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Electrochemical behavior of genotoxic 2-aminofluoren-9-one (2-AFN) was investigated by
DC tast polarography (DCTP) and differential pulse polarography (DPP), both at a classical
dropping mercury electrode (DME), and by DC voltammetry (DCV), differential pulse
voltammetry (DPV), and adsorptive stripping differential pulse voltammetry (AdSDPV), all
at a miniaturized hanging mercury drop minielectrode (HMDmE), in buffered aqueous-
methanolic solutions. Optimum conditions were found for the determination of 2-AFN by
DCTP at DME in the concentration range from 1 x 107 to 1 x 10 mol I"! (with a limit of
quantification (Ly) of § x 107" mol I'"), by DPP at DME (from 1 x 107" to 1 x 107* mol I'};
Ly =1x 107 mol I'"), by DCV and DPV at HMDmE (both from 1 x 107 to 1 x 107* mol I'};
Lgs = 2 x 107 and 1 x 10”7 mol I"! for DCV and DPV, respectively), and by AdSDPV at
HMDmE (from 2 x 10 to 1 x 107 mol I'}; Lo=4x 107 mol I"!). Practical applicability of
the developed methods was verified on the direct determination of 2-AFN in model samples
of drinking and river water in nanomolar to micromolar concentrations.

Keywords: Analytical methods; Electrochemistry; Polarography; Voltammetry; Mercury
electrodes; 2-Aminofluoren-9-one; Spiked water samples.

Oxo and/or amino functional group containing derivatives of polycyclic ar-
omatic hydrocarbons (PAHs) are well-known environmental chemical car-
cinogens and/or mutagens frequently contaminating water, soil, and
sediments!2. Therefore, the need of continuous monitoring of such envi-
ronmental pollutants should be raised to the highest priority?. Oxygenated
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PAHs (OPAHSs) are mainly emitted in combustion processes!. However, they
are also produced by heterogeneous reactions of particulate-associated
PAHs with ozone® or as metabolites of PAHs in bacterial and fungal degra-
dation*°. In comparison to OPAHs, amino derivatives of PAHs (APAHs) are
mainly of anthropogenic origin, because they are very useful chemicals
from an industrial point of view?. Therefore, they can be found in a variety
of workplaces and also in the industrial effluents. APAHs have been further
identified in crude oil and oil distillation products, as well as in cigarette
smoke and river water’. Furthermore, APAHs are metabolites of their parent
nitrated PAHs (NPAHs) (refs®?) and can be formed in small amounts by
photoreduction of NPAHs in the atmosphere containing low concentration
of oxygen and high concentration of hydrogen donors, e.g., in wood smoke!©.

The studied compound - 2-aminofluoren-9-one (2-AFN; Fig. 1) - is a bio-
logically active and genotoxic substance!!, which belongs to the group of
amino derivatives of the OPAHs !2. Its occurrence in the environment is
associated mainly with processing and purification of the natural gas in
gas plants (ground water samples taken from these sites often contain a
great variety of aromatic and heterocyclic compounds'? and their metabo-
lites'4-10), 2-AFN was identified using liquid chromatography-mass spec-
trometry (LC-MS) in ground waters sampled in the surrounding of these
facilities!”. In another study!'®, ground water obtained from sediments col-
lected near an oil refinery discharge was toxic to Lumbriculus variegatus fol-
lowing exposure to UV light!?, while organisms exposed to the same
ground water, but without subsequent UV treatment, showed no toxic ef-
fect. Phototoxic fractions analyzed by gas chromatography-mass spectrom-
etry (GC-MS) revealed, among others, the presence of 2-AFN. Dorie et al.?’
also identified 2-AFN using GC-MS in HPLC fractions of heavy duty diesel
exhaust particle extracts.

In living organisms, 2-AFN was shown to be one of the metabolites of
2-nitrofluorene?'-24, since it was identified using LC-MS in urine from rats
treated with 2-nitrofluorene?>2°. The genotoxic effect of 2-AFN as a metab-
olite was investigated in vitro using 3?P-postlabeled DNA adducts and the
formation of a complex DNA-2-AFN was confirmed!!. Under specific condi-
tions, the presence of such adduct can then result in the formation of mu-
tations in the DNA structure and lead to irreversible DNA damage?’.

Although several analytical techniques were used for the identification of
2-AFN 1720 the sensitive method for its determination, to the best of our
knowledge, has not yet been reported. Taking into account that 2-AFN con-
tains two electrochemically active functional groups - cathodically reduc-
ible oxo group and anodically oxidizable amino group - bonded to the
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aromatic rings of fluorene, modern polarographic and voltammetric tech-
niques can be utilized for its sensitive determination??28-30,

In this study, mercury electrodes, which are believed to be the most suit-
able working electrodes for the determination of polarographically reduc-
ible substances because of their easily renewable and atomically smooth
surface and wide cathodic potential window??31-34 were used. Gary and
Day?®, the only ones who previously studied the polarographic reduction of
2-AFN, have found that in a buffered water—acetone mixture at pH values of
the used buffer from 1.3 to 12.0, 2-AFN is reduced in a single two-electron
step throughout the acid and neutral range, and that a separation of corre-
sponding polarographic wave into two waves was not observed until the
pH was raised to about 11. At pH 12.0, the waves were well separated into
two one-electron steps®S. Such polarographic behavior probably represents
the electrochemical reduction of the oxo group to the secondary alcoholic
group, as it is known from the polarographic behavior of unsubstituted
fluoren-9-one36-38,

The aim of this study was to find optimum conditions for the determina-
tion of trace amounts of 2-AFN using modern polarographic and voltam-
metric methods, namely DC tast polarography (DCTP) and differential
pulse polarography (DPP) at a classical dropping mercury electrode (DME),
DC voltammetry (DCV), differential pulse voltammetry (DPV), and adsorp-
tive stripping differential pulse voltammetry (AdSDPV), all at a miniatur-
ized hanging mercury drop minielectrode (HMDmE), and to verify their
practical applicability on model samples of drinking and river water. All the
used electroanalytical techniques are well described in monographs3°-41.
Great sensitivity, especially of DPP, DPV, and AdSDPV %2, and a relatively
low price of instrumentation, in comparison with LC-MS or GC-MS instru-
mentation, are the most important advantages of these methods*344.

o

FiG. 1
Structural formula of 2-aminofluoren-9-one

EXPERIMENTAL

Reagents

A stock solution of 2-aminofluoren-9-one (2-AFN; 98%, Sigma-Aldrich, Prague, Czech Re-
public) in methanol (¢ = 1 x 107> mol 1™') was prepared by dissolving 0.0488 g of the pure
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substance in 250 ml of methanol (MeOH; 99.9%, p.a. purity, Merck, Darmstadt, Germany).
A UV-Vis spectrophotometric study demonstrated that the methanolic stock solution is
stable for at least three months*®. Dilute solutions were prepared by dilution of the stock
solution with MeOH. Britton-Robinson (BR) buffers were prepared in a usual way?®; boric
acid, phosphoric acid (85%), acetic acid (99%), and sodium hydroxide, all of p.a. purity,
were supplied by Lachema, Brno, Czech Republic. An acetate buffer of a concentration of
0.2 mol 1! and pH 4.0 was prepared by dissolving the calculated amount of sodium acetate
trihydrate (p.a. purity, Lachema, Brno, Czech Republic) in the solution of 0.2 mol 17! acetic
acid. Deionized water produced by a Milli-Q Plus system (Millipore, Billerica, MA, USA) was
used. All the solutions were stored in glass vessels in the dark at laboratory temperature.

Apparatus

All electrochemical measurements were carried out using an Eco-Tribo electrochemical ana-
lyzer driven by Polar Pro 5.1 software (all Polaro-Sensors, Prague, Czech Republic). The soft-
ware worked under the operational system Microsoft Windows XP Professional (Microsoft
Corporation, Redmond, WA, USA). The measurements were carried out in a three-electrode
system — platinum wire auxiliary electrode (type PPE), silver|silver chloride reference elec-
trode (type RAE 113, 1 mol I"! KCI) (both from Monokrystaly, Turnov, Czech Republic) and
an appropriate working mercury electrode.

For DCTP and DPP, classical DME was used as the working electrode - the electronically
controlled mercury drop lifetime was 1.0 s and the height of the mercury reservoir was
81 cm (mercury drop lifetime was 3.4 s at this height, measured in 0.1 mol I"! KCI at zero
potential, and the flow rate of mercury through the capillary was 2.22 mg s™!); the scan rate
4 mV s7! was used. For DPP, the pulse amplitude -50 mV and the pulse width 100 ms (with
current sampling for the last 20 ms) were used.

For DCV, DPV, and AdSDPV, miniaturized HMDmE of the UMUE type (Polaro-Sensors,
Prague, Czech Republic) was used as the working electrode - the valve opening time was
450 ms, the mercury drop surface was 1.42 mm?, and the flow rate of mercury through the
capillary was 5.92 mg s™'; the scan rate 20 mV s' was used. The pulse amplitude —50 mV
and the pulse width 100 ms (with current sampling for the last 20 ms) were used in DPV
and AdSDPV.

The pH was measured using the pH meter Jenway 3510 (Jenway, Chelmsford, UK) with a
combined glass electrode.

Procedures

The general procedure to obtain polarograms or voltammograms was as follows: An appro-
priate amount of 2-AFN stock solution in MeOH was measured into a voltammetric cell,
MeOH was added, if necessary, to the total volume 1.0 ml and the solution was filled up to
10.0 ml with BR buffer of appropriate pH. Before each polarographic and/or voltammetric
measurement, oxygen was removed from the measured solutions by bubbling with nitrogen
(purity 4.0, Linde, Prague, Czech Republic) for 5 min. Before entering the voltammetric cell,
nitrogen was first passed through a bubbler containing a MeOH-deionized water mixture in
the same ratio as in the measured solution (1:9); deionized water alone was used in the
bubbler when model water samples were measured.
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All the curves were measured three times and all the measurements were carried out at
laboratory temperature. The wave heights, i.e., limiting diffusion currents (I;;,), recorded us-
ing DCTP were evaluated from the extrapolated linear portions of the currents. The DCV
peak height (I,) was evaluated from the extrapolated linear portion of the voltammogram
before the onset of the peak. The peak heights (represented by the same abbreviation I,)
recorded using DPP, DPV, and AdSDPV were evaluated from the straight lines connecting
the minima before and after the peak. The DPP and DPV peak areas (Q;) were integrated us-
ing a straight line connecting the minima before and after the peak as a baseline. The pa-
rameters of calibration curves (i.e., slope, intercept, correlation coefficient, and confidence
intervals) and other mathematical and statistical quantities (all for significance level o =
0.05; ref.*®) were calculated using software Origin Pro 8.0 (OriginLab Corporation,
Northampton, MA, USA). The limit of quantification (L) was calculated as the analyte con-
centration corresponding to a tenfold standard deviation of the respective response from ten

consecutive determinations at the lowest measurable concentration?’.

Model Samples

The drinking water from the public water pipeline in the building of Faculty of Science of
Charles University in Prague, Prague, Czech Republic and the river water from the Labe river
in Nymburk, Czech Republic (both used without further pretreatment or purification),
spiked with an appropriate amount of 2-AFN stock solution, were used for model samples.
The procedure for the polarographic or voltammetric determination of 2-AFN in the model
samples was as follows: 9.0 ml of a model water sample, spiked with an appropriate amount
of 2-AFN, were filled up to 10.0 ml with 0.2 mol 1! acetate buffer pH 4.0 (acetate buffer
was used instead of BR buffer pH 4.0 for simplification) and, after deaeration with nitrogen,
DP polarograms at DME or DC, DP, or AdSDP voltammograms at HMDmE were recorded.

RESULTS AND DISCUSSION

DC Tast Polarography and Differential Pulse Polarography
at Dropping Mercury Electrode

The influence of pH on polarographic behavior of 2-AFN was investigated
using DCTP and DPP in solutions of MeOH-BR buffer (1:9). It can be seen
in Fig. 2a that 2-AFN gave one well-developed cathodic wave in the whole
investigated pH* (pH of the MeOH-BR buffer (1:9) medium) range from 2.0
to 12.7 (the wave is partly split at the pH* values higher than 3.2); the
half-wave potential (E,,,) of this first wave varied with pH according to the
relationship E;, [mV] = -56.2 pH* - 421.7 (correlation coefficient, R =
—-0.9951). At a pH* higher than 7.3, the second polarographic wave was ob-
served, with E;;, = -1300 mV. However, the second wave was not suitable
for analytical purposes because of its lower I;;,, and deformed shape. The
basic concept of the mechanism of polarographic reduction of 2-AFN at
DME was presented in the introduction of this paper. Nevertheless, this
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early study®® published 50 years ago deserves to be extended and, therefore,
the detailed investigation of the reduction mechanism of 2-AFN at mercury
electrodes is in progress now.

The highest and best-developed first wave was obtained in the medium of
MeOH-BR buffer pH 4.0 (1:9) (pH* 4.1), in which linear calibration
dependences were obtained in the whole investigated concentration range
from 1 x 107 to 1 x 10~* mol 1! of 2-AFN. The repeatability of the determi-
nation of 2-AFN (c = 1 x 10 mol I!) using DCTP at DME, expressed in the
term of the relative standard deviation (RSD), was 0.35% (n = 10). The pa-
rameters of the calibration curves are summarized in Table I.

In good agreement with polarographic behavior of 2-AFN in DCTP at
DME, 2-AFN gave one well-developed cathodic DPP peak at DME in the pH*
range from 2.0 to 12.7 (Fig. 2b), which shifted towards more negative po-
tentials with increasing pH. The peak potential (E,) of this peak varied with
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Fig. 2

DCT polarograms at DME (a), DP polarograms at DME (b), DC voltammograms at HMDmE (c),
and DP voltammograms at HMDmE (d) of 2-AFN (¢ = 1 x 10* mol 1Y) recorded in the
MeOH-BR buffer (1:9) medium; the BR buffer pH: 2.0 (1), 4.0 (2), 6.0 (3), 8.0 (4), 10.0 (5), and
12.0 (6)

Collect. Czech. Chem. Commun. 2011, Vol. 76, No. 12, pp. 1775-1790



1781

Electrochemical Determination of 2-Aminofluoren-9-one

“(50°0 = 0 ‘o01) uonedyHUENb Jo W[ O JUAYII0d UONRPIId Y "9686°0- = ¥ ‘(b1 F ¥-)
+ [1rouwnm] o(e°s F ¢ 9= ) + [o-1 glowm] 2(F%°0 F ¥S°T) = [vu] n_C 9866°0—- =¥ (L°€ F 9°6€-) + [T Town] 2(%'T * N.Sw + [, glown]
2@10F £L0) = [vyu] I, 168660~ = ¥ éw 10D) + [T Towm] 2(£°T F 6°92-) + [,_1 Jlown] 2(#10°0 F £F1°0) = [vu] T , :suonenbs
EMEOE%MOQ [ewr1o} %D memeQva puaI1} Ieaulj-uou a9yl Yyim mwuﬁw—ugmﬁwﬂ uonelnuaduod 5 WW0.0 = 0 [9A9] wuﬁmuﬂﬁﬁwﬁm 93} je Oloz

woxy JuRIKIp Apuedyrusdis A[[eonsiers jou are sydodiajul  {(S0°0 = 0) sHWI 2dUPHU0d 1addn pue 1MO] Y3 Jussaidar sfearaiu] ,

0T X ¥ 18660~ q98°0 F S€°0~ 9T ¥ 658~ g Ol X T—,0Ix¢C 0% ud
- 68660~ 7’1 F60- CC F 868~ 01 X T -0l x¢ Iofngsojelade  [[oW 0 JWANH e AdASPY
;01 % 1 £866°0~ 4SL0F TLO TIFELh g0l *x1-,00lx1
- Jo Jo o cOT XT -4 0T x¢C (6:1) 0% Hd
- £€866°0— 0%+ €691 190°0 ¥ 890C- ;0L X1 - 401l %x7¢ Iopng Yd-HO°N JWANH e Add
;01 xC 9L66°0~ qS9°0 F 6270~ 'l +F¥¥ve- o Ol X T—,0TxT
- 29" 29~ 29" Ol X T -9 0Ll %xTC (6:1) 0% Hd
- 88660~ 8CTFI'E€Cl- VOO FE€CLT- 0L XT—-¢0l%xT D_IMq Yd-HO2N JWANH ¥ ADd
;01 % 1 £666°0~ STOFEF0-  STOFIPPI- 40l x1-,00xI
- 76660~ €CFO6Y SEOFIC6I-  (OTXT—y0I%xTC (6:1) 0% Hd
- po po po p-0L X 1= 01 %T 13PN Y9-HOW TAA ¥ ddd
;01 X ¢ 8660~ 408°0 F S8°0~ €TI0 F vES— Ol XT -4 0T %xT (6:1) 0% Hd
- €666°0~ 6’9 F 161~ 010 ¥ 19°S— 30l X 1T -, 01l %xX7¢ Iopng YId-HO°N dNdA e d1LOd
_[ [ow vu [ ,_[ow yux _[ [ow
1 1 1
Oq q ,Adadroyug ,2dors UOT}RI}UDUO)) nipsN anbruyaL
soanbru
-yo9) ompwweljoa pue diydeiSorejod snomea Suisn NJy-g JO UOIRUIUIIAIOP U3} IO0J S9UI[ IYJILI}s UOTIRIQI[Ed 9y} JO SIdjoUIRIR]
[ 419V],

Collect. Czech. Chem. Commun. 2011, Vol. 76, No. 12, pp. 1775-1790



1782 Hajkovd, Vyskocil, Daithel, Wang, Barek:

pH according to the relationship E, [mV] = -52.2 pH* - 410.2 (R = -0.9858).
The second, and much lower, peak was observed at pH* from 10.0 to 12.7.

Analogously to DCTP investigation, the medium of MeOH-BR buffer pH
4.0 (1:9) was used for construction of calibration curves. The calibration
curves were linear within the concentration range from 1 x 107 to 1 x 10-°
mol I"! of 2-AFN and their parameters are summarized also in Table I. The
calibration dependence for concentrations from 2 x 10 to 1 x 10* mol 1!
showed a non-linear polynomial trend (Fig. 3); the repeatability of the de-
termination of 2-AFN at the highest concentration 1 x 10™* mol I-! was
0.38% (n = 10). On the other hand, the concentration dependence con-
structed using an integrated peak area (Q,) was linear in this concentration
range and could be described by formal linear equation Q, [nC] = (-187.5 £
1.4)c [umol 1] + (=552 + 95), R = -0.9999. Moreover, a linear shift in the
peak potential towards more negative values with decreasing concentration
was observed.

An explanation of this potential shift and non-linear concentration de-
pendence on the peak current in the concentration range from 2 x 10~ to
1 x 10™* mol 1! of 2-AFN can be seen in the electrode reaction and its
mechanism. Probably, the reduction of 2-AFN involves two independent re-
duction steps at higher concentrations of 2-AFN. The first reduction step
occurring at less negative potentials influences the symmetry of DPP peak
(see Fig. 3) and, therefore, the I, dependence on the concentration is
non-linear, whereas the value of the peak area remains unaffected in this

-500 500 700 800 20 40 60 80 100
Evs Ag|AgCl [mV] clumol IM

FiG. 3
a DP polarograms of 2-AFN recorded at DME in the MeOH-BR buffer pH 4.0 (1:9) medium.
Concentrations of 2-AFN [mol I"1]: 0 (1), 2 x 107° (2), 4 x 107 (3), 6 x 107 (4), 8 x 107° (5), and
1 x 107 (6). b The corresponding calibration curves constructed from the evaluated peak
heights (blue points) and peak areas (green points); the confidence bands are constructed for
o=0.05(n=23)

Collect. Czech. Chem. Commun. 2011, Vol. 76, No. 12, pp. 1775-1790



Electrochemical Determination of 2-Aminofluoren-9-one 1783

case and the Q, dependence on the concentration of 2-AFN is linear. For
analytical purposes, the calibration dependence for lower concentrations of
2-AFN was also evaluated using the Q, values. In the concentration range
from 2 x 107° to 1 x 10> mol 1! of 2-AFN, the dependence can be expressed
by formal linear equation Q, [nC] = (-234.6 + 7.3)c [umol 171 + (=313 + 48),
R = -0.9981. For the lowest investigated concentration range, the depend-
ence of the Q, values on the concentration of 2-AFN showed no simply de-
scribable trend.

The limits of quantification (Lns) attained for 2-AFN in DPP at DME us-
ing the I, and Q, values were 1 x 10”7 and 5 x 10~" mol I}, respectively. Be-
cause of more complicated evaluation of DPP peak areas and higher L,
reached, the classical evaluation of DPP responses from peak current seems
to be more suitable for lower concentrations of 2-AFN.

DC Voltammetry and Differential Pulse Voltammetry
at Hanging Mercury Drop Minielectrode

Electrochemical behavior of 2-AFN was further characterized using DCV
and DPV at HMDmE. 2-AFN gave one well-developed cathodic DCV and
DPV peak in the whole investigated pH* range from 2.0 to 12.7 (Figs 2¢ and
2d). The E, value of these peaks varied with pH according to the relation-
ships E, [mV] = -46.6 pH* — 486.2 (R = -0.9985) and E, [mV] = -46.9 pH* -
439.2 (R = 0.9983) for DCV and DPV, respectively. The second voltam-
metric peak (unsuitable for analytical purposes) was observed at pH* from
8.2 to 12.7. The calibration dependences evaluated from the first 2-AFN
peak were measured, similarly as for polarographic techniques, in the
mixed medium of MeOH-BR buffer pH 4.0 (1:9); the repeatabilities of the
determination of 2-AFN at the highest concentration 1 x 10~* mol I"! were
0.62% (n = 10) and 1.0% (n = 10) for DCV and DPV, respectively.

For both DCV and DPV, the obtained calibration curves are linear within
the concentration ranges from 1 x 10~ to 1 x 10" mol I"! and from 2 x 10>
to 1 x 107 mol I"! and their parameters are given in Table I. The calibration
dependences for 2-AFN concentrations from 2 x 107 to 1 x 10~ mol 1!
were not linear. This trend, similar to that observed in DPP at DME, is well
seen in Fig. 4, where the whole concentration range, measured using DCV
at HMDmE, is shown. An increased attention will also be paid to the inves-
tigation of this interesting phenomenon during our further research in this
area.

As well as in the case of DPP at DME, the Q, values can be used for
construction of linear calibration curves of 2-AFN in DPV at HMDmE.
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Such dependences can be expressed by formal linear equations Q, [nC] =
(<17.4 + 1.0)c [umol 1"'] + (=618 + 35), R = -0.9981 (for 2 x 10°-1 x 10~
mol 1) and Q, [nC] = (-42.4 £ 2.3)c [umol I"'] + (=213 % 16), R = -0.9940
(for 2 x 10°-1 x 10~> mol I-!). Unfortunately, the attained Lo = 1 x 1076
mol I"! is again higher in comparison with that obtained using the I, values
(Lqg =1 x 107 mol I1).

-300F

I [nA]
3

p

o'l 1 1 1 1 1
0 20 40 60 80 100

clumol I']

FiG. 4
Concentration dependence of the peak heights of 2-AFN obtained using DCV at HMDmE in
the MeOH-BR buffer pH 4.0 (1:9) medium. The dependence is shown for the whole measured
concentration range and is distinguished for particular concentration ranges from 1 x 107/ to
1x 10 mol 17! (blue points), from 2 x 10°% to 1 x 107 mol I (green points), and from
2x 107 to 1 x 10~ mol I"! (violet points) of 2-AFN. The error bars are constructed for o = 0.05
(n=23)

Adsorptive Stripping Differential Pulse Voltammetry
at Hanging Mercury Drop Minielectrode

For further decrease of the limit of quantification obtained for 2-AFN by
DPV at HMDmE (L, = 1 x 107), a possible utilization of the adsorption of
2-AFN on the electrode surface was tested using AASDPV at HMDmE. It has
been previously found that the presence of methanol decreases the adsorp-
tion of the test substance on the surface of HMDmE (refs?*42). Therefore,
the determinations of 2-AFN using AdSDPV were carried out in the absence
of methanol in the supporting electrolyte.

The influence of pH on voltammetric behavior of 2-AFN (¢ = 1 x 1077
mol 1) was investigated using AASDPV at HMDmE in BR buffers of pH 2.0,
7.0, and 12.0 and in 0.2 mol 1! acetate buffer pH 4.0. The accumulation po-
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tential (E,.) was changed from 200 mV at pH 2.0 to -400 mV at pH 12.0,
always before the onset of corresponding voltammetric peak, and the accu-
mulation time (f,..) was 60 s. The best-developed voltammograms were ob-
tained in 0.2 mol I"! acetate buffer pH 4.0 at the optimum E,.. = 100 mV
(Fig. 5a). Under these conditions, the optimum f,.. was chosen 120 s
(Fig. 5b); peaks were well developed and longer accumulation times were
not useful, probably because of concurrent adsorption of other substances

present in very low concentrations in the supporting electrolyte.

-80 -120
a b
60 = -100¢ * e
L =
— K 3 —
E 40} s E 60}
- ~2 40 L g
20}
20}
-
& 200 0 -200 -400 -600 0 0 60 120 180 240 300
E,__vs AglAgCl [mV] t.[s]
FiG. 5

Influence of (a) accumulation potential (AdSDPV with t, .. = 60 s) and (b) accumulation time
(AdSDPV with E, . = 100 mV) on the peak current of 2-AFN (c = 1 x 10”7 mol I"!) at HMDmE in
0.2 mol I'! acetate buffer pH 4.0. The error bars are constructed for oo = 0.05 (n = 3)

The calibration curves were constructed for the concentration range from
2x 107 to 1 x 107 mol I'1. The I,, value is proportional to the concentra-
tion of 2-AFN in the whole investigated concentration range (see Table I).
AdSDP voltammograms corresponding to the lowest attainable concentra-
tion range are depicted in Fig. 6. Higher concentrations of 2-AFN were not
measured due to the possibility of using DPV or DPP technique.

Direct Determination of 2-Aminofluoren-9-one
in Drinking and River Water

The optimum conditions found above for polarographic and voltammetric
determinations of 2-AFN using DPP at DME and DCV, DPV, and AdSDPV at
HMDmE were used for direct determination of 2-AFN in model samples of
drinking and river water. The BR buffer pH 4.0 was replaced by 0.2 mol 1!
acetate buffer pH 4.0 for simplification (9.0 ml of spiked drinking or river
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FiG. 6
AdSDP voltammograms of 2-AFN recorded in the lowest concentration range at HMDmE in 0.2
mol I acetate buffer pH 4.0; t,.. = 120 s, E,.. = 100 mV. Concentrations of 2-AFN [mol 17!]:
0(1),2x107(2),4x107 (3), 6 x 107 (4), 8 x 10~ (5), and 1 x 1078 (6). Inset: The correspond-
ing calibration straight line; the confidence bands are constructed for oo = 0.05 (n = 3).
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E vs AglAgCl [mV]

-600  -650

FiG. 7
DP voltammograms of 2-AFN recorded at HMDmE in the spiked river water-0.2 mol I"! acetate
buffer pH 4.0 (9:1) medium. Concentrations of 2-AFN in river water [mol 1‘1]: 0(1),1x 107
(2),2x 107 (3), 4 x 107 (4), 6 x 107 (5), 8 x 1077 (6), and 1 x 107° (7). Inset: The correspond-
ing calibration straight line; the confidence bands are constructed for oo = 0.05 (n = 3).

Collect. Czech. Chem. Commun. 2011, Vol. 76, No. 12, pp. 1775-1790



1787

Electrochemical Determination of 2-Aminofluoren-9-one

uonepIod Y ‘$866°0- =¥ (% F 0°6¢-) + [;I Townd] 2(9'1 F
+ [ rown] o(g L F 9 0~ ) + o1 gow] ;2(65°0 F 88°'T) =

2010 F ¥50) = [vu] I, 1286'0- = ¥

q €1 ¥

9¢-) + [1 Toum] 2(8°% *
[erwoudjod [ewio} Aq passaidxa puai} Iedul[-uou JY3} YIM $DUdpuUdop UOIIRIIUIIUOD
WOIJ JUIJIIP Appuedyrusdis A[[ednsieis jou are sydadiaiur [[e q

'(s0°'0 = © ‘o01) uonyedoyyryuenb jo jrwar \oq JUBIIJJ0D
3 } 1 3

L 81-) + [, ;fow] ,2(€1°0 F 26°0) =
[vul U7, 186670~ = ¥ (S'€ F Z'1¢-) + [1 fown] 2(¢'1 F
Jown] 2(0%°0 F

6°02-) + [1

[vul 9 5 ‘82260~

) =

q (61 F 1%0)
9°CT-) + [, Jrown]
I :suoryenba

(60’0 = 0 [9A9] DUROYTIUSIS U} e 0IdZ

{(S0°0 = ) syrwI] 2dUapyuod 12ddn pue 19mO] Y3 Judsaidar sfeariu] ,

g-0L x ¢ §286°0~ 650 ¥ 06'1— 88 F SEVI— 0L X 1T =500 %x7¢ Iojem I9ALL
60l X ¥ 15660~ 12°0  SC0~ 1€ F €€9- g0l X1 -,01l%x7¢

- L¥86°0— CCFOV- €€ F 8¢9~ 0L X1 -500l%x¢ I9em Sun{uLIp JWANH e AddSPY
0L x ¢ L8660~ LV'0F6E°1 840 F LEVE- -0l X 1= ,01L%x1

- P P P O XT-40I%xC 191eM IOATI
g-0L X 8 €L66°0— 660 F 0L 9l + €6V -0l X T - ,00l XTI

- Jo~ Jo~ o~ 0L X T =900l %xT 193em SunyuLp JWANH e Add
0L x¢ 9L66°0~ SY'0F ¥8°0 ¥L'0F L6°EC— -0l X1 —-,00l%T1

- o Yo o GOLXT -0l %xT I9)BM IDATI
01 x 1 78660~ SS'0F L9°1— 160 ¥ ¥0'9¢— -0l X 1T —-,00l%1

- P poT P Ol X T -9 0Ll %XT Ioem Sun{uLIp JWANWH ¥ ADd
0L % 1 7,660~ 6£°0F 80°'1— §9°0 ¥ €C°0C— -0l X 1= ,01L%x1

- 66660~ S9°0 ¥ ¥9°0— 1'0 ¥ €C°€C Ol X T =900l %xTC Iojem I9ALL
0L X 1T 8966°0— 9%'0 F ¥C'1- 940 F ¥8°0C— -0l X T - ,00l %1

- 66660~ 850 ¥ 6C°¢C 96’0 ¥ ST'¥¢C— 0L X T =900l %xTC 193em SunyuLp JANA e ddd

_[ Towr yu 1 ,_[owr yuwr _[ jou

T T 18

O d T CRICHGI| ,dors UOTIBIUIUOD) XIEW anbruyaa

(1:6) 0'% Hd 19HNQq 3e30E | [ [ow Z'Q-o[dues I19jem [9POW JO SINIXIUI Y} UI A[[EILIIIUWIWILI[OA
10 AqreoryeiSorejod pamseawr ‘Iajem Jo sardures [Ppowr Ul NV-Z JO UOHRUIWIRP 9y} 10J SAUI[ IYSTeI)s UOnjeIqIed 9y} JO SIdjowere

11 419V,

Collect. Czech. Chem. Commun. 2011, Vol. 76, No. 12, pp. 1775-1790



1788 Hajkovd, Vyskocil, Daithel, Wang, Barek:

water were filled up to 10.0 ml with 0.2 mol 1! acetate buffer pH 4.0). All
the parameters of measured calibration straight lines are summarized in
Table II and, for the sake of an illustration, DP voltammograms of 2-AFN,
obtained at HMDmE in the lowest measurable concentration range from
1 x 107 to 1 x 10°® mol 1! of 2-AFN spiked into the river water, are de-
picted in Fig. 7.

CONCLUSIONS

In this work, polarographic and voltammetric methods, based on the reduc-
tion of the aromatic oxo group at mercury electrodes, were developed for
rapid and sensitive determination of the genotoxic environmental pollut-
ant 2-aminofluoren-9-one (2-AFN). Electrochemical behavior of 2-AFN was
studied in buffered aqueous-methanolic media (in the volume ratio of 9:1)
in the pH range of the Britton-Robinson (BR) buffers used from 2.0 to 13.0.
The optimum medium for its determination in micromolar and submicro-
molar concentrations using DC tast polarography (DCTP) and differential
pulse polarography (DPP), both at a classical dropping mercury electrode
(DME), and using DC voltammetry (DCV) and differential pulse voltam-
metry (DPV), both at a miniaturized hanging mercury drop minielectrode
(HMDmE), was found to be methanol-BR buffer pH 4.0 (1:9). The obtained
limits of quantification (Lqs), all in the concentration order of 107 mol 1!
of 2-AFN, are comparable to those achieved using UV-Vis spectrophoto-
metry (Los = 1 x 107 mol I}; ref.**). An attempt to further increase the sen-
sitivity of the determination using adsorptive stripping differential pulse
voltammetry (AdSDPV) at HMDmE, under simplified optimum conditions
(0.2 mol 1! acetate buffer pH 4.0) with accumulation potential 100 mV and
accumulation time 120 s, was successful, with the Ly = 4 x 102 mol 1! of
2-AFN.

The practical applicability of the newly developed methods (excluding
DCTP at DME because of its lower sensitivity) was verified on model sam-
ples of drinking and river water, with Lys in the submicromolar and even
nanomolar concentration range of 2-AFN. Extreme sensitivity of these
methods can be further increased by their combination with a preliminary
separation and preconcentration of the analyte using liquid-liquid or solid
phase extraction?®, which is an object of our further investigations.
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