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1. INTRODUCTION

With regard to heavy metals and their compoundsallys meant higher their
levels those are dangerous to humans, plants andhlanthat may have both acute and
chronic effects. Heavy metal emission sources apid ticcess routes to the biosphere
differ in their variety, but it can be divided intwo main groups, namely natural
contamination and anthropogenic pollution. As hemstals are natural components of
the earth's crust, so they can get into the enment during natural processes such as
natural rock weathering, volcanic activity, foréses. However, the biggest sources of
environmental pollution are anthropogenic: acqiaisit and mineral processing,
industrial processes, industrial waste water arehecid rain, which washes soil from
heavy metals into rivers, lakes and groundwater.

Manganese is an essential element for all livigaorsms and does not belong to
very toxic metals. Manganese is a naturally ocogralement that is found in rock, soil,
and water. Manganese ions are common in many suwater and groundwater sources,
particularly in anaerobic or low oxidation conditgy and these are the most important
sources of drinking water. For example, in morenth#% of groundwater for
centralized water supply in Lithuania manganeseceotiations are above 1Q@ I™
The EU Directive on the quality of water intended human consumption gives the
limit value 50 pg I* for manganese. Later, the same value was acceptetie
Lithuanian hygiene standard for drinking water. igas spectroscopic techniques are
nowadays widely used for manganese determinatiowefier, the electroanalytical
techniques remain to be interesting alternative®e da their high sensitivity,
straightforward procedures and low cost.

Chromium can exist in several chemical forms witidation states from zero to
six, but only Cr(lll) and Cr(VI) are stable enoutghoccur in the natural environment.
Chemically, these two chromium species are verfgdiht — mainly in solubility, redox
and complexation activities. As a result the priavgi chemical form in the natural
environment is Cr(lll). Well known is the greatféifence in toxicity of two chromium
species. Whereas Cr(lll) is considered to be aetmement essential for the proper
functioning of living organisms, Cr(VI) is toxic dncarcinogenic to humans when

inhaled and can induce allergies and dermatitisuiin skin contact.



The most widespread industrial product containiofutde Cr(VI) is Portland
cement. Cr(VI) is a well-known skin sensitizer ahd sensitization reactions in cement
workers can be explained by its action. Moreovegt sement has pH > 12 and this
facilitates the penetration of water-soluble Cr(MRrough the skin during manual
handling of wet mortar and concrete by constructoorkers. Therefore, since the
beginning of year 2005 in all cements sold in Eer@y(VI) content was restricted by
EU Directive 2003/53/EC which states that cemeny mat be placed to the market if it
contains more than 0.0002% (2 Q) @f soluble Cr(VI) of the total dry weight of the
cement where there is risk of contact with the skin

To determine separately the toxic Cr(VI) and naxigdCr(Ill) concentrations in
the cement samples the analytical methodologiegaltapfor speciation analysis are
necessary. Atomic spectrometric techniques as retbermal atomic absorption
spectrometry and inductively coupled plasma-atoennission spectrometry dominate in
this field. However, more and more often spectroméechniques are coupled with ion
chromatography and HPLC to minimize contaminatibime serious drawbacks of these
modern techniques are high costs of the instrurientand the determination itself.
Therefore, low-cost electroanalytical methods ofoafium determination based on
catalytic adsorptive stripping voltammetry (CASV@ncbe a promising alternative for
chromium speciation.

The aim of the work wasto develop a reliable and simple technique for the
determination of manganese in drinking water inrdngge of real concentrations, using
anodic stripping voltammetry (ASV) at a mercurynfilelectrode. Also to develop a
simple and fast procedure for trace determinatibiCidVI) and Cr(lll) in cement by
catalytic adsorptive stripping voltammetry, usirapging mercury drop electrode.

The main tasksset to achieve the aim were as follows

1. To research the methods of inverse voltammetrytreldes and electrochemical
experimental procedures,

2. To investigate determination of manganese and dlronby electroanalytical
stripping methods and optimize,

3. To evaluate the characteristics of determinatiomgaaese and chromium by
electroanalytical stripping methods — sensitivitydadetection limits, and to

investigate the influence of other metals,



4. To compare the method of manganese determinatidnnking water by anodic
stripping voltammetry with standardized spectrophwgtric method using
formaldoxime,

5. To develop a simple and fast procedure for traderdenation of Cr(VI) and
Cr(lll) in cement.

Statements for defence:

1. The method of anodic stripping voltammetry can beduto determinate divalent
manganese in drinking water in the range of reateatrations,

2. Determination of manganese by the method of anstlipping voltammetry in
drinking water is equivalent to the determinatiémmanganese using standardized
spectrophotometric methods with formaldoxime,

3. Determination of Cr(VI) by catalytic adsorptive ipping voltammetry using
catalytic adsorptive Cr(lll)-DTPA and NO ions system allow to obtain
determinatio limit of 0,05 I,

4. Catalytic adsorptive stripping voltammetry can Isedito determinate different
chromium forms Cr(VI) and Cr(lll) in cement.



2. EXPERIMENTAL
2.1. Determination of manganese

A PU-1 polarograph in a square wave voltammetry enffd= 25 Hz,V = 100
mV s, ESW = 90 mV) was used for manganese accumulatiarippig and for the
deposition of a mercury film. Voltammograms wereareled with arxy-recorder N 307.

Mercury films were deposited electrochemically on8amnf glassy carbon
electrode F 3500 (Radiometer) from stirred 50 MgHig™ ion solution in 0.05 molt
HCI. The deposition potential and time were —1.4nd 5 min, respectively. The surface
of the glassy carbon electrode was thoroughly petiswith 3um diamond paste and re-
polished with alumina slurry (0.3um) before each experiment. After 10-15
measurements, the mercury film was wiped out from dlassy carbon electrode with
wet filter paper, and after a short polishing wdlumina slurry a new film was
deposited. All potentials were measured againat@ated Ag/AgCl reference electrode.
The auxiliary electrode was platinum wire.

The electrochemical cell was a glass beaker abom 4 diameter. The volume
of the solution in the cell was 30 ml. The stirriofythe solutions during the deposition
was carried out by a magnetic stirrer.

The salts used in the experiments were of analygcade: MnSQ - 5HO0,
Hg(NGs), - HO, NaHCQ, Fe(NQ); - 910, CaC} (anhydrous), MgS® - 7HO.
Manganese 1 g1 stock solution was prepared by dissolution of égtved amount of
manganese sulfate in 1 mof' IHCl. A formaldoxime solution was prepared from
hydroxylamine hydrochloride (Fluka) and 35% forneddgide solution (Sigma-Aldrich).
Distilled water (specific conductivity = 5-8uS cm’) was used throughout the studly.
All the experiments were carried out in nondeaeratdutions.

Drinking water samples from Antaviliai (AV) and \gio parkas (VP) wellfields
were taken from water-taps. The concentration ¢diwa and magnesium in drinking
water samples was determined by ion chromatograpig.alkalinity of drinking water

samples was determined by potentiometric titratising hydrochloric acid.



2.2. Determination of chromium

Voltammetric measurements were carried out usingolarograph PU-1 in a
square wave voltammetry modé £ 25 Hz,V = 100 mV &, Egy = 90 mV).
Voltammograms were recorded kyrecorder N 307. A 303 SMDE static mercury drop
stand controlled by polarograph PAR 174A (Princefgplied Research) was used to
form a hanging mercury drop electrode (HMDE). Theace area of the mercury drop
was 1.16 mrh All potentials were measured against saturatedAd@l reference
electrode. The auxiliary electrode was platinumewirhe stirring of the solutions during
the accumulation step was carried out by a magsgtrer.

All reagents were of analytical grade and solutisrese made using distilled
water (specific conductivityx = 5-8 uS crit). Diethylenetriaminepentaacetic acid
(DTPA) was obtained from Fluka. Stock standard tmhg of Cr(VI) and Cr(lll),
concentration 1 ¢* were prepared by dissolution in distilled watertbé weighed
amounts of KCrO, or KCr(SQ), - 12 HO, respectively. Before the voltammetric
measurements the solutions were deoxygenated lgynguwith nitrogen.

The Portland cement CEM IIA-L42,5N made by Lithwamicompany “Akmeés
cementas AB” and purchased from supermarket in 2@&8 used in chromium
determination experiments.

Recommended procedures

Determination of Cr(Vl) and total chromium in water extract of the cement.
About 0.1 g of dry cement is weighted and addegDtonl of distilled water for 24 hours.
An aliquot of 0.1 ml is taken for Cr(VI) determii@t and pipetted into electrochemical
cell with 14 ml of solution containing 0.15 mal CH;COONa, 5 mmolt DTPA and
0.7 mol I NaNGQ;. The pH of the mixture is adjusted to pH = 6 bgtacacid. The
solution is deaerated by 8 min purging with nitneg& mercury drop is formed and
accumulation at —0.9 V for 5-10 s is carried oonirstirred solution. After equilibration
time of 10 s without stirring the voltammogramesorded scanning potential from —0.9
V to —1.4 V. Three consecutive additions of 1-2|gCr(VI) each are performed for
standard additions method procedure.

For the total chromium determination 0.1 mmbIKMnO, is added to 10 ml of

water extract of the cement and after 10-15 mindhguot of 0.1 ml is pipetted to



electrochemical cell. The rest steps of the promedare the same as for Cr(VI)
determination.

Determination of Cr(VI) and total chromium in nitric acid extract of the cement.
About 0.1 g of dry cement is weighted and adde8l tol of concentrated HN{for 15
min. After the cement dissolution the extract ikitgid to 50 ml by distilled water and
filtrated. An aliquot of 0.1 ml is taken to eleatheemical cell and the rest steps of the
procedure for Cr(VI) determination is the sameassater extract.

For the total chromium determination 0.3 mmoIKMnO, is added to diluted
extract of the cement and pH is adjusted to pHby 4mmonia solution. The mixture is
boiled for 3 min and after cooling an aliquot of @l is pipetted to electrochemical cell.

The rest steps of the procedure are the same &3 (fdl) determination in water extract.

3. RESULTS AND DISCUSSION
3.1. Determination of manganese by anodic strippingoltammetry

Since manganese can be deposited on the electnolge ab very negative
potentials (about —1.7 V), acidic media cannot bedudue to a hydrogen wave on the
voltammograms. Therefore sodium hydrocarbonatetisoluvas tested as a working
medium. The 0.0036 mol‘toncentration of NaHCQ was chosen because such
alkalinity had been determined for drinking wateonh the tap. The background

voltammogram and the voltammogram upon adding ug0I™ of manganese are

}L‘-m

Current

Fig. 1. Voltammograms of manganese in
the 0.0036 mol't NaHCGQ; solution.

1 — background voltammogran? — 10
T ug I Mn?*.  Conditions: deposition
' N ) potential -1.75 V, accumulation time 10 s.

Patential, ¥

10



presented in Fig. 1. One can see that the welhddfianalytical signal of manganese
with the peak potential about —1.5 V can be obtheféer 10 s of accumulation.

The main accumulation parameters that influencelétermination sensitivity are
the deposition potential and accumulation time.uFeg2 illustrates the dependence of
manganese analytical signals on the depositionnpiatelt can be concluded that the
potentials for manganese accumulation should be megative than —1.7 V. The value
of —1.75 V was chosen since more negative potental not increase the analytical
signals substantially but can

/O/W_J)-_ﬂ/‘”w influence negatively the durability

10 a of the mercury film. The effect of

pA

accumulation time on manganese

Peaak haight,
o

analytical signals for two

manganese  concentrations is

shown in Fig. 3. The dependence

-1I.G -1I.T -1I.B -1I.9 -2 =21 . .
Deposition patential, V is clearly linear for the manganese

Fig. 2. Dependence of manganese analyticgoncentration of 23ug I
signals on deposition potential. Conditions
drinking water AV with addition of 2Qug I'*

Mn?, accumulation time 5 substantially when the

however, it deviates from linearity

concentration is about ten times

w© 2 higher. The non-linear increase of

the analytical signals with

pA

accumulation time at higher

20

Paak height,

concentrations may be caused by

! the low solubility of manganese in

W mercury. Also, it should be noted

a Le;
4] 20 40 B0

Accumulation time, s that the intercepts on thg-axis

Fig. 3. Dependence of manganese analyticalfter the extrapolation of both
sinals on accumulation time in drinking Watert:urves result from apolving a 10
1— drinking water AV containing 2.3:g I pplying

Mn?*, 2 — the same water sample with addition afecond rest period when the

-1 2+ .- ) .- .
-2107H59V| Mn<". Condition: deposition potential stiring is stopped in order to

perform anodic stripping in the
quiescent solution. Due to the low accumulationcefhcy, the rest period is normally
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not attributed to the accumulation time, but it kame effect on the analytical signals,

especially at short accumulation

40 F

times.
The dependence of the
analytical signals on manganese

20 F

concentration in NaHC{solution

Paak height, pA

and drinking water AV sample is

shown in Fig. 4. One can see that

0 50 100 150 the shapes of the curves generally

Mn*' concentration, pgd

Fig. 4. Dependence of analytical signals onOIO not favour the quantification of

manganese concentratiod. — 0.0036 molt manganese determination results.
NaHCQ;, 2 — drinking water AV containing
2.5ug I Mn?*. Conditions: deposition potential
-1.75 'V, accumulation time 5 s. concentration range up to 30-40

However, for the manganese

ng I, the dependence may be

considered as linear enougih~(0.9950) for the method of standard additions. Siihe
reason for the non-linearity is the same as fordiy@endence on accumulation time, the
linearity range, in principle, could be expandedibing a very short accumulation time.

However, the accumulation time shorter than 5 sasconvenient in practical
analysis. Therefore, the possibility to dilute teamples having high manganese
concentrations before the determination was exainiée sample of drinking water
was spiked with 40-6Qg I"* of manganese, and the concentration of manganase w
determined by the method of standard additionsr aftefivefold dilution with
0.0036 molT NaHCQ. The positive error in manganese determinationldcdae
expected in the case of deviation from the lingaoit the dependence of manganese
concentration on the analytical signal. The resaoftdhe determination presented in
Table 1 show that dilution of a sample can expdredviorking range of determinable
manganese concentrations substantially.
The repeatability of manganese analytical signas tested by performing a series of 9—
10 measurements in NaHG®olution and drinking water samples for the maegan
concentration range 1.3-5@ I". It has been shown that repeatability does noeuep
on manganese concentration, and the value of velaiandard deviation does not

exceed 0.05-0.06. The analytical signals obtainetheé same solution using different
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mercury films are more scattered; however, everthia case the relative standard
deviation does not exceed 0.10. However, this hmigbktive standard deviation does
not influence the accuracy of manganese deterromégcause the same mercury film is
used during the whole determination procedure ley rttethod of standard additions.
Normally, a mercury film is suitable for at lea€i-IL5 manganese deposition/stripping
cycles. The detection limit evaluation based oreehistandard deviations for the
manganese concentration of 1§ I* gives the value of about O I"* for a 30 s

accumulation time.

Table 1.Determination of manganese is spiked and ditutatkithig water samples.

Condition: drinking water AV sample; fivefold difon with 0.0036 molt NaHCQ;
deposition potential -1.75V; accumulation time iBgjal concentration of manganese in
water was determined by ASV method.

Mn** concentration in a sampleg I* RSD Recovery,
Initial Added Determined (n=3) %

3.4 40 43.8 0.013 100.9

3.4 50 54.3 0.038 101.7

3.4 60 63.6 0.031 100.3

The determination of manganese in drinking watethgyASV method does not
need any pretreatment of a sample, except thatter wample from the tap should be
kept for 0.5-1 hour at room temperature so as leae an equilibrium with air gases.
Ignoring this equilibration time can result in ara® reproducibility of the analytical
signals. Manganese concentrations in such untrehieking water samples have been
found to remain stable for up to one week at roemgerature.

To elucidate the possible interferences with theerti@ination of manganese in
drinking water, the influence of calcium, magnesiand iron ions was investigated.
Normally, drinking water samples AV and VP contalmout 60 mgT of calcium ions,
about 16 mg T of magnesium ions and less than|@5I™ of iron ions (the allowable
maximum value for iron according to is 2Q@ ). Such concentrations of calcium,
magnesium and iron ions were found to have no effeananganese analytical signals;

however, the further artificial increase of calciuamd magnesium concentrations
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gradually decreases the manganese analytical sigr&r example, manganese
analytical signals are roughly two times lower whealcium and magnesium
concentrations 3—4 times exceed the natural ldveé$. possible that these major ions
could form insoluble compounds at the surface @ mhercury film when the near-
electrode layer of the solution becomes more alkatiuring the accumulation step.
However, in spite of the lower analytical signalke manganese concentration
determined by the method of standard additions rimkohg water samples with
increased concentrations of calcium and magnesans is very close to that without
addition of these major ions. One can see from & &blthat a fourfold increase of
calcium concentration and a sixfold increase of meagim concentration practically do
not influence the manganese determination resiuidition of 0.9 mg Tiron ions, i. e.
increasing the iron concentration about ten times comparison with natural
concentrations, has no effect on manganese dewionnresults, either (Table 2).
Moreover, increasing iron ions to at least 1.2 mgdid not decrease manganese

analytical signals.

Table 2. The influence of major cations in drinking waterrmanganese.

Condition: drinking water VO sample; deposition gutal -1.75V; accumulation
time 5s.

Concentration Mn®" concentrationug I (RSD) Recovery,
of ions added before after %
240 mg I c&* 34.8 (0.04) 33.3(0.02) 96
96 mg I' Mg** 33.7 (0.08) 32.5(0.09) 96
0.9 mg I' F&* 36.7 (0.06) 37.1(0.07) 101

Although the speciation of manganese in the wateirenment depends on a
complicated interaction between chemical and miolobical factors, the typical
manganese species in groundwater aré*Noms in weak complexes or ion pairs with
major water anions. Therefore, only a few experitmdrave been performed to test the
possible influence of other than Kirspecies on the manganese determination results. It
has been found that addition of ascorbic acid asdaicing agent to drinking water

samples does not change the manganese determinadialits. This indicates that there
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are no electrochemically inert manganese speciedrimking water. By the way,
manganese analytical signals obtained from thetisaluof permanganate ions are
slightly higher; however, manganese determinatesults by the method of standard
additions are the same as for the solution witf\dpecies.

The results of manganese determination in drinkiager samples by the ASV
method were compared with those obtained by thedatad photometric method
employing formaldoxime. For this purpose, watergamples were divided to two parts,
and manganese content was determined by the AS\plamimetric methods. Results
of a comparative determination are presented iHeT&bOne can see that for drinking
water VP samples in which manganese concentratinges within 70-8Qug I the
results are really very close, whereas for drinkimgter AV (concentration range
2-6 ug ) relative differences are higher. The statistjgaired t-test shows that for a
significance levet = 0.05 the ASV and standard photometric methodsquivalent for
both each type of drinking water samples and th& set of the results. On the other
hand, it should be noted that for low manganeseaumnations the photometric method
can not be considered as very reliable due toigh helative standard deviations of
repeated determinations. Another important advantaf the ASV method is its
insensibility to iron ions, while their interferemes very important for the photometric
method.

Table 3.Comparison of the results of manganese determmatidrinking water
by anodic stripping voltammetry and photometriariafdoxime method.

ASV method Formaldoxime method
Date X -1
Mn, ug | RSD Mn,ug | RSD
Antaviliai wellfield
12 11 2009 5.8 0.05 6.5 0.27
16 11 2009 6.3 0.10 7.3 0.32
17 11 2009 3.8 0.08 9.7 0.10
18 11 2009 3.8 0.03 2.0 0.35
19 11 2009 2.3 0.16 2.4 0.21
Vingio parkas wellfield
12 11 2009 81 0.07 74 0.02
16 11 2009 68 0.07 77 0.02
17 11 2009 70 0.11 70 0.02
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18 11 2009 79 0.01 79 0.01

19 11 2009 78 0.05 81 0.03

3.2. Determination of chromium by catalytic adsorpive stripping voltammetry

Determination of Cr(VI) by catalytic adsorptive igping voltammetry is
extremely sensitive and together very complicatéztteanalytical procedure. The
accumulation step includes two consecutive prosedbe electrochemical reduction of
Cr(VI) to Cr(lll) at a hanging mercury drop eledmin the presence of DTPA ligand,
and the adsorption of Cr(ll)-DTPA complex at thencury electrode surface. During
the stripping step the potential scan in the neggatlirection and electrochemical
reduction of the adsorbed complex Cr(lll)-DTPA ta(I0-DTPA is performed.
Simultaneously the Cr(ll) is immediately oxidizeldetically back to Cr(lll) by nitrate
ions. As a result the substantial enhancement efetactrochemical reduction current
occurs. The interference of Cr(lll) to Cr(VI) detgnation is negligible due to the fact
that the formation of the electrochemically act@elll)-DTPA complex is fast only in
the case when Cr(VI) is converted to Cr(lll) at électrode surface.

The complex combination of chemical and electrodbham processes in
chromium determination by CASV requires the optatian of the experimental
conditions for every particular application. Theimeonditions to be optimized are pH,

concentrations of DTPA ligand

and nitrate ions, the potential and
duration of the accumulation.
The 0.15 mol t sodium

acetate solution has been chosen

Peak height, pA

as a medium with sufficient

buffering capacity for most of

procedures in Cr(VI)

determination. The pH of the

eH

medium was adjusted by the
Fig. 5. The effect of pH on the analytical signals

of Cr(VI). Conditions: 0.15 moli CH,COONa, additions of acetic acid. Figure 5

7 mmol I' DTPA, 0.7 molt NaNQ;, 2 pg ™ jllustrates the effect of pH on
Cr(Vl); accumulation potential -0.9 V,

accumulation time 60 s.
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analytical signals of Cr(VI). It can be concludedm the shape of the curve that the
optimal pH range is 6.0 + 0.2. The deviations frpkh= 6 by £0.5 pH unit result in the

decrease of the analytical signals by 30%. Sineestbck solution of DTPA is basic due
to ammonia added to achieve its better solubitiig very important to adjust the pH of
the solution after the addition of the ligand.

The effect of the DTPA

concentration on the chromium

her analytical signals is shown in
/_L\k_/‘—‘_\‘\* Fig. 6. It is seen that at least

0.6 mmol I* DTPA is necessary

WA

Feak haight,

el to achieve high analytical signals

when Cr(VI) concentration is

o . . . 2 ug I*. Consequently, for the

0 3 B 9 .
DTEA, mmol Cr(VI) concentrations up to

1 .
Fig. 6. The effect of DTPA concentration on the20 ugT the optimal DTPA
analytical signals of Cr(VI). Conditions: 0.15concentration range is about
mol I CH;COONa, 0.7 molt NaNGQ;, 2 pg I™*
Cr(VIl); accumulation potential -0.9 V,
accumulation time 30 s. that Cr(VI) analytical signals

5-7 mmol I*. It has been found

increase linearly when nitrate ion
concentration is increased up to 1 niblNaNO,. Therefore, 0.7 moli NaNGQ,
concentration was used in Cr(VI) determination prhae.

The voltammetric experiments have shown that Cr(gtjuction to Cr(lll) at the
HMDE in the acetate buffer starts at about —0.05dtential. However, the most
efficient adsorptive accumulation of Cr(lll)-DTPAomplex on the mercury surface
occurs at about —0.9 V. This potential has bees@h@s the accumulation potential for
Cr(VI) determination. The analytical signals ingedinearly with accumulation time up
to about 5 min for the Cr(VI) concentration rang&2lpg 1*.

The background voltammogram and three voltammografter consecutive
additions of Cr(VI) under optimized conditions atewn in Fig. 7.

The dependence of the analytical signals on corat@mm tends to deviate from
the linearity when long accumulation times are mggpfor higher Cr(VI) concentrations.

However, if the accumulation times do not exceealid the dependencies are strictly
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linear ¢ ~ 0.9998) at least up to 10 i Cr(VI) concentrations. The repeatability of
Cr(VI) analytical signals has been tested by penfng the series of 10 measurements

for chromium concentration range

0.5-25 pgt. The relative standard
- . _1
ID'E WA deviation for 0.5-2.5 pugl
concentration range is 2.5-3.0%
and about 1.5% for higher
chromium concentrations. The

detection limit evaluation based

Current

3 on three standard deviations for
s Cr(Vl) concentration 0.5 pg'l
gives the value about 0.05 pg |
for 3 min accumulation time.

It has to be noted that

analogous optimization
] | | . .
0.90 115 1.40 experiments of direct Cr(lll)
Potantial, V determination are impossible.

Fig. 7. Voltammograms of Cr(VI) under optimal Immediately after Cr(lll) addition
conditions:1 —1background voltammogra®4 — jts analytical signal can be
1, 2 and 3ug I'” Cr(VI), respectively. Conditions: _
0.15 mol I* CH,COONa, 5 mmolt DTPA, 0.7 observed at the same potential as

mol I-l NaNQ;, 2 ug |'1 Cr(VI), accumulation of Cr(V'), however’ due to the
potential -0.9 V, accumulation time 30 s. _ _
formation of electrochemically

inert Cr(Ill)-DTPA complex it rapidly decreases and20-30 min practically disappears.
The solution of the problem could be the quantimithemical oxidation of Cr(lll) to
Cr(VI) in order to evaluate the total chromium centation and then calculation the
Cr(lll) concentration as a difference between thaalt chromium and Cr(VI)
concentration. Various chemicals can be used f¢HllCoxidation and permanganate
ions are perhaps the optimal choice.

The experiments using permanganate ions have sti@tithe oxidant influences
also Cr(VI) analytical signals. It can be seen freig. 8 that immediately after addition
of 0.05 mmol T permanganate ions to Cr(VI) solution the analytgignals increase

about four times and then come back to initial gailu about 5 min. When 1 mmot |
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permanganate ion concentration is used the Cr(vd)yéical signals increase similarly
but it takes them more than 20 min to come backintbal value. Most likely
permanganate ions contribute to the catalytic eféémitrate ions but simultaneously
their concentration declines due to the reductioocgsses in acetate medium. The
discoloration of the solution when analytical sign@ome back to initial value confirms
the reduction of permanganate ions. Thus it candmeluded that using permanganate
ions for Cr(lll) oxidation the excess of oxidantostd be removed by keeping the

solution for some time in room or higher temperatur

Fig. 8. The influence of
permanganate ions on the
analytical signals of Cr(VI)1, 2
— analytical signals before and
after addition of permanganate
ions, respectively. Conditions:
0.15 moll* CH;COONa, 5
mmol ' DTPA, 0.7 molt

15T

FPeak height, wA

08 1

* NaNGQ;, 4 ugl* Cr(VI), 0.05
mmol I KMnO,; accumulation
’ p , p : potential -0.9 V, accumulation
Time, min time 5 s.

Table 4 illustrates the influence of permanganate addition to Cr(lll) and
Cr(VI) determination results. It can be seen thahe case of Cr(VI) the same results are
obtained both with and without permanganate iombtiaxh. If the solution contains only
Cr(lll) species they are quantitatively oxidizeddadetermined as Cr(VI). When the
mixture of chromium species is analyzed the totatfomium is determined after
permanganate ions addition and only Cr(VI) are riiteed without use of oxidant. It
should be noted that data in the Table 4 demoesalab that chromium concentrations
in the range 2-4 pg'ldetermined using method of standard additionsalaiffer more
than £2% from the values of chromium concentratadded.

In order to determine the amount of chromium smedie cement various
extraction technigues can be used. In this workwhéeer soluble Cr(VI) was leached
from the cement sample by adding 0.1 g dry ceme®Ot ml distilled water. After 24
hours an aliquot of 0.1 ml was taken for chromiuatedmination by optimized CASV

technique using a method of standard additiongdiantification. It can be seen from the
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Table 5 that the difference between Cr(VI) andltokmomium values determined in the
extract is not statistically significant takinganaccount the 95% confidential intervals of
the results. Thus the water extractable Cr(VI) ipm cement can be estimated as about
13 pg ¢ and this value exceeds the 2 piglignit set by EU Directive 2003/53/EC for
water soluble Cr(VI) in cement. Since there wasnfiormation about Cr(VI) content on
the cement package, possibly, the reducing additivere not used in the production of

this type of the cement.

Table 4.Influence of permanganate ion addition on Crid Cr(VI)
determinations results

Conditions: 0.15 moll CH,COONa, 5 mmolt DTPA, 0.7 molt NaNO;
accumulation potential -0.9 V, accumulation timg. 5

Added Determined
Cr(VI), ug I Cr(VI), ug I Cr(VI), pg I Cr(VI), ug I
- 2.0 - 1.97 +0.18
- 2.0 0.05 2.00 +0.25
2.0 - 0.05 2.00 £0.29
2.0 2.0 - 2.03 +0.14
2.0 2.0 0.05 3.97 £0.28

Table 5. Determination of Cr(VI) and Cr(lll) in water andnic acid
extracts of cement

Conditions as decribed in Procedures.

Chromium Water extract HN@extract
content Cr(VI) Cr(V1)+Cr(lll) Cr(VI) Cr(VI)+Cr(lll)
Extract,ug I'* 26.3+7.1 27.3+4.2 25.445.2 108.6+13.2
Cementpug I 13.1+3.5 13.7+2.1 12.742.6 54.4+6.6

Another extraction technique used was dissolvinghefcement sample in nitric
acid. In this case 0.1 g of cement dissolves in 6fraoncentrated nitric acid practically
completely in 15 min. After dilution and removin§tbe negligible amount of insoluble

silicates by filtration an aliquot was taken for@mium determination as in the case of
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water extract. It is seen from the Table 5 thatvV@Qrconcentration determined in the
nitric acid extract does not differ significantlyom value obtained for water extract.
However, the total chromium concentration increagedabout 109 ugh i.e. about
fourfold in comparison with water extract. Consenye Cr(lll) amount in the nitric
acid extract is about 83 pg &nd it makes about 77% of total chromium. The eonof
non-toxic Cr(lll) in cement is not regulated, howeyvit can be considered as an

indicator of chromium coming from raw materials grdduction processes.
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CONCLUSIONS

1. Anodic stripping voltammetry using a mercury filleerode can be successfully
used for manganese determination in drinking wsdenples. The working range
of determinable manganese concentrations can kendgd up to a few hundred
ng I by dilution of samples. The detection limit foB& s accumulation time is
about 0.4ug I!, and the relative standard deviations in the waykiange of
manganese concentrations do not exceed 0.10. @almnd magnesium ions at
real concentrations do not interfere directly witanganese determination.

2. A comparison of the ASV method with the standaratpmetric method for
drinking water analysis has shown the equivalerid®th methods; however, the
ASV method can be used for the determination of lo@nganese concentrations
and is insensitive to iron ions in water samples

3. The catalytic adsorptive stripping voltammetry gsihanging mercury drop
electrode can be successfully used for determimadio chromium species in
cement samples and this technique is simple, $&stsitive and low-cost. The
concentrations of chromium in the electrochemiedl even after dilution of the
cement extracts are of micrograms per liter rangd this far exceeds the
detection limit for Cr(Vl) of 0.05 pg™i Due to this situation the high
reproducibility and short total duration of anag/san be achieved.

4. The total chromium and Cr(lll) concentrations ca@ thetermined after the

quantitative chemical oxidation of Cr(lIl) to Cr(Mby permanganate ions.
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SANTRAUKA

Pasiilytas mangano nustatymo metodas geriamajame vajgdenyersires
voltamperometrijos metodu naudojant gyvsidabriagvelini elektrod. Manganui
nustatyti vandens éginio nereikia chemiskai apdoroti. Optimalios ntgt@o silygos:
kaupimo potencialas —1,75 V, kaupimo truk&-30 s, anodinis tirpinimas atliekamas
naudojant kvadratiis bangos voltamperometrij Mangano aptikimo riba kaupiant j

30 s yra apie 0,49 I

, 0 santykiniai standartiniai nuokrypiai darbiniak@ncentracij
intervale ne didesni kaip 0,10. Realios kalcio, magr gelezies jon koncentracijos
geriamojo vandens éginiuose netrukdo nustatyti mangarMetodo palyginimas su
standartiniu fotometriniu metodu pakgd kad jie yra ekvivalentiSki, t@au
elektrocheminis metodas galiitb taikomas labai mazoms mangano koncentracijoms
nustatyti, be to, jam netrukdo geriamajame vandeagpntys gelezies jonai.

Chromo nustatymui cemente galiitb naudojamas katalites adsorbciés
voltamperometrijos metodas naudojant kal@ngyvsidabrio laso elektrad Terps
sudktis Cr(VI) nustatyti: 0,15 mol CH;COONa, 5 mmolt dietilentriaminpentaacto
ragsties, 0,7 molt NaNO;, pH = 6. Optimalios votamperometrijoslygos: kaupimo
potencialas —0.9 V, kaupimo truknb-10 s, kvadratiés bangos voltamperometrijos
rezimas. Cr(VI) aptikimo riba yra apie 0,05 [ig kantykinis standartinis nuokrypis
nevirsija 3%. IS cemento &giniu chromas iSekstrahuojamas vandeniu arba azoto
ragStimi. Bendras chromo kiekis nustatomas kiekyhiskaiduojant Cr(lll) iki Cr(VI)i
cemento ekstraktpridétais 0,1-0,3 mmol permanganato jonais. Cr(lll) koncentracija

apskadiuojama kaip skirtumas tarp bendro chromo ir Cr(khcentracijos.
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