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Abstract
The main aim of this paper is to utilize high performance liquid chromatography with electrochemical detection for
determination of thiols content in plants tissues of lettuce treated with lead(II) ions (0, 0.5 and 1 mM). We used two
HPLC-ED instruments: HPLC coupled with one channel amperometric detector and HPLC coupled with twelve
channel coulometric detector to detect simultaneously twelve thiols. The detection limits of thiols measured by
CoulArray detector were about two magnitudes lower in comparison to those measured by Coulochem III detector
and were from tens to hundreds pM. Under the optimal conditions, we utilized HPLC-CoulArray detector for analysis
of tissues from lettuce plants. In addition, distribution and accumulation of lead ions with high spatial resolution was
monitored using laser induced breakdown spectroscopy.
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1. Introduction

Pollution of environment by both organic and inorganic
toxic compounds, especially by salts of heavy metals ions
including lead(II) salts, can be considered as a concern not
only for developing but also for developed countries [1].
Thus, decontamination and remediation of the polluted
environment by using modern, non-destructive and envi-
ronment-friendly technologies is one of the most important
tasks of United Nations Environment Programme [2 – 5].
One of such technologies is called phytoremediation, which
describes the treatment of environmental problems through
the use of plants [6 – 11]. Research on this field is mainly
focused on acquiring of plants with the highest remediation
efficiency, it means plants with both considerable resistance
against toxic effects of heavy metal ions and ability to hyper-
accumulate these ions. Thiols as glutathione and phytoche-
latins are the most important compounds maintaining the

homeostasis of heavy metal ions inside the plant cell [12 –
15].

To evaluate ability of a plant to synthesise thiols, the
precise analytical instruments with low detection limits are
needed. Recently, a number of analytical approaches and
methods for the determination of biologically active thiol
compounds have been developed [16], including both
stationary (for example voltammetry, chronopotentiometry,
polarography) [17 – 21] and flow techniques [22] (like liquid
chromatography (LC) [23 – 27], gas chromatography (GC)
and capillary electrophoresis (CE)) [28 – 30]. With LC
systems, there are numerous detection methods, including
UV detection, mass spectrometry, and electrochemical
detection. Each method has its advantages and limitations
and may serve a particular need in analysis.

However, to consider whether the specific plant species is
able to or is not able to remediate the polluted environment,
level of thiols in plant tissues is not the only criterion.
Likewise, the distribution of metal ions in the plant tissues
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and organs must be analysed because of different capability
of different plant tissues to detoxify metal ions. The
diagnostic techniques enabling three-dimensional monitor-
ing of distribution of elements within different plant tissues
and organs include mainly X-ray imaging methods [31 – 33]
[34]. Although the X-ray radiation based methods are
widely used in laboratories, these methods have some
disadvantages, especially limitation in utilization for in-situ
analysis only. Due to this fact, we have been focusing on the
realization of spatially-resolved spectrochemical analysis by
utilizing laser-ablation based techniques. Laser induced
breakdown spectroscopy (LIBS) is a type of atomic
emission spectroscopy which utilises a highly energetic laser
pulse as the excitation source and is able to provide high
spatial-distribution of metal ions in different types of
materials [35, 36].

The main aim of this paper is to utilize HPLC with
electrochemical detection (ED) for monitoring of thiols
content in plants tissues of lettuce treated with lead(II) ions,
respectively. Two HPLC-ED instruments: HPLC coupled
with one channel amperometric detector and HPLC cou-
pled with twelve channel coulometric detector were used for
simultaneous detection of twelve thiols (cysteine (Cys);
reduced (GSH) and oxidized (GSSG) glutathione; homo-
cysteine (H-cysteine); N-acetylcysteine (NAcCysteine);
cystine; phytochelatins: des-Glycine-Phytochelatin (Des-
gly-PC), phytochelatin2 (PC2), phytochelatin3 (PC3), phyto-
chelatin4 (PC4) and phytochelatin5 (PC5), Fig. 1). The results
obtained by using these LC techniques are compared. In

addition, distribution and accumulation of lead ions with
high spatial resolution was monitored using laser induced
breakdown spectroscopy.

2. Experimental

2.1. Chemicals and pH Measurements

Cysteine (Cys), reduced (GSH) and oxidized (GSSG)
glutathione, homocysteine, N-acetylcysteine (NAcCys-
teine), cystine and trifluoroacetic acid (TFA) were pur-
chased from Sigma-Aldrich (St. Louis, USA). Phytochela-
tins: (g-Glu-Cys) des-glycine-phytochelatin (des-gly-PC),
(g-Glu-Cys)2-Gly phytochelatin2 (PC2), (g-Glu-Cys)3-Gly
phytochelatin3 (PC3), (g-Glu-Cys)4-Gly phytochelatin4

(PC4) and (g-Glu-Cys)5-Gly phytochelatin5 (PC5) were
synthesized in Clonestar Biotech (Brno, Czech Republic)
with a purity above 90 %. HPLC-grade acetonitrile
(>99.9%; v/v) and methanol (>99.9%; v/v) from Merck
(Dortmund, Germany) were used. Other chemicals were
purchased from Sigma-Aldrich (St. Louis, USA) unless
noted otherwise. Stock standard solutions of the thiols
(500 mg mL�1) were prepared with ACS water (Sigma-
Aldrich, USA) and stored in dark at �20 8C. Working
standard solutions were prepared daily by dilution of the
stock solutions. All solutions were filtered through 0.45 mm
Nylon filter discs (Millipore, Billerice, MA, USA) prior to
HPLC analysis. The pH value was measured using WTW

Fig. 1. Chemical structures of cysteine (Cys); reduced (GSH) and oxidized (GSSG) glutathione; homocysteine (H-cysteine); N-
acetylcysteine (NAcCysteine); cystine; phytochelatins: des-glycine-phytochelatin (Des-gly-PC) and phytochelatins.
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inoLab Level 3 with terminal Level 3 (Weilheim, Germany),
controlled by software MultiLab Pilot; Weilheim, Germany.
The pH-electrode (SenTix H, pH 0 . . 14/0 . . 100 8C/3 mol L�1

KCl) was regularly calibrated by set of WTW buffers
(Weilheim, Germany).

2.2. Plant Material and Cultivation

Lettuce seeds (Lactuca sativa L. var. capitata L.) were
germinated on wet filter paper in special vessels at 23� 2 8C
in dark. After seven days, lettuce seedlings were placed into
vessels containing tap water and cultivated in Versatile
Environmental Test Chamber (MLR-350 H, Sanyo, Japan)
for eight days with 14 h long daylight per day (maximal light
intensity was about 100 mE m�2 s�1) at 23.5 – 25 8C and
humidity 71 – 78%. Further, Pb-EDTA was added to the
cultivation solution at final concentrations of 0, 0.5 and
1 mM. Plants grown without Pb-EDTA were used as a
control. The lettuce plants placed in the vessels that
contained tap water with addition of Pb-EDTA (0, 0.5 and
1 mM) were grown for 5 days. Four plants each were
harvested at certain time intervals (24, 72, and 120 h) during
the experiment, and their roots were rinsed three times in
distilled water and 0.5 M EDTA. Further, each harvested
plant was divided into leaves and root. Fresh weight of the
samples was measured immediately after the rinsing by
using a Sartorius scale.

2.3. Preparation of Plant Tissues for Thiols Determination

Weighed plant tissues (approximately 0.2 g) were transferred
to a test-tube. Then, liquid nitrogen was added to the test-
tube, and the samples were frozen to disrupt the cells. The
frozen sample was transferred to mortar and spread for 1 min.
Then exactly 1000 mL of 0.2 M phosphate buffer (pH 7.2) was
added to mortar, and the sample was spread for 5 min. The
homogenate was transferred to a new test-tube. The mixture
was homogenised by shaking on a Vortex –2 Genie (Scientific
Industries, New York, USA) at 48C for 30 min. The
homogenate was centrifuged (14000 g) for 30 min at 48C
using a Universal 32 R centrifuge (Hettich-Zentrifugen
GmbH, Tuttlingen, Germany). The supernatant was filtered
through a membrane filter (0.45 mm Nylon filter disk,
Millipore, Billerica, Mass., USA) prior to analysis.

2.4. Flow Injection Analysis/High Performance Liquid
Chromatography Coupled with Coulochem III
(Amperometric) or CoulArray (Coulometric)
Detector

2.4.1. Coulochem III

The instrument for flow injection analysis with electro-
chemical detection (FIA-ED) and/or high performance
liquid chromatography with electrochemical detection

(HPLC-ED) consisted of solvent delivery pump operating
in range of 0.001 – 9.999 mL min�1 (Model 582 ESA Inc.,
Chelmsford, MA, USA), a guard cell (Model 5020 ESA,
USA), a reaction coil (1 m) and/or a chromatographic
column Metachem Polaris C18A reverse-phase column
(150.0� 2.1 mm, 5 mm particle size; Varian Inc., CA, USA),
and an electrochemical detector. The electrochemical
detector includes one low volume flow-through analytical
cells (Model 5040, ESA, USA), which is consisted of glassy
carbon working electrode, hydrogen-palladium electrode as
reference electrode and auxiliary electrode, and Coulochem
III as a control module. The sample (5 mL) was injected
using autosampler (Model 540 Microtiter HPLC, ESA,
USA). The data obtained were treated by CSW 32 software
(DataApex, Prague, Czech Republic). The experiments
were carried out at room temperature. Guard cell potential
was set as 0 V.

2.4.2. CoulArray

FIA/HPLC-ED system consisted of two solvent delivery
pumps operating in the range of 0.001 – 9.999 mL min�1

(Model 582 ESA Inc., Chelmsford, MA), a reaction coil
(1 m)/Metachem Polaris C18A reverse-phase column
(150.0� 2.1 mm, 5 mm particle size; Varian Inc., CA, USA)
and a CoulArray electrochemical detector (Model 5600A,
ESA, USA). The electrochemical detector includes three
flow cells (Model 6210, ESA, USA). Each cell consists of
four working carbon porous electrodes, each one with
auxiliary and dry H/Pd reference electrodes. Both the
detector and the reaction coil/column were thermostated.
Temperature was optimized, see in “Results and Discus-
sion” section. The sample (5 mL) was injected using
autosampler (Model 540 HPLC, ESA, USA).

2.5. Laser Induced Breakdown Spectroscopy

To realize the measurements with high-spatial resolution,
the sample holder with the investigated species was placed
to the stage with precision movements (2 mm in x, y and z
direction) inside the ablation chamber (Tescan, Czech
Republic). The single-shot LIBS analysis was performed
in air under atmospheric pressure. The ablation spot was
targeted and controlled for each shot by a CCD camera
placed outside of the chamber. The LIBS microplasma was
created using the second harmonic (532 nm) of a Nd:YAG
laser system (Quantel, Brilliant B). The laser pulse width
was ~5 ns and the beam diameter 8 mm. The energy of the
laser pulse was 10 mJ (at the sample). The laser-induced
plasma was produced by focusing the laser beam with a
16 mm focal-length glass doublet (Sill Optics). Imaging
system consisting of two quartz objectives was used to
collect the LIBS microplasma radiation. Subsequently, the
radiation was transported by a 3 m fibre optic system onto
the entrance slit of the 0.32 m monochromator (Jobin Yvon
TRIAX 320). In this study the grating 2400 g/mm of the
monochromator and 50 mm entrance slit were used. The
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dispersed spectrum of the plasma radiation was detected by
an ICCD camera (Jobin Yvon Horiba). The time-resolved
measurements were realized triggering the camera by the Q-
switch signal of the laser. The detector was gated 1 ms after
the Q-switch signal and the observation window was 10 ms.
The lead-content within the leaf was detected by monitoring
the 283.31 nm Pb(I) line in the created microplasmas

2.6. Accuracy, Precision and Recovery

Accuracy, precision and recovery of the thiols were evaluated
with homogenates (lettuce tissues samples) spiked with the
standards. Before extraction, 100 mL of the thiols standards,
100 mL of the water and 100 mL of thiosalicylic acid (TSA,
used as internal standard for the thiols determination [37])
were added to lettuce tissues samples. Homogenates were
assayed blindly and thiols concentrations were derived from

the calibration curves. Accuracy was evaluated by comparing
estimated concentrations with known concentrations of
thiols. Calculation of accuracy (%Bias), precision (%C. V.)
and recovery of this intraday assay was carried out as
indicated by Causon [38] and Bugianesi et al. [39].

2.7. Descriptive Statistics

STATGRAPHICS (Statistical Graphics Corp, USA) was
used for statistical analyses. Results are expressed as
mean� SD unless noted otherwise.

3. Results and Discussion

Phytoremediation technologies could be utilized for depol-
luting of soils with higher content of heavy metals, but the

Fig. 2. Photography of whole plant of lettuce (Lactuca sativa L. var. capitata L.) (A) and its leaf (B) treated with 0 – control (I), b)
0.5 mM (II) and c) 1 mM (III) Pb-EDTA. The LIBS analysis was performed in the areas indicated by rectangles A, B and C in all three
samples. In the insertion the typical LIBS and ablation pattern is shown. The length of the bar in the insertion is 1 mm. The maps of the
lead accumulation in the selected areas (A, B and C) of the Pb-EDTA treated samples by 0.5 mM Pb-EDTA (II) 1 mM Pb-EDTA (III)
including scale showing concentration of lead(II) ions (C).
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suitability of single plant species for such purposes needs to
be tested. Lettuce can be considered as one the promising
plant specie for phytoremediation purposes due to its
relative short growing season, higher production of biomass
and well development. However, to evaluate phytoreme-
diation capacity of this plant specie properly, two different
points of view have to be studied: ability of a plant to
degrade or store the pollutant� response of a plant on the
presence of the pollutant. In the present paper we treated
lettuce plants with Pb-EDTA 0, 0.5 and 1 mM for 120 hours.
As a source of lead ions we used lead chelate (Pb-EDTA),
because the lead from salts such as nitrite, chloride or
acetate partly precipitates and the final concentration of
lead ions is in doubt [40, 41]. The plants treated with Pb-
EDTA shown well observable growth depression, the
content of chlorophyll was decreased and necrotic changes
on the leaves, especially on the margins of leaf blades, were
observed. The fresh weight of the plants treated with 0.5 mM
and/or 1 mM decreased for more than 45% and/or 55%,

respectively, at the very end of the treatment compared to
control plants (Fig. 2A, B).

3.1. Amperometric Detection – Coulochem III Detector

Typical hydrodynamic voltammograms (HDVs) of the
thiols measured in the presence of trifluoroacetic acid
(TFA):methanol (97 :3, v/v, pH 1.42) are shown in Figure 3.
The thiols were measured within the potential range from
300 to 900 mV (per 100 mV) using FIA-ED. The profiles of
HDVs very depended on the structure of molecules
analysed. Signals of the thiols with free �SH group like
Cys and GSH enhanced most rapidly (Fig. 3A). On the other
hand the signals of thiols with less accessible electroactive
�SH or S�S groups like phytochelatins enhanced more
gradually until we applied potential of 600 mV, from which
we observed the sharp increase in the height of the signals
(Fig. 3A). It clearly follows from the results obtained that

Fig. 3. Hydrodynamic voltammograms of analyzed thiols. The chromatographic conditions were the same for both detectors as follows:
the concentration of Cys, Cystine, H-cysteine, NAcCysteine, GSH and GSSG was 10 mM; the concentration of Des-gly-PC, PC2, PC3,
PC4 and PC5 was 25 mM; the mobile phase trifluoroacetic acid (TFA):methanol (97 :3, v/v, pH 1.42) with flow rate of 0.7 mL/min;
temperature and volume of the injected sample 4 8C and 10 mL, respectively; column and detector temperature 30 8C; length of reaction
coil 1 m; the potential range 300 – 900 mV. The signals for CoulArray were evaluated as cumulative response – sum of the signals
measured at all electrodes according to [43].

Full Paper V. Diopan et al.

1252 www.electroanalysis.wiley-vch.de � 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Electroanalysis 2010, 22, No. 11, 1248 – 1259

www.electroanalysis.wiley-vch.de


working electrode potential of 900 mV is the most suitable
potential for simultaneous determination of the twelve
compounds of interest.

Due to application of such high potential on working
electrode, the electrode was polished electrochemically
prior to analysis. Under this polishing the electrode can be
used for more than 1000 analyses. Then, the glassy carbon

Fig. 4. Typical HPLC Coulochem III chromatogram of thiols standards. The applied potential was 900 mV. For other chromatographic
conditions see in Fig. 3.

Fig. 5. Typical HPLC CoulArray chromatograms of thiols measured in mobile phase consist of 80 mM TFA with 0% (A), 3 % (B) and
5 % (C) of methanol. Flow rate 0.7 mL/min; temperature of the injected sample 4 8C; column and detector temperature 30 8C; applied
potential 900 mV.
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electrode was polished mechanically by 0.1 mm of alumina
(ESA Inc., USA) and sonicated at the room temperature for
15 min using a Sonorex Digital 10 P Sonicator (Bandelin,
Berlin, Germany) at 40 W [40]. However, the chromato-
gram measured after mechanical polishing of the working
electrode had different baseline. To solve the shift in
baseline we employed program GPES 4.9 (EcoChemie,
Netherlands). The chromatogram measured was exported
to GPES and treated by smoothing and baseline correction.
The typical mathematically processed chromatograms are
shown in Figure 4.

HPLC coupled with Coulochem III detector does not
enable us to use gradient elution to separate and subse-
quently analyze the target molecules. Therefore the analysis
must be carried out in isocratic mode, which leads to relative
longer total length of an analysis (more than 30 min., Fig. 4).
In addition to this, the target molecules are measured at the
surface of a glassy carbon electrode in wall jet arrangement.
The main disadvantage of this arrangement bases in
decreasing of the signals measured in the presence of a
mobile phase with content of organic solvents higher than
5 – 10%. In spite of the mentioned disadvantages the peaks
of thiols are well separated and developed with detection
limits (3 S/N) from tenth to units of nM (Fig. 4, Table 1).

3.2. Coulometric Detection – CoulArray Detector

HPLC coupled with CoulArray detector was also utilized
for measurement of the twelve thiols as Coulochem III
instrument. CoulArray detector as multichannel detector
consists of twelve working carbon porous electrode, where-
as two auxiliary and two reference electrodes are connected
with one working electrode. Electrochemical measurements
are carried out on all working electrodes, which promotes
near 100% electrochemical conversion of analytes below
the designated potential of the detector. The shapes of the
thiols HDVs measured using CoulArray detector are similar
to those measured by Coulochem III detector. The working
electrode potential of 900 mV is also the most suitable
potential for simultaneous determination of the twelve
compounds of interest using CoulArray detector (Fig. 3B).

As it was reported, presence of organic solvent in mobile
phase can markedly influence both current response and
separation of the target molecules [42, 43, 49, 50]. HPLC-
ED chromatograms of the twelve thiols measured in the
presence of mobile phase consisted of 80 mM TFA and 0, 3
or 5% methanol are shown in Figure 5. The mobile phase
consists of 80 mM TFA only negatively influenced the
chromatographic separation of the target molecules. The
peaks are not well separated and the sensitivity is very poor
(Fig. 5A). The content of methanol about 3% in the mobile
phase was suitable for simultaneous determination of the
twelve target molecules. The peaks were separated and well
developed. Total length of the analysis was about 30 min.
Repeatability of the analysis was good with standard
deviation in the peak height up to 5% (Fig. 5B). However
the portion of the organic solvent in mobile phase higherTa
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than 5% resulted in very low sensitivity to cystine, PC2, PC3,
GSSG and Des-gly-PC signals (Figure 5C).

Unlike Coulouchem instrument the CoulArray enable us
to use gradient elution to detect the target molecules. If we
applied rapid increase in content of the organic solvent in
the mobile phase, the total length of the analysis was
shortened to 20 min. However, the portion of the organic
solvent in the mobile phase had not exceeded 15%, because
it results in poor resolution of the peaks and very low
sensitivity to most of the thiol signals. HPLC-ED chromato-
gram of the twelve target molecules is shown in Figure 6A.
The signals were not well developed and the separation was
poor. Therefore we increased flow rate of the mobile phase
from up to 0.8 mL/min. This increase slightly improved the
separation; however, we can not apply higher flow rates due
to relative high pressure in the system (about 200 bars).

The influence of column temperature on the separation
and detection of the target molecules was investigated

(Figs. 6B, C). The higher temperature markedly improved
the separation of the thiols. The signals were well separated
and developed, and the sensitivity to cystine, PC2, PC3,
GSSG and Des-gly-PC enhanced. Under the optimal
conditions (gradient profile for simultaneous thiol separa-
tion starting at 100 : 0 (80 mM TFA:methanol) kept constant
for 9 min, then decreasing to 85 : 15 during one minute, and
kept constant for 8 min, and finally increasing linearly up to
97 : 3 from 18 to 19 min, mobile phase flow rate of 0.8 mL/
min, and column temperature of 40 8C) we measured
chromatogram of the thiols at their concentration of 200
or 500 nM (Figure 7). The signals of the thiols were well
developed and separated. The calibration dependences
were evaluated using the sum of the peak heights measured
at the all working electrodes according to Potesil et al. [43].
The detection limits (3 S/N) were from tens to hundreds pM
(Table 2).

Fig. 6. Influence of gradient elution, and column and detector temperature on separation of the thiols, 30 8C (A), 35 8C (B) and 40 8C
(C). Gradient profile for simultaneous thiol separation starting at 100 : 0 (80 mM TFA:methanol) kept constant for 9 min, then
decreasing to 85 :15 during one minute, and kept constant for 8 min, and finally increasing linearly up to 97 : 3 from 18 to 19 min. For
other chromatographic conditions see in Fig. 5.
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3.3. Thiols Content – CoulArray Detector

The detection limits of thiols measured by CoulArray
detector were about two magnitudes lower in comparison to
those measured by Coulochem III detector. Moreover the
total length analysis was about 10 minutes shorter in the case
of CoulArray detector. Thus, we utilized HPLC coupled
with CoulArray detector to determine thiols in tissues of
lettuce plants treated with lead(II) ions. The typical
chromatogram of the extract from leaves of lettuce treated
with 0.5 mM Pb-EDTA in fifth day of the treatment is shown

in Figure 8A. We determined the changes in content of the
eight most important thiols involved in the plant cell
protection against heavy metal ions effects. Recovery varied
from 97 to 102% (Table 3). The changes in the content of
cystine, Cys, Des-gly-PC, PC2, PC3, PC4, GSH and GSSG in
leaves of plants treated with 0.5 mM Pb-EDTA with
increasing time of the treatment is shown in Figure 8B.
The content of Cys, PC2 and PC3 markedly increased after
72 h long exposition. Moreover the content of Des-gly-PC
and GSH gradually increased during the treatment.

Fig. 7. HPLC CoulArray chromatogram of the thiols. Concentration of Cysteine, Cystine, H-cysteine, NAcCysteine, GSH and GSSG
was 200 nM. Concentration of Des-gly-PC, PC2, PC3, PC4 and PC5 was 500 nM. For other chromatographic conditions see in Fig. 6.

Fig. 8. HPLC CoulArray chromatogram of the extract from leaves of lettuce treated with 0.5 mM Pb-EDTA in fifth day of the
treatment (A). Content of thiols in leaves of the lettuce plants treated with 0.5 mM Pb-EDTA. For other chromatographic conditions see
in Fig. 6 and Sect. 2.1.
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3.4. Spatial-Distribution of Lead(II) Ions – LIBS

Based on the above-mentioned facts, we further aimed our
attention on investigating of lettuce ability to accumulate
lead ions and on studying of the plant stress response on the
presence of this toxic pollutant. For our experiment, we used
LIBS technique because of its ability to provide high spatial-
distribution of metal ions including lead(II) ions in different
types of materials including plant tissues. The laser-gener-
ated patterns consisting of precisely ablated micro-craters
have been utilized for mapping the lead distribution on
4.5� 2 mm2 leaf sections of lettuce samples. Three sections
were studied in each leaf from control and Pb-EDTA
treated plants (Fig. 2B-II). Typical LIBS ablation patterns
are shown in Figure 2B-II. For each of the analyzed spectra
from different ablation crater on the sample the background
was subtracted and the peak area of emission lines for Pb
calculated. Analyzing the maps obtained in different areas
of the Pb-EDTA treated samples we observed higher Pb
content in the vein structure of the sample treated with
0.5 mM Pb-EDTA. The main vein – vascular bundle – is
clearly observable in all investigated areas within this leaf
(Fig. 2C). In the case of 1 mM Pb-EDTA treated sample the
lead is spread more homogenously within the sample in the
investigated area around the main vein; and there is only a
slight increase of the lead signal on the main vein (see
Fig. 2C – III). In spite of the fact that LIBS is not an absolute
method [5] and in the case of investigation of plant tissues it
is almost impossible to obtain standard samples that could
be used for LIBS calibration [7], the increasing Pb content
with higher dose of lead(II) ions was evident on the higher
intensity (and area) of the monitored spectral lines. As a
control test, we did not observe any Pb signal on the control
(untreated) samples. Within a 1 mM Pb-EDTA treated leaf,
the higher concentration of the pollutant was detected on
the part near to the petiole. High lead(II) ions concentration
was detected especially at surrounding of main vein –
vascular bundle – which is formed by mechanical tissue with
very thick-walled cells. This result may indicate the depo-
sition of lead(II) ions in cell walls. We did not observe any
significant difference between the maps from different parts
(A, B and C) in the case of 0.5 mM Pb-EDTA treated
sample.

Based on the results obtained it can be concluded that
treated lettuce plant transports actively the lead(II) ions
within the whole plant, where are detoxified especially by
thiols, most of all glutathiones and phytochelatins, which can
be considered as the main molecules synthesized as the
response of the plant cell on the presence of a heavy metals
ions.

4. Conclusions

Phytoremediation technologies belong to the most promis-
ing procedures in decontamination of heavy metal polluted
environment. However, determination of not only mole-
cules playing key role in heavy metal detoxificationTa
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processes, but also their precursors is needed to understand
the processes taking place within a plant cell. Recently, the
papers focused on simultaneous determination of these low
molecular thiols using high performance liquid chromatog-
raphy with electrochemical detection have been published
[26, 42 – 48]. The eight channel coulometric detector has
been proved very suitable for analysis of thiols; however, the
comparison of amperometric and coulometric detector has
not been done yet. Here, we compared both type of
electrochemical detectors utilized for simultaneous deter-
mination of twelve biologically important thiols (cysteine
(Cys); reduced (GSH) and oxidized (GSSG); homocysteine
(H-cysteine); N-acetylcysteine (NAcCysteine); cystine;
phytochelatins: des-Glycine-Phytochelatin (Des-gly-PC),
phytochelatin2 (PC2), phytochelatin3 (PC3), phytochelatin4

(PC4) and phytochelatin5 (PC5)). In this work, we proposed
chromatographic procedure suitable for analysis of real
samples without derivatization of the target thiols. More-
over we successfully utilized LIBS for determination of high
spatial-distribution of lead(II) ions within the leaf.
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