electrode combines

the advantages of silver solid amalgam electrodes

(mainly wide applicable potential window) and

carbon paste electrodes (easily renewable electrode

surface). The silver solid amalgam paste electrodes

can be easily prepared by mixing of silver amalgam

fine powder and a proper pasting liquid. Easily

renewable electrode surface eliminating the problem

of passivation, sufficiently wide potential window in

negative range of applied potentials and good signal

reproducibility and sensitivity are the main advan

tages of the electrode in modern voltammetry. Its

electrode properties were tested by voltammetric

methods using 4-nitrophenol as a model compound

[3].

Well known polished silver solid amalgam

electrodes (p-AgSAE) can be among others appli

cations used for amperometric detection in connection

with preliminary separation techniques. A common

“pen type” p-AgSAE in wall-jet arrangement and

specially prepared p-AgSAE for commercially

available thin-layer detector (BAS, USA) were used

for amperometric detection of nitrophenol mixture

after their separation using HPLC. It was found that

the thin-layer arrangement utilizing p-AgSAE offers

more stabile baseline signal, lower background

current and higher value of signal/noise ratio than

wall-jet arrangement [4].

Newly developed working electrodes based on

single crystal of the silver amalgam were prepared and

-

-

-

used for voltammetric and amperometric detection.

Prepared microcylindrical electrodes were used for

voltammetric determination of 4-nitrophenol and

could be used in microvolume analysis. Single crystal

silver amalgam was also successfully used for

construction of cylindrical flow cell utilized in

amperometric detection of nitrophenol mixture.

However, the single crystal silver amalgam electrodes

are fragile and they have relatively short lifetime. On

the other hand, they offer potential window compa-

rable with hanging mercury drop electrode, good

reproducibility and high sensitivity in voltammetry

and also low background current in amperometry in

comparison with the solid amalgam electrodes.

There is no doubt that the mercury electrodes are

the best sensors for detection of reducible compounds

but the “non-toxic” silver amalgam electrodes became

their suitable alternatives in voltammetry and offer

numerous application possibilities in amperometry.
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Abstract

Optimal conditions have been found for the determination of 2-amino-6-nitrobenzothi-

azole using direct current voltammetry and differential pulse voltammetry at a

in the concentration range 1×10 to 1×10 mol L and at

in the concentration range

1×10 to 1×10 mol L

polished

silver solid amalgam electrode

a mercury meniscus modified silver solid amalgam electrode

.

–6 –4 –1

–7 –4 –1

1. Introduction

2-Amino-6-nitrobenzothiazole (ANBT, see Fig. 1) is

frequntly used as a base in dyes production by

diazotation [1]. Colours of thus prepared dyes are

mainly red and violet [2]. This substance is a chromo

phore for the photoconductive measurements [3] and

it is used as a high glass transition chromophore in

nonlinear optical applications [4]. In the past, the

polarographic and voltammetric behavior of ANBT

has been investigated using polarography, oscillo

polarography [5], cyclic voltammetry and coulo

metric techniques [6] at mercury electrodes. The first

wave/peak of its electrochemical reduction corres

ponded to a -electron reduction of nitro group to

the hydroxyamino group and the second wave/peak

to the reduction of hydroxyamino group to amino

group involving -electron electrode reaction [6].

-

-

-

-

four

two

It is obvious that mercury is the best electrode

material for these determinations. However, because

of fears of mercury toxicity, there is a tendency to

substitute mercury with other non-toxic materials.

Therefore, we pay attention to practically non-toxic

polished silver solid amalgam electrode (p-AgSAE)

and mercury meniscus modified silver solid amalgam

electrode (m-AgSAE), which have a good mechanical

stability, simple handling and regeneration including

an electrochemical pre-treatment of its surface [7].

These electrodes were found suitable for the

determination of submicromolar concentrations of

selected nitrated polycyclic aromates, which are

typical representatives of polarographically active

environmental carcinogens [8].

2. Experimental

2.1. Reagents

2.2 Apparatus

2-Amino-6-nitrobenzothiazole ( CAS Registry

number: 6285-57-0) was supplied by Sigma Aldrich.

A stock solution 1 10 mol was prepared by

dissolving an exactly weighed amount of the sub

stance in methanol. Diluted solutions were prepared

by exact dilution of the stock solution with methanol.

The solutions were stored in refrigerator. The diluted

solutions were prepared fresh every day. Britton-

Robinson (BR) buffer solutions were prepared in a

usual way by mixing a 0.04 mol solution of

phosphoric acid, acetic acid and boric acid with an

appropriate amount of 0.2 mol sodium hydroxide

(all of analytical-reagent grade, all obtained from

Merck). Deionized water was produced by Milli-

Qplus system, Millipore.

≥97%,

of × L

-

-

L

L

-

– –1

–1

–1

3

.

Voltammetric measurements were carried out using

an Eco-Tribo Polarograph driven by Polar Pro 2.0

software (both Polaro-Sensors, Prague, Czech

Republic). The software worked under the operational

system Microsoft Windows 98 Plus (Microsoft

Corporation). All measurements were carried out in a

three-electrode system using platinum electrode PPE

(Monokrystaly, Turnov, Czech Republic) as an

S

N

NH2

NO2

Fig. 1. Structural formula of 2-amino-6-nitrobenzothiazole
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auxiliary electrode and silver/silver chloride electrode

RAE 113 (3 mol KCl, Monokrystaly, Turnov,

Czech Republic) as a reference electrode. A polished

silver solid amalgam electrode (p-AgSAE) and

a mercury meniscus modified silver solid amalgam

electrode (m-AgSAE) were used as working electro

des. The preparation pencil electrodes is simple [9]

and working dimensions are in square micrometers

range. Scan rate, 20 mV s , was used for both direct

current voltammetry (DCV) and differential pulse

voltammetry (DPV), pulse amplitude, 50 mV, and

pulse width, 100 ms, were used for DPV.

For voltammetric measurements, an appropriate

amount ofANBT stock solution in methanol was mea

sured into a voltammetric vessel, methanol was added

to a total volume of 1.0 m and filled up to 10.0 m

with BR-buffer of appropriate pH. Oxygen was

removed from the measured solutions by bubbling

with nitrogen for five minutes. All curves were

measured 3 times.

and

was about 50 to 100 mV more

negative than the potential of the anodic dissolution of

the electrode, was about

50 to 100 mV more positive than the potential of the

hydrogen evolution in the given supporting electro

lyte.

The parameters of calibration curves (e.g., slope,

intercept, limit of determination) were calculated

using statistic softwareAdstat, which used confidence

bands ( = 0.05) for calculation of the limit of determi

nation (L Q). It corresponds to the lowest signal for

what relative standard deviation is equal 0.1 [10].

The influence of pH on voltammetric behavior of

ANBT was investigated in a BR buffer methanol (9:1)

media in the range of pH 2.0 12.0. It can be seen

from Fig. 2 thatANBT gives one well-developed peak

at pH 2.0 5.0, the second peak can be observed at

-

-

L L

m-AgSAE was

prepared by the modification of p-AgSAE by dipping

on 15 s to the mercury. Before starting the work, as

well as in the case of electrode passivation, the

electrochemical activation of electrodes was carried

out in 0.2 mol KCl at –2200 mV under stirring of

the solution for 300 seconds followed by rinsing with

distilled water. The regeneration was carried out by

periodical switching every 0.1 s between regeneration

potentials ( ) during 30 seconds. First

regeneration potential

second regeneration potenial

-

Regeneration always ended at a more negative

potential.

-

O

:

= –

= –

L

–

L

–1

–1

–1

2.3 Procedures

E E

.

At the beginning, p-AgSAE was polished on the

alumina with particle size 1.1 μm. The

α

1, reg 2, reg

3. Results and Discussion
Fig. .4 DP voltammograms of 2-amino-6-nitrobenzothiazole at

-AgSAE in the BR-buffer pH .0 methanol (9:1) medium

; regeneration potentials, = 00 mV, =

00 mV; polarization rate, 20 mV s ; the corresponding

calibration straight line is given in the inset

p ( = 4 ):

L – 2

= 6

.

concentrations measured: 0 (1), 20 (2), 40 (3), 60 (4), 80 (5) and

100 (6) μmol –1

–

E E1, reg 2, reg

1

Fig. .3 DP voltammograms of 2-amino-6-nitrobenzothiazole

( = ×10 mol L ) at -AgSAE in the BR-buffer pH

10.0 methanol (9:1) medium (dotted line is the basic electro

lyte); regeneration potentials, = 400 mV, = 900 mV;

polarization rate, 20 mV s ; the corresponding calibration straight

line is given in the inset.

c

E E

(2–10) m ( =

= ): -

–

– –1

1, reg 2, reg

1

7

–

Fig. 2. DP voltammograms of 2-amino-6-nitrobenzothiazole

( = 1×10 mol L ) at p-AgSAE in the BR-buffer:methanol (9:1)

medium; the BR-buffer pH: 2.0 (1), 3.0 (2) 4.0 (3), 5.0 (4), 6.0 (5),

7.0 (6), 8.0 (7), 9.0 (8), 10.0 (9), 11.0 (10), 12.0 (11); polarization

rate, 20 mV s .

c –4 –1

–1
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more negative potentials. The peak potentials are

shifted towards negative values with increasing pH

which can be explained by a preceding protonation of

nitro group inANBT. This trend was observed on both

electrodes using both DCV and DPV.

The best developed peak was obtained in BR-buf

fer (pH = 10) methanol (9:1) medium. This pH was

further used for measuring the calibration curves

(Fig. 3). For the sake of comparison, conditions

representing acid medium, BR-buffer of pH 3.0 (for

DPV) and 4.0 (for DCV) ( Fig. 4) were tested as

well for both electrodes used. Parameters of calibra

tion curves are summarized in Table 1.

The limits of determination attained using DCV or

DPV at the p-AgSAE were higher in comparison with

values attained at m-AgSAE. The same holds for

intercepts of corresponding calibration straight lines.

It has been shown that modern voltammetric methods

at amalgam electrodes can be used for the determi

nation of submicromolar concentrations of 2-amino-

6-nitrobenzothiazole. calibration range were

(2 10)×10 mol for DCV and DPV at p-AgSAE,

and DCV at m-AgSAE (BR-buffer (pH = 10.0): meth-

anol (9:1) medium used), and (2 10)×10 mol for

DCV and DPV at m-AgSAE.

-

:

see

-

-

- Lowest

– L

4. Conclusions

– –

– –1

6

7

1

– L
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Table 1

Parameters of the calibration straight lines for the determination of 2-amino-6-nitrobenzothiazole measured in

the lowest attainable concentration ranges

DCV pH 4 (2 10)×10 1.21 13.1 0.9987 3.2×10

p-AgSAE
DPV pH 3 (2 10)×10 1.25 1.5 0.9961 2.6×10

DCV pH 10 (2 10)×10 2.85 16.3 0.9918 3.1×10

DPV pH 10 (2 10)×10 1.38 11.6 0.9957 2.2×10

DCV pH 4 (2 10)×10 1.42 0.1 0.9880 6.8×10

m-AgSAE
DPV pH 3 (2 10)×10 1.58 0.3 0.9932 4.5×10

DCV pH 10 (2 10)×10 6.25 0.4 0.9895 2.7×10

DPV pH 10 (2 10)×10 2.51 0.4 0.9944 3.9×10

= – –

=

=

=

=

=

=

=

–6 –6

–6 –6
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Abstract

Among many different kinds of electrode surface modification procedures, the surface

coating by vaporized mediator solution is still used as a simple and effective method for

preparation of sensing electrode. Surface of glassy carbon (GC) is often used as a sup-

porting collector, but it requires polishing, rinsing and sonication prior to mediator

deposition. In this paper, we present common methods of modification of highly oriented

pyrolytic graphite (HOPG) and GC surface, respectively, from the point of surface

nanomorphology investigated by atomic force microscopy.

1. Introduction

One of the simplest ways of electrode modification is

the evaporation mediator solution drop. Glassy

carbon (GC) represents relatively inert and mechani-

cally resistant material which can be cleaned by

polishing. The preparation of GC electrode mounted

in Teflon includes polishing with emery paper and

alumina, respectively, followed by ultrasonic cleaning

in purified water before each experiment.

There are two, most frequent methods of surface

modification:

1) Placing drop of solution containing studied

compound on the GC surface [1]. Next step

includes drying in air [2, 3], using infrared lamp

[4, 5] or oven [6, 7].

2) Electrodeposition from solution containing

studied compound and the electrolyte. The

deposition is carried out by applying repetitive

potential sweeps at certain rate in specific potential

range [8].

Scanning probe microscopy (SPM) techniques are

successfully employed to characterize the structure of

electrode surfaces [9]. In contrary to atomically flat

single crystal planes, glassy carbon has rough and

ill-defined surface.

We employed an atomic force microscopy (AFM)

to characterize morphology changes upon modifi-

cation of GC and basal plane of highly oriented

pyrolytic graphite (HOPG) electrodes, respectively.

Electrochemical properties of modified surfaces and

the ability to detect L-cysteine hydrochloride were

investigated.

2. Experimental

2.1. Reagents

o

c

Cobalt tetraneopentoxy phthalocyanine (CoTNPc)

(Fig. 1) was synthesized in the laboratory of Tohoku

University, Japan, by Kobayashi's group. Tetrabutyl-

ammonium perchlorate (Bu NClO , electrochemical

grade, 98%, Fluka) and nonaqueous solvent

1,2-dichloro-benzene ( -DCB, 99%, Aldrich) were

used as received.

The stock solution ( = 1×10 mol L ) of

L-cysteine hydrochloride (p.a., Lachema) was

prepared by dissolving the exact amount of the

substance in borate buffer pH = 10. The solution was

prepared fresh before every measurement.

All chemicals used for borate buffer preparation

were of analytical grade purity and obtained by

Lachema.

4 4

–2 –1

Purified water (Milli-Q system Gradient,

Millipore, resistivity 18.2 MΩcm) was used for

Co

N

N

NN

N

N

N

N

OCH2C(CH3)3

OCH2C(CH3)3

(H3C)3CH2CO

(H3C)3CH2CO

Fig. .1 Structure of cobalt tertaneopentoxy phthalocyanine.
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preparation of aqueous electrolytes.Deionized water

(Milipore) was used throughout.

Glasy carbon (Union Carbide) electrodes were prepa-

red by polishing with diamond paste (Winter diaplast)

on microcloth. The polished GC was sonicated in

nanopure water for 5 min. One drop of 1×10 mol L

CoTNPc solution in -DCB was placed on the

electrode and dried at room temperature. Basal plane

pf highly oriented pyrolytic graphite (HOPG)

12×12×2 mm (SPI Supplies, USA) was pealed off

with an adhesive tape before each experiment. The

fresh surface of HOPG was treated by two ways:

1) One drop of 1 CoTNPc in -DCB

was placed on HOPG and dried at room

temperature.

2) Cyclic voltammetry of CoTNPc in

-DCB with 0.1 was performed

on the electrode at scan rate 100 mV s .

The voltammetric measurements were carried out

with the potentiostat/galvanostat Wenking POS 2

(Bank Elektronik, Germany) controlled by the CPC-

DA software (Bank Elektronik, Germany). A three-

-electrode system with saturated calomel reference

electrode (SCE), optional silver wire (Ag) as a quasi-

reference electrode and platinum wire auxiliary

electrode were used for all measurements. All

experiments were performed at room temperature in

solution deoxygenated by bubbling with argon for

five minutes. Stock solutions were kept in glass

vessels in dark at laboratory temperature. The voltam-

metric measurements were carried out at scan rate

10 mV s . The pH values were measured using pH

meter (Jenway 4330, UK).

Surface topography was characterized by AFM

(Multimode Nanoscope IIIa, Veeco, USA) in tapping

and contact mode, respectively. The electrode surface

was analysed by Nanoscope III Particle and Bearing

Analysis Software (Nanoscope Reference Manual,

version 5.12r5). The Si cantilever was oscillated at ca.

300 kHz. The surface imaging was performed with the

rate 0.5 and 1.0 Hz, respectively. Images presented

here are representatives of all images taken at different

locations on each sample.

2.2. Electrode Preparation and Electrochemical

Measurements

o

o

o

2.3. AFM Conditions

–3 –1

1×10 mol L

1×10 mol L

mol L Bu NClO

–3 –1

–3 –1

–1

4 4

–1

–1

3. Results and Discussion

The influence of above mentioned procedure steps

was examined by acquiring surface topography.

Comparing surface images acquired without and with

sonication step allowed to resolve residua of diamond

paste. Figure 2 shows 10 × 10 μm topographic image

of GC surface after polishing and rinsing with water

(Fig. 2a, 2b) and after polishing and sonication in

water (Fig. 2c, 2d), respectively. The electrode surface

after simple washing is still covered by diamond poli-

shing media, although the polishing suspension is

declared as water and alcohol soluble. We have found

however, that just sonication brings satisfactory

results.

We have also employed rinsing with methanol

after sonication as described [2, 4] but we have found

that this step brings additional surface contamination

by solvent impurity residua.

When the GC surface was covered by thin layer

-DCB and air dried for 12 hours, we were not able to

acquire AFM images in tapping mode due to presence

of thin layer solvent even after 20 hours of drying. We

have employed dynamic force analysis in contact

mode for determination the magnitude of deflection

hysteresis. Figure 3 shows low values of adhesive

force measured on freshly prepared clean surface of

GC, while high values were found for surface where

drop of -DCB was deposited and dried for 12 hours.

Adhesion (capillary) forces indicated residual solvent

layer. The sonication in water was found to be the best

way also to eliminate the residual layer of solvent.

Further, phthalocyanine CoTNPc was used as

a model compound for modification of electrode sur-

face. AFM measurements have revealed that drop

deposition of CoTNPc solution in -DCB (Fig. 4a

forms irregular clusters with variable height (Fig. 4b)

in contrast with electrodeposition, which can create

compact layer of CoTNPc up to 25 nm thick (Fig. 4d).

This observation indicates that electrodeposition

exhibits progressive stacking and nucleation (Fig. 4c).

In case of drop deposition less compact surface were

formed.

To find how preparation procedure influences

electrode processes we employed detection of model

analyte, L-cysteine hydrochloride, by CoTNPc-

-modified electrode. The difference between cyclic

voltammograms acquired on the electrode prepared

by electrodeposition and by drop deposition respec-

tively is illustrated in Fig. 5. Electrodeposition formed

o

o

o
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Fig. 2. AFM characterization of GC surface roughness: (A) Topographic ( scale = 200 nm) image 10×10 μm 3D and (B) top

view after polishing with diamond paste and rinsing with water. (C) Three dimensional topography and

(D) top view image after polishing with diamond paste and sonication in water.
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Fig. 3. Dynamic force versus distance curves (A) before and (B) after drop of -dichlorobenzene was placed on GC surface and

dried for 12 hours.
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Fig. 5. Cyclic voltammograms of 0.01 mol L L-cysteine hydrochloride in borate buffer pH = 10. Concentration of cysteine

hydrochloride (1) 0.0 mol , (2) 8.3×10 mol 3) 1.5×10 mol 4), 2.1×10 mol . Working electrode: (A) HOPG

surface after modification by drop of 1 CoTNPc dissolved in -DCB and dried in air; (B) after cyclic voltammetry in

1 CoTNPc and 0.1 Bu NClO dissolved in -DCB and dried. Reference electrode SCE, scan rate 10 mV s .
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Fig. 4. TM-AFM images of 5×5 μm HOPG surface: (A) after modification by drop of 1 CoTNPc dissolved in

-DCB and dried in air, (B) corresponding line analysis; (C) after cyclic voltammetry in 1 CoTNPc and 0.1

dissolved in -DCB and dried, (D) corresponding line analysis.
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more compact surface than drop deposition and peaks

corresponding to L-cysteine reaction with

Co(II)TNPc are lower. It can be explained by lower

roughness of the mediator surface where lower

amount of CoTNPc mediator is in contact with analyte

solution.

We have shown that AFM can provide valuable

information on the surface nanomorphology changes

after various treatment procedures. For GC electro-

des,AFM indicated that after polishing and rinsing the

surface is covered by abrasive particles from grinding

media. Also, AFM dynamic force curve shows that

-DCB layer will not evaporate from the GC surface

even after 24 hours. Our experiments have also shown

that the best way for elimination of polishing particles

and solvent residua is sonication in water. This dis-

advantage does not exist at HOPG which surface can

be perfectly cleaned just by peeling off top layers

using adhesive tape.

The HOPG electrode modification by electro-

deposition from nonaqueous media opens pathways

for preparation of thin layers of mediator. In compa-

rison with modification by solution spreading and

drying, electrodeposition creates more uniform layer.

Unfortunately, this layer indicates lower sensitivity to

L-cysteine hydrochloride than layer prepared by drop

deposition.

4. Conclusion

o
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Abstract

Resveratrol is one of the numerous polyphenolic compounds found in several vegetal

sources. In recent years, the interest in this molecule has increased exponentially

following the major findings that resveratrol was shown to be chemopreventive,

cardioprotective, antioxidative, phytoestrogenic, anti-inflammative, neuroprotective

and to have anti-aging properties. The anodic voltammetric behavior of -resveratrol

was studied using differential pulse voltammetry and cyclic voltammetry. The oxidation

of -resveratrol was found to be controlled by diffusion and to be irreversible.

Optimum conditions involved BR buffer pH 2 and methanol (1:1) supporting electro

lyte. Both isomers of resveratrol were analyzed by HPLC with spectrophotometric

(306 and 286 nm) and electrochemical ( = +1.2 V) detection. The HPLC method was

applied for the determination of resveratrol in seeds of common and tartary buckwheat.

trans

trans

= -

E

1. Introduction

As a chemical entity, resveratrol (3,5,4´-trihydroxy

stilbene) is known since 1940 when it was first iso

lated from the roots of white hellebore (

) and later from ,

a medical plant [1]. Resveratrol belongs to the group

of polyphenolic phytoalexins which are produced by

plants in response to exogenous stimuli like UV light,

ozone exposition, mechanical damage or fungal infec

tion [2]. Resveratrol, as a member of stilbene family,

exists in two isomeric forms -resveratrol and

-resveratrol (Fig. 1). The -isomer is the more

stable form, to isomerisation is facilitated by

UV light and high pH, the to conversion is

facilitated by visible light, high temperature, or low

pH. Both isomers can be present in variable amounts

-

-

-

Varatrum

grandiflorum Polygonum cupsidatum

trans

cis trans

trans cis

cis trans

in plants, but amount of -resveratrol usually pre

dominates [3]. Numerous animal studies have demon

strated that this polyphenol holds promise against

numerous age-associated diseases including cancer,

diabetes, Alzheimer, cardiovascular and pulmonary

disease [4, 5]. Other beneficial health effects such as

antioxidative, neuroprotective, phytoestrogenic and

anti-inflammative have also been reported [6, 7].

Determination of resveratrol is mainly done by HPLC

with UV/VIS [8], MS [9] and electrochemical

detection [10], by GC/MS [11] or electrophoresis

[12]. Resveratrol was identified in buckwheat among

several other flavonoids [13]. The aim of this work

was to develop voltammetric (DPV, CV) and HPLC

determination with spectrophotometric detection and

amperometric detection on carbon paste electrode

(CPE) of trace amounts of -resveratrol and

-resveratrol and to apply this methods for the

determination of trans-resveratrol in real samples of

buckwheat. C are very useful

electrochemical sensors for the determination of

organic compounds that can be anodically oxidized

[14 17]. present less expensive, comparatively

sensitive and more selective alternative to spectro

photometric detection.

For the voltammetric measurements, a computerized

voltammetric analyzer Eco-Tribo Polarograph with

trans

trans

cis

2.1. Instruments

-

-

arbon paste electrodes

– They

-

2. Experimental

OH

OH

OH

OH

OH

OH

A

B

Fig. .1 Structure of -resveratrol (A) and -resveratrol (B)trans cis
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software PolarPro 4.0 (all Polaro Sensors, Czech

Republic) was used. The voltammetric parameters

used: scan rate 20 mV s for differential pulse voltam

metry and 100 mV s for cyclic voltammetry, for

pulse techniques the pulse amplitude of 50 mV. The

surface of the working carbon paste electrode (2 mm

in diameter) was renewed mechanically by protruding

the piston and smoothing the surface with a piece of

wet filter paper. The reference electrode and auxiliary

electrode were the same as in chromatographic

method. The mixture of Britton-Robinson (BR)

buffe methanol 1:1 v/v) was used as the supporting

electrolyte in batch voltammetric methods. The HPLC

system consisted of high-pressure piston pump HPP

5001 (Laboratorní přístroje Praha, Czech Republic),

injection valve D with 20- sample loop (Ecom,

Czech Republic), spectrophotometric detector Sapp

hire 800 UV/VIS (Ecom, Czech Republic),

electrochemical detector CHI 802B (CH Instruments

Electrochemical Analysis, USA) with three-electrode

system consisting of reference silver/silver chloride

electrode RAE 113 (Monokrystaly, Czech Republic)

filled with 3 M KCl, working CPE (3 mm in diameter)

and platinum wire auxiliary electrode. Column

Kromasil C-18 (7 m), 125 × 4 mm (Prochrome,

India) and precolumn Gemini C-18, 4 × 3 mm (Pheno

menex, USA) were used. The amperometric detector,

employing electrochemical (wall-jet) oxidation of

phenolic hydroxy groups, was placed behind the

UV/VIS detector operating at 306 nm ( -res

veratrol) or 286 nm ( -resveratrol). The system was

operated by Clarity 2.3.0 programme (DataApex,

Czech Republic) and CHI 6.26 programme (CH

Instruments, USA) working in the Windows XP

system (Microsoft). The mobile phase was aceto

nitrile and BR buffer, 10 times diluted by deionized

water (50:50 and 30:70 v/v), the flow rate was

1 m min . For preparation of the concentrated

ethanolic samples of buckwheat seeds a vacuum

evaporator Buchi B-480, R-114 (Switzerland) was

used. All experiments were carried out at a laboratory

temperature.

-resveratrol was purchased from Sigma-Aldrich

(USA). Its stock solution (1×10 mol ) was pre

pared by dissolving the accurately weighed amount of

the substance in p.a. methanol (Lach-Ner, Czech

Republic) and stored away from daylight at 4 °C until

used. Stock solution of -resveratrol was prepared

from the solution ( ) of -resveratrol

by UV-irradiation on daylight for 48 hours (85%

conversion). Britton-Robinson (BR) buffers were

–

–

– 1

4

1

1

3

-

r:

L

-

-

-

-

L

L -

–

–

– –1

1

( ,

L

μ

μ

trans

cis

2.2. Materials

Trans

cis

trans1×10 mol

prepared in a usual way, by mixing 0.04 mol

phosphoric acid, 0.04 mol acetic acid and

0.04 mol boric acid with an appropriate amount of

0.2 mol sodium hydroxide. The amounts of

resveratrol were determined in six varieties of

common buckwheat and two varieties of tartary

buckwheat. All samples were supplied by Crop

Research Institute, Department of Gene Bank (Drnov

ská 507, Prague 6-Ruzyně, Czech Republic). All the

chemicals used were of analytical reagent grade

(Lachema, Czech Republic). The mobile phase for

HPLC contained acetonitrile for HPLC (Merck,

Germany) and aqueous BR buffer diluted 10 times.

Carbon paste contained 250 mg of spherical

microparticles of glassy carbon with a diameter

0.4 12 m (Alpha Aesar, USA) and 90 of mineral

oil (Fluka Biochemica, Switzerland). All aqueous

solutions were prepared using deionized water

obtained from a MilliQ Plus system (Millipore,

France).

At first, the influence of pH of the supporting

electrolyte on the voltammetric behavior (DPV, CV)

of -resveratrol was investigated. The effect of pH

on peak current is summarized in Fig. 2. Figure 2

shows the shift of peak potential to less positive values

with increasing pH thus reflecting the easier oxidation

of the hydroxy group in more alkaline medium.As the

optimum for measuring the anodic -resveratrol

calibration dependence the medium of BR pH 2

and methanol (1:1) was chosen. The calibration

L

-

-

– L

( = )

–1

L

L

L

–1

–1

–1 tr

3.1. Voltammetric study

trans

trans

ans

-

μ μ

3. Results and Discussion
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Fig. .2 DP voltammograms 1 10 mol -resveratrol in

BR buffer pH 2 12 methanol (1:1). The curve num

bers correspond to pH of BR buffer before mixing with methanol

(SE supporting electrolyte: BR buffer pH 2 with methanol).
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curves were measured in the concentration range from

6 10 to 1 10 mol (Fig. 3, Table 1). The

possibility of increasing the sensitivity of the determi

nation by adsorptive accumulation of the analyte on

the surface of CPE was investigated. The influence

of accumulation potential on the peak current of

8 10 mol -resveratrol was measured in the

range from 0 to 0.4 V, with accumulation time from

60 s to 10 min in BR buffer (pH 2, 7, 10 and 12),

always in a mixture with methanol (95:5). The effect

of the analyte accumulation was not significant.

Cyclic voltammetry was used to investigate rever

sibility of the -resveratrol reaction on CPE.

Electrochemical oxidation was studied in BR buffer

pH 2 methanol 1:1 . Cyclic voltammograms

were measured with scan rates 2 1000 mV s (Fig. 4).

It follows from the results that the oxidation is irrever

sible under the given condition and is controlled by

diffusion.

× × L

-

– – –7 4 1

1

× L

.0

=

-

( = ): ( , v/v)

–

-

–6 –

–

1 trans

trans

3.2. HPLC study

Trans

trans- cis-

trans- cis-

-resveratrol isomerizes to cis-resveratrol, when

exposed to UV radiation, including the daylight. If we

want to determine both isomers in matrices, where for

its determination it is not possible to use the batch

voltammetric methods without preceding separation

step, HPLC with spectrophotometric or amperometric

detection is one of the possibilities. The mobile phase

containing BR buffer and methanol in ratio 1:1

allowed us to separate and resveratrol in

4.5 min. Optimum pH was determined from the hyd

rodynamic voltammograms (Fig. 5) from pH values

compatible with the used column because the separa

tion of resveratrol and resveratrol was found

to be practically independent of the pH of the mobile

phase within pH 3 to 7. The calibration curves were

measured in the concentration range of 4 10 to

1 10 mol (Table 1). The HPLC method was

-

-

×
–8

× L
–4 –1

R

×

esveratrol Method Optimal conditions

mol L

DPV BR buffer (pH = 2):methanol mixture (1:1) 8.9 10

CV 9.7 10

HPLC-UV/VIS BR buffer (pH = 7):acetonitrile mixture (1:1), 3.2 10

HPLC-ED BR buffer (pH = 7):acetonitrile mixture (1:1), 3.5 10

= 1 mL min , injected 20 , = +1.2 V

HPLC-UV/VIS BR buffer (pH = 7):acetonitrile mixture (1:1), 6.5 10

= 1 mL min , injected 20 , = 286 nm

= 1 mL min , injected 20 , = +1.2 V

LOD

F E

F

F E

–1

–7

–7

–8

–

–8

–

–8

–

–8

–

BR buffer (pH = 2):methanol mixture (1:1)

= 1 mL min , injected 20 , = 306 nm

HPLC-ED BR buffer (pH = 7):acetonitrile mixture (1:1), 1.8 10

×

×

L

×

L

×

L

×

L
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Table 1

Parameters of the calibration lines of -resveratrol and -resveratrol using CPE.trans cis
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applied for the determination of resveratrol in samples

of seeds of common and tartary buckwheat. Optimum

condition for separation of and resveratrol

in real samples were BR buffer pH

7 acetonitrile 70:30 . -resveratrol was

detec ted and determined in all real samples, but

-resveratrol was not found in any sample. The

content of resveratrol was 3.43 3.50 mg kg

of seed of tartary buckwheat and 0.98 1.68 mg kg of

seeds of common buckwheat (Fig. 6).

We have developed voltammetric (DPV, CV) and

HPLC determination with spectrophotometric

detection and amperometric detection on carbon paste

electrode for the determination of trace amounts of

-resveratrol and -resveratrol and successfully

trans- cis-

Trans

cis

trans-

trans cis

mixture ( =

= ):

-

–

–

( , v/v)

–

–

1

1

4. Conclusions

applied the HPLC method for the determination of

-resveratrol in real samples of buckwheat.trans
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Abstract

A differential pulse voltammetric method for the determination of the herbicides Aclo-

nifen and Fluorodifen at a silver solid amalgam electrode is developed. A mixture of

Britton-Robinson buffer and methanol is used as the supporting electrolyte. The optimal

conditions for the determination are investigated. The optimum pH for the determination

of Aclonifen is found to be 12, the calibration dependency is linear in the concentration

range 1×10 –1×10 mol L and the detection limit achieved is 2×10 mol L . The

optimum pH for the determination of Fluorodifen is 6 and the calibration dependence is

linear in the concentration range 1×10 –1×10 mol L .

–4 –7 –1 –7 –1

–4 –6 –1

1. Introduction

Diphenylether herbicides (DPhEH) are an important

group of agrochemicals used worldwide for the

protection of important crops. It has been discovered

that they pose a high risk to aquatic life. Moreover,

some studies hint that they can have varied adverse

effects on mammals, including teratogenesis [1],

mutagenesis, cancerogenesis, interference with horm-

onal balance [1] and adverse effects on blood

formation [2]. Considering these facts the need arises

for the ability to track such substances in the

environment. Although appropriate methods for the

determination of DPhEH in the environment already

exist, it still makes sense to develop new voltammetric

methods. This is because substances of our interest do

exhibit electrochemical activity [3] and electro-

chemical methods are convenient in many ways.

Namely their cheapness, the ease with which they are

performed and low detection limits [4]. Silver solid

amalgam electrodes (AgSAE) are particularly suit-

able for the determination of many important electro-

chemically active compounds in trace amounts [5].

This contribution will focus on the development of

similar techniques for the determination of the herbi-

cides Aclonifen (AC) and Fluorodifen (FD). In this

work we follow up with our work on the voltammetric

determination of other DPhEH on AgSAE. [6]. Our

goal in this work is to develop sensitive and reliable

methods for the determination of AC and FD at

m-AgSAE by finding the optimal conditions for the

determination and testing the reliability of the method.

2. Materials and Methods

Aclonifen (2-Chloro-6-nitro-3-phenoxyaniline,

99.8%) was purchased from Sigma-Aldrich,

Germany. The stock solution of AC ( =

= 1×10 mol L ) has been prepared by dissolving

0 02648 g of AC in 100 mL of methanol. Solutions of

lower concentrations were prepared by precise

diluting of the stock solution with methanol.

Fluorodifen (2-Nitro-1-(4-nitrophenoxy)-4-(tri-

fluoromethyl)benzene, 99.6 %) was purchased from

Sigma-Aldrich, Germany. The stock solution of FD

( = 1 ) has been prepared by dissolving

0 03290 g of FD in 100 mL of methanol. Solutions of

lower concentrations were prepared by precise

diluting of the stock solution with methanol.

All the stock solutions were kept in the

refridgerator. The stability of stock solutions was

checked by UV-VIS spectrophotometric measure-

ments. The stock solutions were stable for the duration

of the experiments under the conditions in which they

were kept. Other used chemicals: boric acid, acetic

acid (99%), phosphoric acid (85%), sodium

hydroxide, potassium chloride all substances p.a.,

Lachema Brno, Czech Republic. Methanol p.a.

Merck, Germany was used. Britton-Robinson buffers

of the desired pH were prepared by mixing of

0.2 NaOH with a solution containing

0 04 boric acid, phosphoric acid and acetic

acid. Measurements of pH were performed on

a Jenway 3510 (Jenway, Great Britain) pH-meter with

a combined glass membrane electrode (type 924 005)

c

c

–3 –1

.

×10 mol L

mol L

mol L

–3 –1

–1

–1

.

.
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The electrode was calibrated by standard buffer

solutions in water. Deionized water (Millipore, USA)

was used as a solvent.

Eco-Tribo Polarograf (Polaro-Sensors, Prague,

Czech Republic) and the software PolarPro version

5.1 was used for all voltammetric techniques. The

software was running under the Windows XP

(Microsoft) operating system. Pulses of width of

80 ms and height of –50 mV were used while

performing DPV.Apolarization rate of 20 mV s , and

potential resolution of 3 mV were used.

All measurements were performed using a three

electrode system. A silver chloride electrode

(1 KCl) type RAE 113, Monokrystaly, Czech

Republic. A platinum wire auxiliary electrode was

used. A meniscus modified silver solid amalgam

electrode was purchased from Polaro Sensors, Prague,

Czech Republic. The electode was activated in

0.2 KCl solution by applying of a potential of

2200 mV for 300 s. Passivation was removed by

applying 300 potential pulses lasting 100 ms between

potentials and .

Measured solutions of AC and FD were prepared

by adding an appropriate amount of the stock solution

to a 10 mL volumetric flask, filling with methanol to

a total volume of 5 mL and then filling the flask up to

10 mL with BR buffer of the desired pH. Values of

points in calibration curves are arithmetic averages

of three measurements. Error bars are derived from

the same data. Detection limits are calculated

according to the formula

=3.3 / (1)

where is the standard deviation of 10 measurements

of the lowest concentration when the signal can still be

evaluated and is the slope of calibration curve in the

vicinity of that concentration.

DP voltammograms of AC at m-AgSAE in a solution

of BR buffer and methanol exhibit a single peak in the

whole range of pH used. The peak height increases

with an increase of pH, while the potential shifts

towards more negative values. The highest peak

height is obtained in the solution with BR buffer pH =

= 12 and so this pH was used for the calibration. The

Voltammograms of AC in various pH can be found in

Fig. 1. Passivation of the electrode does not take place

in a 50% mixture of BR buffer pH 12 and methanol.

The calibration dependence of AC in the

concentration range 1×10 2 10 can be

seen in Fig. 2.

–1

in fin

–6

mol L

mol L

mol L

–1

–1

–7 –1

–

E E

LOD S

S

σ

σ

3. Results and Discussion

– ×

Fig. .1 DP voltammograms of Aclonifen (c = 1×10 ) at

m-AgSAE in a solution of BR buffer of the desired pH-methanol

(1:1). BR buffer: (1) pH = 2, (2) 4, (3 6, (4 8,

(5 10, and (6) 12.

–4 –1mol L

) pH = ) pH = ) pH =

) pH = pH =

Fig. 2. DP voltammograms of Aclonifen at m-AgSAE in

( = ) . Aclonifen

concentration:

a

solution of BR buffer pH 12 -methanol (1:1)

(1) .0×10 , (2) .2×10 ,

(3) .4×10 , (4) .6×10 , (5) .8×10 ,

(6) 1.0×10 .

0 mol L 0 mol L

0 mol L 0 mol L 0 mol L

mol L

–6 –1 –6 –1

–6 –1 –6 –1 –6 –1

–6 –1

Fig. 3. DPvoltammograms of Fluorodifen (c = 1×10 ) at

m-AgSAE in a solution of BR buffer of the desired

pH-methanol (1:1). BR buffer: (1) pH = 2, (2) 4, (3 6,

(4 8, (5 10, and (6) 12.

–4 –1mol L

) pH = ) pH =

) pH = ) pH = pH =



– –1

–7 –1

–7 –1

–4 –1

–6 –1

The DP Voltammograms of FD at m-AgSAE have

two peaks in the whole pH ange. The peak height

various pH can be seen in Fig 3.

A method for the determination of AC by DPV at

AgSAE has been developed. The optimum conditions

for the determination are a solution of 50 % BR buffer

pH 12 and methanol. The calibration dependence is

linear in the concentration range from 1 10

to 1 10 . The detection limit reached for the

determination of AC is 2 . Electro

chemical means of regenerating the surface of the

electrode under the conditions described are

unnecessary.

A method for the determination of FD by DPV at

AgSAE has been developed. The optimum conditions

for the determination are a solution of 50 % BR buffer

pH 6 and methanol. The calibration dependence is

linear in the concentration range from

r

×

× -

×

4. Conclusion

× mol L

mol L

10 mol L

1×10 mol L

to 1 10 mol L .

4

Acknowledgments

References

The financial support of The Czech Ministry of Youth and Sports

(project LC06035, MSM 021620857 and RP14/63) is gratefully

acknowledged.

Biochim.

Biophys. Acta

Human & Experimental Toxicology

J. Agric. Food

Chem.

Electroanalysis

Crit. Rev. Anal.

Chem.

Chem. Listy

[1] A. E. Brandsma, D. Tibboel, I. M. Vulto, J. J. M. de Vijlder,

A. A. W. Ten Have-Opbroek, W. M. Wiersinga:

(1994) 266–270.

[2] B. Rio, D. Parent-Massin, S. Lautraite, H. Hoellinger

(1997) 115 122

[3] E. B. Rupp, P. Zuman, I. Šestáková, V. Horák

(1992) 2016 2021.

[4] J. Barek, J. Fischer, T. Navrátil, K. Pecková, B. Yosypchuk,

J. Zima (2007) 2003 2014.

[5] J. Zima, I. Švancara, J. Barek, K. Vytřas

(2009) 204 227.

[6] V. Novotný, J. Barek (2009) 217 223.

1201 ,

16

40

19

397

103

:

, –

:

, –

: , –

:

, –

: , –

116
Proceedings of 6th ISC ModernAnalytical Chemistry ▪ Prague 2010



Proceedings of 6th ISC ModernAnalytical Chemistry ▪ Prague 2010
117

Modification of Gold Metal Surfaces by

Thiolated Calix[4]arene and Undecanethiol:

Comparative Studies

B Š , V M , K ŠARBORA USTROVÁ LADIMÍR AREČEK AREL TULÍK
a, b a a, b

a

b

J. Heyrovský Institute of Physical Chemistry Academy of Sciences of the Czech Republic,

Dolejškova 3, 182 23 Prague 8, Czech Republic barbora.sustrova@jh-inst.cas.cz

Department of Analytical Chemistry, Faculty of Science, Charles University in Prague,

Hlavova 8, 128 43 Prague 2, Czech Republic

,

The ,

The

�

Keywords

atomic force microscopy

calix[4]arenes

cyclic voltammetry

gold electrode

undecanethiol

Abstract

This study continues our investigation of the calix[4]arene self-assembly process. In this

paper we compare the electrochemical deposition of two structurally different com

pounds, calix[4]arene and undecanethiol, and the electrochemical behavior of a gold

electrode modified by them. Undecanethiol is reduced at a higher electric potential than

calix[4]arene and the optimum adsorption potentials for the two substances are also

different. The adsorption processes of both the compounds satisfy the Langmuir isotherm

and from the electrode charge, which is measured in the case of maximum coverage of the

surface, it is possible to compute the adsorbed layer molecular width, which correlates

with the software simulation. In contrast to calix[4]arene, the degree of the gold electrode

surface coverage by undecanethiol greatly depends on the adsorption time.

-

1. Introduction

Surface modification of metal electrodes provides one

of the most ellegant approaches to optimizing many

electrochemical analyses or designing ion-selective

electrodes (ISE). The main aim of the modification

process is directed to creating well defined, suffi

ciently stable and reproducible model systems, per

mitting electrochemical measurements on the basis of

which it is possible to lower the detection limits and

improve the selectivity of ISEs [1, 2].

The self-assembly technique is the most common

modification technique, where amphiphilic molecules

of the modifier spontaneously create a monolayer on

the solid surface, which is immersed in a modifier

solution [3]. Immobilization, desorption and struc

tural behavior of the self-assembled monolayers

(SAMs) could be affected by the electrode potential.

The kinetics of the self-assembly process on metal

electrodes varies with varying electrode potential [4].

The SAMs of alkenthiols on gold are probably

most studied at present [5, 6]. The reaction may be

considered formally as an oxidative addition of the

S-H bond to the gold surface, followed by a reductive

elimination of the hydrogen.And various factors, such

as the length of the alkyl chain, temperature, the

solvent, or oxygen present in the electrolyte solution

can influence the SAM stability [6, 7].

In this study, the electrochemical deposition

processes of two types of organothiols are compared,

-

-

- namely, those with thiolated calix[4]arene with 4 SH

groups located on the lower rim, and linear chain

undecanethiol (Fig. 1).

The gold electrode was mechanically polished with

suspensions of 1.00 μm and then 0.05 μm alumina

particles, properly rinsed with deionized water and

electrochemically activated by potential cycling in

0.1 mol L H SO within an interval from 0.6 V to

+1.4 V (scan rate, 0.5 V s ), prior to each adsorption

process.

The SAM of thiolated compounds on the gold disk

electrode was electrochemically prepared on

–

–

2. Experimental

–1

2 4

–1

BA

Fig. .1 The structures of A) the calix[4]arene molecule

substituted by four SH functional groups on the lower rim and

B) undecanethiol.

(

–

(
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a cleaned, activated electrode from the supporting

electrolyte of 0.1 NaOH dissolved in a 1:1

mixture of ethanol and water at a constant applied

potential. The concentration, time, potential and scan-

rate conditions were optimized from the point of view

of the SAM homogeneity.

The electrochemical cell consisted of a gold disk

working electrode (1 mm in diameter), a reference

saturated calomel electrode (both purchased from

Elektrochemické Detektory, Turnov, Czech Republic)

and of a platinum wire auxiliary electrode. The

electrochemical measurements were performed using

an Electrochemical Workstation CHI660C (IJ Cam-

bria Scientific, UK) with a CHI660C software. The

properties of the calix[4]arene and undecanethiol

modified gold electrodes were determined using

cyclic voltametry, in the supporting electrolytes of

0.1 NaOH and in the presence of a simple

redox system, 0.01 K [Fe(CN) ] in the sup-

porting electrolyte of 0.1 HCl. Each cyclic

voltammogram was recorded after 10 min of conti

nuous stirring and degassing with nitrogen; the stir

ring was stopped during the measurement. The

conditions of the CV measurements are specified in

the appropriate paragraphs.

The SAMs on the gold platelet Gold arrandee /

Au(111) (12 × 12 mm, Dr. Dirc Schroer, Germany)

were imaged by atomic force microscopy (Nanoscope

IIIa, Veeco, USA) in the tapping mode, using canti-

levers OTESPA (Veeco, USA) with a resonant

frequency of ~300 kHz to minimize the tip interaction

with the surface examined. The gold-coated glass

platelets forAFM imaging were thermally annealed to

form surface areas with prevailing 111 orientation,

prior to the thiols adsorption. The SAMs of thiolated

compounds on the gold platelet were prepared by

mol L

mol L

mol L

mol L

-

-

–1

–1

–1

–1

4 6

TM

dropping 10 μL of the calixarene or undecanethiol

solution (5×10 DMF) onto the middle of the

platelet; the adsorption times were 30 s for calixarene

deposition, 300 s for the undecanethiol deposition.

The platelet was then washed with the clean solvent

(DMF), rinsed with deionized water and dried for

1 hour in the air under laboratory temperature [8].

The preliminary CV measurements of the reduction

desorption processes of calix[4]arene and undecane-

thiol, which were electrochemically deposited on

a gold electrode surfaces ( = –0.8 V, = 300 s,

versus SCE), indicated that both the compounds

desorbed in different potential ranges (Fig. 2). The

calix[4]arene was reduced from the electrode surface

close to –1.45 V, in contrast to the undecanethiol

reduction peak located at –1.30 V. The peak close to a

potential of 1.15 V, which appears during the

reduction scans for both the adsorbed compounds, can

be attributed to lead impurities formed in alkaline

solutions of hydroxy-complexes [9, 10].

First, the dependences of the reduction peak height

and area on the adsorption potential were compared

(Fig. 3). The optimum adsorption potential for the

calix[4]arene SAM preparation was found to be

1.3 V, that for undecanethiol equalled 1.0 V. At

lower values of adsorption potentials, below 1.0 V,

there were no peaks of impurities in the CV measure

ments of the reduction process.

The dependence of the calix[4]arene reduction

peak area on the bulk concentration of the compound

in the base electrolyte was presented in our previous

study [8]. The undecanethiol concentration depen-

dence was determined using the same procedure. The

–3

dep dep

mol L

–

– –

–

-

–1

3. Results and Discussion

E t

-6

-4

-2

0

2

-1,5 -1,3 -1,1 -0,9 -0,7 -0,5

E / V vs. SCE

Ip
/

A

C10-SH

C[4]A-(SH)4

Ip
/

µ
A

Fig. .2 The reduction desorption processes of electrochemically deposited

calix[4]arene (thick line) and undecanethiol (thin line) from a gold electrode

( 0.8 V 0.5 V 1.5 V; scan rate 0.1 V·s ; base electrolyte 0.1 mol L

NaOH in a 1:1 mixture of ethanol and water).

E E EIn H L

1= – , = – , = – – –1
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adsorption process of both the compounds satisfies

the Langmuir isotherm equation.

From the charge on the modified electrode,

corresponding to the reduction peak area, the area of

the gold electrode surface covered by a single

calix[4]arene or undecanethiol molecule on com-

pletion of the self-assembling process was computed.

The molecular widths of the layers were then com-

puted for both the compounds (Table 1). The results

correlate with the molecule simulation.

The dependence of the SAM integrity on the

adsorption time was measured in the presence of

a simple redox system, K [Fe(CN) ] in the supporting4 6

electrolyte of 0.1 HCl (Fig. 4). The adsorption

process of calixarene molecules on a gold surface is

very fast and the amount of the adsorbed molecules

practically cannot be increased by increasing the

adsorption time (Fig. 4B) [8], in contrast to the adsor

ption process of undecanethiol, where the integrity

of SAM depends on the adsorption time. After 20 min

of undecanethiol adsorption, the coverage of the gold

electrode surface is practically complete and, in CV

measurements, the SAM on the gold surface behaves

as an insulator (Fig. 4A).

Both of the compounds were adsorbed on the gold

platelet Au(111). The SAMs were scanned using the

AFM method. Both the compounds form mono-

-disperse globular aggregates on the gold surface, but

some differences in the height and shape of the

aggregates are observed.

The adsorption processes of two different compounds,

calix[4]arene and undecanethiol, on a gold surface

were compared. In comparison with the SAM of

calix[4]arene on gold, undecanethiol was reduced at

a higher potential, the optimum adsorption potential

was found to be –1.0 V (compared to the value for

calix[4]arene adsorption, 1.3 V) and the degree of

surface coverage depended on the adsorption time.

mol L

-

–

–1

4. Conclusions

Fig. .4 Time dependence of the adsorption process of A) undecanethiol and B) calix[4]arene measurement in

0.01 K [Fe(CN) ] in 0.1 HCl, 0.4 V, 0.6 V, 0.4 V respectively, scan rate 0.1 V .

( ( (cyclic voltammetry

mol L mol L s– –

In

–1 1

H

1E E= – =4 6

Fig. .3 The reduction peak height and area dependences on the

adsorption potential A) thiolated calix[4]arene, B) undecane

thiol ( 300 s; : = 0.5 V

1.5 V, scan rate 0.1 V s base electrolyte NaOH

in a 1:1 mixture of ethanol and water).

: ( ( -

= cyclic voltametry , = – ,t E E E

E

dep In dep H

L

1= – – –, 0.1 mol L 1

Surface covered Molecule

radiusby a single molecule

[nm ] [nm]

Calix[4]arene 0.58 0.43

Undecanethiol 0.17 0.20

2

Table 1

The electrode surface areas covered by a single calix[4]arene and

undecanethiol molecule and molecules widths obtained for

electrochemically controlled deposition.
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For the formation of a compact undecanethiol layer,

a longer adsorption time is required. Both the adsor

ption processes satisfy the Langmuir isotherm and the

modified electrode charges for maximum coverages

of the electrode surfaces with the modifier molecules,

permit the calculation of the molecular widths, which

correlate with the software simulation. These results

and the known properties of both the compounds will

be utilized for the preparation of a specific modified

gold electrode for monitoring of ion transport pro

cesses across immiscible liquid interfaces.

-

-
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