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Abstract

Capillary zone electrophoresis (CZE) with UV detection (254 nm) was applied to characterize aquatic dissolved humic matter (DHM) from
different environmental sources (lake, river and sea waters, in all 15 different samples). A series of separation examples of DHMs using a
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olyvinyl alcohol (PVA)-coated silica open tubular capillary were carried out in a phosphate buffer (40 mM) as a background e
t neutral acidity (pH 6.8). The separative power of electropherograms was reasonable and the reproducibility was above the
lectropherogram was characteristic of the corresponding humic sample. Special functional fulvic and humic acids or their overa
eparated with XAD, DAX and DEAE sorbing solids as well as the original dissolved organic matter (DOM) were nicely differ
ccording to their environmental sources. The PVA coating of open tubular silica capillaries seems to be very potential in elect
haracterization and separation of different humic solutes at neutral acidities with low sample concentrations thus permitting a
echnique, in a growing series of CZE studies, for better compared results from different studies.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Hundreds of CZE analyses have been carried out at short
otice in the studies of macromolecular natural organic mat-

er (NOM) using numerous electrolytes at different acidities
e.g., see Refs.[1–4]). It is essential to bear in mind that
everal operational definitions between so-called humic sub-
tances (or more accurate humic matter, HM) and the abbre-
iations of NOM and DOM are in reality like a line on the
ater. The electrophoretic separations have been performed
lmost invariably by uncoated fused-silica capillaries using
asic (pH 8–9) background electrolytes and different com-
lexing agents (e.g., borate buffers) or other powerful mod-

fiers. As a general rule, these studies have one relation in
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common: their contribution to the advancement of our
derstanding of so-called humic substances, excepting
special cases (e.g., see Ref.[5]), is mostly limited because
is quite impossible to compare results from different stud
and it is not known whether variations are caused by sa
properties or experimental conditions.

It has been demonstrated[6–8] that miscellaneous mani
ulations of acidity, buffer composition and other variab
will generate informative electropherograms for hu
solutes by using simple uncoated fused-silica capilla
However, according to the general literature, many probl
e.g., the electro-osmotic flow (EOF), sorption effect and
influence of powerful complexing agents, exist in stu
of humic solutes by uncoated fused-silica capillaries.
that reason, it is meaningful to try reducing the variatio
several variables by utilizing coated capillaries mainly
to two reasons[9]: (1) to prevent the wall interaction with th
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sample and (2) to reduce the EOF effect. Neutral coatings
are usually bi-layers, consisting first a bound phase to shield
the silanol groups followed by a hydrophilic polymer to
prevent hydrophobic interaction. This property makes them
ideal for the separation of complex samples, containing
different sorts of ionic functional groups and hydrophobic
structural components, enhancing the resolution of the elec-
tropherograms by suppressing the EOF effect and reducing
the band broadening induced by analyte–wall interactions
[10–12].

Unaccountably, the utilization of coated open tubular cap-
illaries for suppression of EOF in CZE studies of so-called hu-
mic substances is relatively uncommon and only a few com-
ments can be found (e.g., see Ref.[13]). On the contrary, the
molecular sieving effect, especially the utilization of different
non-cross-linked polymer solutions, has been more popular
in the humus chemistry[14–18]. This modification (so-called
physical gels or entangled polymer solutions), generally ap-
plied by uncoated silica capillaries, increases buffer viscosity,
mostly generates better separative power through the sieving
effect and also serves dynamic deactivation against the inner
capillary wall.

On the other hand, it has been recently demonstrated[19]
by a thorough study using different CZE applications that the
simple PVA coating (a non-charged polymer consisting of
maximum hydrophilicity) of silica capillaries offers a prac-
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2. Experimental

2.1. Reagents

All solutions and buffers were prepared from analyti-
cal (p.a. or HPLC) chemicals and ultra-pure water (Elgastat
UHQ-PS). Forty millimolars of phosphate buffer at pH 6.8
was prepared from sodium dihydrogen phosphate and dis-
odium hydrogenphosphate. All the solutions were degassed
in an ultrasonic bath and filtered through 0.45�M PTFE
membrane filters (Titan) before the experiments.

2.2. Capillary

The dimensions of PVA-coated silica capillary (Agilent
G1600-61419) were: 100�m internal diameter, 64.5 cm to-
tal length and 56.0 cm effective length. The capillary was
pre-washed daily before sample injections for 15 min with
the electrolyte solution at 940× 102 Pa and conditioned for
2 min without pressure with−10 kV voltage. At the end of
daily experiments the capillary was rinsed with the electrolyte
solution (5 min), water (15 min) and finally dried with air-
flow (10 min). For more thorough cleaning the capillary was
rinsed with 10 mM phosphoric acid.

2.3. Instrumentation
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ical technique for the CZE characterization of aquatic
ic solutes with moderate resolution of electropherogr

ven without extra inorganic or organic modifiers. This
ious work[19] also spoke, irrespective of the fact that hu
onstituents in urea solutions undergo slow changes r
ng from denaturation process or some formation of hu
omplexes with buffer solutions may also be potential
hat the overall effect of the urea modifier on the resolu
f electropherograms was practically rather slight comp
ith the pure water as the sample solvent, i.e. struc
hanges of DHM–DOMs were nonexistent, and no for
ion of humic complexes with the applied buffer solution w
bservable, especially when using PVA-coated open tu
apillary. On the contrary, the acidity and concentratio
he applied phosphate buffer solution were the most cr
arameters.

The main objective of this work was to demonstrate
ractical adaptation of PVA-coated silica open tubular

llary for CZE analyses of different DHM–DOMs. Pho
hate buffer (40 mM) with pH value (6.8) characteri

or natural fresh waters was applied to CZE characte
ion and differentiation of 15 aquatic DHM–DOM samp
riginating from different environmental sources. The s
HM–DOM samples were dissolved in 5 M urea–water
lightly improving the resolution of electropherograms. A
ome electrophoretic parameters were calculated for d
nt DHM–DOM samples. The multidimensional data se
btained was examined with principal component ana
PCA) for confirming the fingerprinting ability of the diffe
nt electropherograms.
CZE experiments were performed on an HP3DCE capil-
ary electrophoresis system (Hewlett-Packard) equipped
diode array detector at 254 nm. Operation of the instrum
ata collection and analyses were controlled by ChemSt
oftware. The polarity was negative, voltage of−10 kV, tem-
erature 25◦C, total run time 35 min. Samples were injec
ydrodynamically using pressure of 5000 Pa for 10 s.
olved organic carbon (OC) measurements were perfo
n Shimadzu TOC-5050 Carbon Analyser utilizing cata
xidation at 680◦C.

Relative UV254 nm-absorbances{(UV absorbance a
54 nm/OC of the original sample, mg l−1) × 100}were cal-
ulated for the electropherograms irrespective of the fac
he actual OC concentration of the migrated sample is
xactly known but the influence of the viscosity on inj
ion volumes between different samples was assumed
light and quite constant. The standardized relative UV254 nm-
bsorbances make the results more comparable with
ther. The common meaning of the UV254 nm–OC ratio in

he water chemistry is to indicate the aromaticity of the s
le.

.4. Samples

Natural fresh water humic samples were isolated from
ake Savoj̈arvi (S: February 1988, SS: September 1994)

rom the Lake Mustaj̈arvi (Mu: October 1999) situated
outhwestern part of Finland. The International Humic S
tances Society reference samples of Nordic aquatic h



J. Peuravuori et al. / Talanta 67 (2005) 103–111 105

acid (No.HA, code IR105H) and fulvic acid (No.FA, code
IR105F) were isolated from the runoff water of a Norwegian
mire. Other humic samples were isolated from the territory of
Estonia: one river water sample from the River Pirita (Pirita,
January 2001), two sea water samples from the estuary of the
River Pirita (PiritaM, February 2001) and the seaside of the
island Saaremaa in the Baltic Sea (MaasiM, February 2001),
two lake water samples from the Lake Koigi (Koigi, August
2000) and from the Lake Maardu (Maardu, November 2000).

The DHM–DOMs from the S and SS samples were
isolated with the well-known conventional sorbing solid
technique at pH 2 using the Amberlite® XAD-8 resin and
further divided at pH 1 into functional humic (HA)- and
fulvic (FA)-acid fractions using the method applied to the
Nordic reference humic samples. Furthermore, in the case
of the SS water sample the DEAE cellulose was applied for
isolating the integrated whole of practically all humic solutes
at the natural acidity and this DHM–DOM sample is sub-
labelled as SS.DEAE. In the case of the water sample Mu,
the DHM–DOM was isolated with the XAD technique using
both the non-ionic acryl ester-based Amberlite® XAD-8
resin (isolated humic extracts are sub-labelled as Mu.XAD)
and the Supelite

TM
DAX-8 resin (isolated humic extracts are

sub-labelled as Mu.DAX). The isolation procedure with the
DAX-8 resin was analogous to that of XAD-8 resin. Like-
wise, the DEAE isolation procedure was applied to the Mu
w sub-
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estimated using the known literature values measured by 13C
NMRsolid state[20,21,24,25]for the aromaticities of No.-, S.-
, SS.- and Mu.DHM samples (10 examples). Syringic acid
served as an extraordinary reference compound for propor-
tioning absorptive capacities (integrated areas of obtained
electropherograms) of different DHM–DOMs at 254 nm to
the known aromaticities obtained by 13C NMR. The fit
(aromaticity254 nmversus aromaticity13C NMR) thus generated
was quite reliable (r2 = 0.98) permitting the estimation of the
aromaticities for the five unknown DHM–DOM samples.

3. Results and discussion

3.1. CZE of aquatic DHM–DOM in phosphate buffer

The electropherograms of 15 different aquatic humic sam-
ples are shown inFigs. 1–3(also blanks were analysed to
confirm that absolutely no extra peaks, caused by the buffer,
were detected with the PVA-coated capillary).Table 1shows
some essential characteristics and electrophoretic parameters
connected withFigs. 1–3. The reproducibility of the elec-
tropherograms for all DHM–DOM samples as well as for
the syringic acid was good. The precision was estimated as
an average standard deviation of the mean electropherogram
within the whole migration time range using duplicate deter-
m rams
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ater sample and the macromolecular organic acids are
abelled as Mu.DEAE. The humic solute isolates SS.DE

u.XAD, Mu.DAX and Mu.DEAE were not, howeve
urther divided at pH 1 into functional HA- and FA-type a
ubfractions. The isolation procedures and the chemical
cteristics of the freeze-dried No.FA, No.HA, S.FA, S.H
S.FA, SS.DEAE, Mu.XAD, Mu.DAX and Mu.DEAE hu
ic fractions have been reported[20,21]in detail previously
The DHM–DOMs of the Estonian fresh and sea w

amples were isolated also with the XAD column techn
sing exceptionally the non-ionic Sigma–Aldrich XAD-
esin. The obtained humic concentrates (Pirita, Pirit
oigi, Maardu and MaasiM) were not divided at pH 1 i

unctional HA- and FA-type subfractions but they rep
ented the integrated whole of the DHM–DOM in qu
ion. The XAD-16 isolation procedure as well as some b
hromatographic properties of the different Estonian aq
HM–DOMs have been reported previously[22,23].
The weighted DHM–DOM samples were first dissolve

nown volumes of water for verifying their capacity for O
he weighted DHM–DOM samples were further dissol

n 5 M urea and filtered (0.45�m) before the CZE analyse
he calculated OC contents of different DHM–DOM c
entrates in their 5 M urea solutions were between 13
41 mg l−1. The applied urea concentration in the orig
S water sample was also 5 M. All DHM–DOM solutio
ere analysed after 5 days of preparation, according
revious study[19], for obtaining practically enough repr
ucible results. The aromaticity for Estonian DHM–DO
amples (Koigi, Pirita, PiritaM, Maardu and MaasiM) w
inations (differences between replicated electropherog
ere moderate constant confirming the validity of the te
ique). Small differences between estimated (254 nm)
aticities and corresponding literature values (13C NM

peak for the validity of the choice of syringic acid as a re
nce compound in computation the unknown aromaticiti
stonian DHM–DOMs. The inclusion of syringic acid a
ontributed to the interpretation of the electropherogram
he ground that aromatic structural subunits of DHM–D
onstituents resemble it.

The average electrophoretic mobilities inTable 1(AEM,
2 s V−1) were calculated for the DHM–DOM peaks tak

nto account the electrophoretic velocity (νe, m s−1) and the
lectric field strength (E, V m−1) according to the equatio
EM = νe/E= (Ld/tm)/(V/Lt),whereLd is the length of th
apillary to the detector,Lt the total length of the capillary,V
he applied voltage andtm is the migration time. The AEM
s a normalized parameter permits, in principle, the com

sons with similar literature samples. However, the utiliza
f many literature AEM values, especially generated
ncoated bare fused-silica capillaries, is quite insignifi
esulting from so-called ‘humic humps’. Accordingly, t
ifferent AEM values given in the literature reference[1] are
uite close to each other, independent of the DHM–D
ample, thus producing a weak discriminating factor.
he other hand, the AEM values of the present stud
able 1vary in the case of all DHM–DOM isolates fro
2.72× 10−8 to−4.12× 10−8 m2 s V−1. This range of vari
tion is significantly greater than that given in the litera
eference[1] for several fresh water DHM–DOM samp
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Fig. 1. Electropherograms of different lake water DHM-DOM fractions and original lake water DOM in 40 mM phosphate buffer (pH 6.8). CZE conditions:
voltage−10 kV; PVA coated capillary, 64.5 cm× 100�m i.d. (effective length 56.0 cm); injection hydrodynamic 5000 Pa for 10 s; samples 0.15 mg ml−1 in
5 M urea; detection 254 nm; applied sorbing solids were XAD-8 resin and DEAE cellulose. In the case of SS.DEAE the DHM-DOM isolate is not divided into
functional HA- and FA-type subfractions.
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Fig. 2. Electropherograms of three different lake water DHM–DOM fractions. CZE conditions the same as inFig. 1. Applied sorbing solids were XAD-8 and
DAX-8 resins and DEAE cellulose. DHM–DOM isolates were not divided into functional HA- and FA-type subfractions.

(from−3.8× 10−8 to−4.0× 10−8 m2 s V−1), thus speaking
for the significance of the coating of the silica capillaries. It
was also possible in the present study, because of the moder-
ately good resolutions of the electropherograms, to determine
the accurate electrophoretic mobilities (EM) for the separated
distinct sub-constituents (peaks), as shown inTable 1.

Fig. 1demonstrates that electropherograms of functional
FA-type subfractions of DHM–DOM resemble enough each
other. The same phenomenon also occurs but weaker in the
case of functional HA-type subfractions. Despite the fact
that exactly the same XAD isolation technique was applied
for these natural fresh waters originating from different en-
vironmental conditions, these humic solute fractions must
play a role as certain definite entities and they cannot be
merely accidental ones of the isolation procedure, as reported
previously[20]. The electropherogram of the SS.DEAE dif-
fered relatively much from those of S.FA. SS.FA or S.HA.
This is quite natural because the SS.DEAE fraction was iso-
lated at the natural acidity by the DEAE cellulose technique,
and this isolate was not acid-precipitated into functional FA-
and HA-type subfractions. The close similarity between the
electropherograms of SS.DEAE and the corresponding orig-
inal water sample SS is readily understandable because the
SS.DEAE isolate accounts for about 80% of the OC in the
original lake water[26]. In Fig. 1 the distinct and well-
r SS is

remarkable taking into account its very low organic carbon
content.

Fig. 2 shows the electropherograms for the three
DHM–DOM isolates obtained by three different sorbing
solids from the lake water sample Mu. The electropherograms
of the Mu.DHM isolates obtained by XAD-8 and DAX-8
resins and DEAE cellulose resemble closely each other. This
similarity is, in all probability, result of the fact that these
isolates were not fractionated at pH 1 into functional FA and
HA subfractions but they represented the integrated whole of
the applied isolation technique in question. The characteris-
tic feature inFig. 2 is the existence of a sharp peak at the
migration time of about 25 min. Because this sharp peak is
present in all electropherograms it evidently represents a true
electrophoretic fraction being representative of the special
nature of the lake water Mu.

Fig. 3 summarizes the electropherograms for two lake
waters, two sea waters and one river water DHM–DOMs
collected from Estonia. All these five samples were isolated
by a non-ionic styrene–divinylbenzene XAD-16 resin fol-
lowing the common so-called XAD column-technique based
on certain hydrophobic–hydrophilic interactions between
organic solutes and the sorbing solid under the preadjusted,
very acidic conditions. These DHM–DOM isolates were
not further divided into functional FA and HA subfractions.
The most striking outcome is, in addition of the very
esolved electropherogram of the original water sample
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Fig. 3. Electropherograms of isolated water DHM–DOM fractions originated from different aquatic environments. CZE conditions the same as inFig. 1.
Applied sorbing was XAD-16 resin. DHM–DOM isolates were not divided into functional HA- and FA-type subfractions.

close resemblance between the electropherograms of the
DHM–DOMs obtained from the River Pirita and its estuary,
also their uniformity with that obtained from the Lake Koigi.
The electropherograms of Koigi, Pirita and PiritaM were
characterized by sharp ‘shoulder’ peaks at the migration time
of about 20 min. The shapes of these three electropherograms
resemble roughly those presented inFig. 1for functional FA-
type subfractions. This, together with the fact that functional
FA subfractions of DHM–DOMs retained on non-ionic
sorbing solids at acidic conditions account for about 85%
of the total DHM–DOMs in organically coloured waters
common to Nordic countries, Northern Russia and Canada,
supports the view that a general resemblance dominates
between hydrophobic humic solutes originating from similar

environmental conditions and that the products obtained
are at least to a certain degree real and not just accidental
outcomes of the applied non-ionic sorbing solid matrix[27].
The close resemblance prevailing between the DHM–DOMs
obtained from the River Pirita and its estuary speaks for
the important and permanent effect of the surface runoff
on the sea water DHM–DOM. The electropherogram of
the Lake Maardu is totally different from all the others ob-
tained from fresh waters in the present study. One reason
for this irregularity may be the special water composition of
this lake (a polluted lake in the district of Tallinn[23]). The
PVA-coated capillary was also able to generate a reasonably
informative electropherogram for a sea water DHM–DOM
(Baltic Sea, MaasiM) despite its low organic carbon content.
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Table 1
Characteristics of DHM–DOM samples together with electrophoretic data

Sample Peak maximum
(min)

EMa (×10−8)
(m2 s V−1)

Average peak
maximum (min)

AEMb (×10−8)
(m2 s V−1)

OCc

(mg l−1)
Aromaticity Precisionf

(±%)254 nm (%)d 13C NMR (%)e

No.FA 17.15 −3.51 17.18 −3.50 75.1 36.5 37.1 17.7
18.72 −3.22

S.FA 17.78 −3.39 17.79 −3.38 76.3 30.4 27.8 16.3
19.01 −3.17

SS.FA 16.93 −3.56 16.92 −3.56 76.6 29.9 25.9 15.8
19.63 −3.07

No.HA 17.47 −3.45 19.3 −3.12 77.3 39.6 45.2 16.7
19.30 −3.12

S.HA 19.73 −3.05 19.73 −3.05 74.7 38.0 39.2 15.1

SS.DEAE 16.62 −3.62 16.63 −3.62 75.4 32.9 32.0 14.8
20.20 −2.98
24.18 −2.49

SS (original
water)

16.91 −3.56 16.89 −3.56 17.7 16.5 18.0 13.5
19.87 −3.03

Mu.XAD 17.99 −3.35 18.01 −3.34 71.0 31.0 34.7 18.2
18.59 −3.24
20.06 −3.00
22.59 −2.66
24.55 −2.45

Mu.DAX 17.36 −3.47 17.05 −3.53 72.1 31.5 34.8 14.4
20.59 −2.92
25.07 −2.40

Mu.DEAE 16.57 −3.63 16.58 −3.63 60.5 33.8 33.9 15.7
16.98 −3.55
25.22 −2.39

Koigi 16.25 −3.70 16.22 −3.71 141.2 37.0 18.5
19.57 −3.08

Pirita 15.95 −3.77 15.94 −3.78 97.5 35.0 16.3
19.55 −3.08

PiritaM 15.11 −3.98 15.12 −3.98 22.8 17.5 23.5
19.92 −3.02

Maardu 14.60 −4.12 14.60 −4.12 19.2 14.0 15.1
23.17 −2.60
25.18 −2.39

MaasiM 15.30 −3.93 22.15 −2.72 13.1 5.8 22.8
16.81 −3.58
22.16 −2.72
24.44 −2.46
29.98 −2.01

Syringic
acidg

29.04 −2.07 29.04 −2.07 163.5 2.8

a Electrophoretic mobility at the peak maximum.
b Average electrophoretic mobility.
c Carbon content in the 5 M urea solution.
d Estimated at 254 nm.
e Literature value[20,21,24,25].
f Relative reproducibility of the mean electropherogram (P0.95).
g 4-Hydroxy-3,5-dimethoxybenzoic acid [CAS 530-57-4].
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Fig. 4. Graphical 2D perspective of projections of the electrophoretic data
set on the first two principal components for the distribution of the different
DHM–DOM isolates.

The electropherogram of the sea water sample MaasiM and
its aromaticity inTable 1verify the special nature of the sea
water DHM–DOM in comparison with the organic composi-
tion of the fresh water DHM–DOMs.

3.2. Differentiation of electrophoretically characterized
DHM–DOMs according to their origin

For better extraction of the small differences obtained by
CZE analyses and to find a stronger similarity–dissimilarity
between samples together with their environmental ef-
fects, the electropherograms ofFigs. 1–3 were slightly
manipulated. The multidimensional data set of the electro-
pherograms was examined closer with a statistical–graphical
principal components analysis (PCA)[28]. The original data
set (3500 data points, interval 0.01 min) was reduced, owing
to the computational capacity, to smaller size (229 data
points, migration time between 12.04 and 28.00 min, interval
0.07 min) yielding enough resolving power. For the PCA,
from the 15× 229 matrix (15 objects, DHM–DOM isolates,
and 229 variables, relative UV254 nm-absorbances) variances
and covariances were computed. From these, Eigenvectors
and Eigenvalues for the original data set have been extracted.
The fundamental idea of the PCA is to reduce the numerous
variables and to seek for linear combinations of those
v ly,
P the
E ures
t set.

red
t two
p 6%
o s as
a ation
c sam-
p on

PC1 had those electrophoretically separated DHM–DOM’s
sub-constituents whose migration times were about 13–15
and 21–26 min. Similarly, on PC2 the interrelation between
the different DHM–DOM samples was predominantly based
on those electrophoretically separated DHM–DOM’s sub-
constituents whose migration times were about 13–15 and
17–21 min.

The different DHM–DOM samples inFig. 4were divided
into five main groups: (1) (No.HA, S.HA); (2) (S.FA, SS.FA,
No.FA); (3) (Mu.XAD, Mu.DAX, Mu.DEAE); (4) (Koigi,
Pirita, PiritaM); (5) (SS, SS.DEAE). The sea water sam-
ple MaasiM and the lake water sample Maardu formed their
own positions as outliers. The same similarity–dissimilarity
between the different DHM–DOM samples is also partly
foreseeable directly from the original electropherograms of
Figs. 1–3but the multidimensional projection permits general
features of the data set in compressed form.

Fig. 4shows that the groups 1, 2, 4 and partly 3 are closely
located at the negative values of PC1. On PC2 the groups 1, 2
and 4 are clearly separated from each other but the interrela-
tion of the groups 3 and 5 on PC2 is equal. The DHM–DOM
samples of Koigi, Pirita and PiritaM isolated by the XAD-
16 resin formed a separate group of their own (4). The most
likely reason for this is the utilization of the XAD-16 sorbing
solid instead of XAD-8 or DAX-8 resins but the local en-
vironmental conditions can also have their special influence
o t of
t rent
D the
D AE,
e t the
X was
t r, in
a g
p oper-
t y of
t f the
s ore
f ter.

4

• ated
of
of
hos-
and
r of

• aled
ong

ther
CA
ethod
the
ariables explaining most of the variability. According
CA (Eigenanalysis) and subsequent inspection of
igenvector plots is one of the first and foremost proced
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Fig. 4 shows the 2D scatter-plot of projections (refer

o also as scores) of the original data set on the first
rincipal components (the overall level of statement is 7
f the total variance for the first two PCs). PC1 serve
coarse discriminating factor and the unresolved vari

ontributes to more specific discrimination between the
les on PC2. The most powerful discriminating effects
n the composition of the DHM–DOM. The same effec
he applied sorbing solid on the interrelation of the diffe
HM–DOM samples is also slightly seen in the case of
EAE cellulose isolates (samples Mu.DEAE and SS.DE
xpress a coarse structural analogy). It is notable tha
AD-16 isolates were not freeze-dried after isolation as

he case with the XAD, DAX and DEAE isolates. Howeve
previous study it has been shown[29] that the freeze-dryin
rocess had no significant effect on the spectroscopic pr

ies of the bulk of humic solutes speaking for the stabilit
he structural composition, i.e. fluorescence properties o
tudied DHM–DOM solutes were practically equal bef
reeze-drying and after re-dissolving the dried solid mat

. Conclusions

The results emphasize the applicability of the PVA-co
capillary for the characterization and differentiation
aquatic DHM–DOM by CZE. The separative power
electropherograms was moderately good using a p
phate buffer as a background electrolyte at neutral pH
relative low concentration of urea–water as a modifie
the sample itself.
The PCA analysis of the electrophoretic data reve
the existence of five different sub-constituents am
the analysed DHM–DOM samples. However, it is ra
difficult to draw thorough conclusions as to the P
analysis because the CZE is an extremely sensitive m
containing certain internal distractions in relation to
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very heterogeneous nature of aquatic DHM–DOM. This
being the case, the PCA analysis readily overstress the
influence of the applied isolation technique on the minor
structural differences between different DHM–DOM’s
compositions, even if a certain general resemblance of
humic constituents originated from similar environmental
conditions is assuredly seen.

• Irrespective of the fact that it is in all probability
impossible to separate the original very complex and
heterogenous DHM–DOM polyelectrolytes to distinct
sharp electrophoretic patterns by electrophoretic methods,
the PVA-coated capillaries offer a tool to work with very
low sample concentrations and enable rapid fingerprint
characterizations of different DHM–DOM samples.
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