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Abstract

Using a large-scale system for the separation and concentration of aquatic humic substances, a fulvic acid
(FA) sample was isolated from the surface water in Lake Biwa (156 m’), in which this had been known as a
clear water system in Japan, and was sampled during the autumn of 2001. We obtained a powdered sample
(18 g) of the Lake Biwa fulvic acid (LBFA) and compared its chemical properties with those of aquatic and
soil FAs in previous reports. Liquid-state "H and *C nuclear magnetic resonance (NMR) spectroscopy re-
vealed that the LBFA was higher aliphatic and lower aromatic properties than FAs from colored waters and
soils. These results in the elemental analysis also supported such characteristics, determined from the NMR
spectra. The high-performance size-exclusion chromatography (HPSEC) revealed that the LBFA had at
least several major components with different molecular weight distributions. The weight-average molecu-
lar weight of the LBFA was estimated to be 884 Da (relative to the standard samples of polystyrene sulfo-
nate sodium). The three-dimensional fluorescence spectrum indicated a maximum peak corresponding to
the humic-like fluorophores, but no other distinct peak. These results led to a conclusion that LBFA is
mainly derived from degraded and modified materials of microbial residues and microbial metabolites in
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the Lake Biwa.

Introduction

Aquatic humic substances (AHSs) are complex,
heterogeneous organic macromolecules that are
chemically or biologically synthesized from biogenic
substances (e.g. plankton, microorganisms, etc.) or
their degradation products (Aiken et al., 1985), occur
in all types of natural waters (rivers, lakes, seas, or
groundwater) in the world (Stevenson, 1994), and
forms complexes with organic pollutants, heavy met-
als, radionuclides, and mineral nutrients (Aiken et al.,
1985; Steinberg, 2003; Tipping, 2002). Therefore, it
is important to examine the chemical properties of
AHSs and their interactions with other organic or

mineral compounds in aquatic environments.

The inherent chemical properties of AHSs are de-
termined on the basis of both their place of origin
and the genetic environment (Malcolm, 1990;
Thomsen et al., 2002). Many researchers have used
commercial humic samples from chemical compa-
nies such as Sigma-Aldrich Co. (St. Louise, USA),
Wako Pure Chemical Industries Ltd. (Osaka, Japan),
and Nakarai Tesque Inc. (Kyoto, Japan). However,
these commercial products are not considered to be
appropriate for the use as analogues of true soil and
aquatic humic substances (Malcolm and MacCarthy,
1986). The International Humic Substances Society
(IHSS) provides several standard and reference AHS
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samples obtained from natural waters: Suwannee
River FA; Nordic Lake FA; Pony Lake FA (IHSS
home page; http://www.ihss.gatech.edu/). However,
chemical properties of the IHSS samples are consi-
derably different from those of AHSs derived from
clear water systems that are distributed widely in the
temperate zones. For example, Suwannee River and
Nordic Lake FAs were prepared from a river and a
lake existing in a peaty area, respectively, and Pony
Lake FA was isolated from fresh pond water with a
high dissolved organic C (DOC) concentration (up to
100 mg C L") and high salinity (McKnight et al.,
1994). Hence, if one would design to elucidate the
nature and reactivity of AHS in clear water, isolating
AHS samples from appropriate clear water systems
should be required. However, technical difficulties
lay in AHS mass isolation due to its low concentra-
tions in clear water. As a result, limited information
is available on the properties of AHS in clear water
systems.

To overcome this problem, we developed a
large-scale preparative system from the separation
and concentration of AHS from clear water systems.
By using this apparatus, we attempted to obtain large
amounts of an AHS sample from Lake Biwa in Japan
for use as standard samples from clear water system.
Lake Biwa is considered to be the best location for
collecting AHS samples from typical clear water,
because it has the largest water surface area and im-
poundment in Japan. Since the quality of the humic
acid (HA) sample obtained from Lake Biwa by nor-
mal treatments was undesirable because of the high
ash content, we focused on the Lake Biwa fulvic acid
(LBFA) only. The purpose of this study was to elu-
cidate the chemical characteristics of the LBFA by
means of elemental analysis, liquid-state nuclear
magnetic resonance (NMR) spectroscopy,
high-performance size-exclusion chromatography
(HPSEC), and three-dimensional (3D) fluorescence
spectrophotometry. To reveal the differences and
similarities between the samples, we also compared
the chemical characteristics of LBFA with those of
FAs obtained from other environmental sources such
as soils, waters, and so on.

Materials and methods

Samples
The surface water was collected in north basin of
Lake Biwa—Kitakomatsu, Otsu, Shiga Japan, in Au

tumn 2001 (between 17 October and 9 November)
(Fig. 1). The collection point was 50 m away from
the shore and 50 cm in depth.

Lake Biwa is the largest lake in Japan, located at
Shiga prefecture, and originated in the Pliocene
about four million years ago. The area is 670.25 km’,
and the impoundment is 275 km’. The lake has 3174
km® of the watershed. Eighty seven percent of the
soil around the watershed is classified as brown for-
est soil. Mean annual precipitation in the area is 1584

mm.
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Fig. 1. Sampling site of LBFA —Kitakomatsu, Otsu in
Shiga, Japan.

Isolation of LBFA

Using a system for the separation and concentra-
tion of AHS (Fig. 2) that was settled at the lakeshore
near of the water collection point, the AHS in Lake
Biwa was isolated. Approximately 10 m’ of water per
day was continuously filtrated (<0.45um), adjusted
to pH 2 using HCI, and passed through 40 kg of
DAX-8 resin (Supelite DAX-8, Sigma-Aldrich Co.,
St. Louise, USA), in which the 156 m’® of water were
totally applied to the system on site; subsequently,
the DAX-8 resin adsorbing the AHS was carried to
the laboratory under cool temperature (5 °C). Treat-
ment procedures for the DAX-8 resin adsorbing the

(10 ton/day)

Cartridge Filter ettty
Natural (10, 1.0, 0.45 pm)
‘waters

Mixer
PH6.0-8.0

Fig. 2. A separation and concentration system of humic
substances in clear water.
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AHS in the laboratory were based on the IHSS me-
thod (Thurman and Malcolm, 1981). The AHS was
eluted from the resin using 0.1M NaOH aqueous and
HA and FA were then separated by adjusting the so-
lution to pH 1.5. The FA (supernatant) was converted
to the hydrogen form by passing through an H'-type
cation-exchanger (Amberlite IR120-B, Organo Co.,
Tokyo, Japan). Finally, powdered FA sample was
obtained by freeze-drying. First, we checked the
elemental compositions, and found to be high ash
content (more than 10%) in the first isolated FA. This
may affect the NMR analysis and 3D-fluorecence
spectroscopy. Therefore, the FA should be re-purified
by HCI-HF treatment twice (Swift, 1996). The ash
content in the LBFA was reduced up to 2.1%. Nagao
et al. (2007) also describe the detailed procedures for
isolation and purification of the LBFA.

Elemental Analys

The elemental analysis was done by a CHNS/O
analyzer (240011, ParkinElmer Japan Co., Yokohama,
Japan), using 2 mg of the dry sample. Ash content of
the LBFA was determined after combustion of 10 mg
of the dry sample at 550°C in a muffle furnace for 4
hours.

Liquid-state NMR Spectroscopic Analysis

The experiments were performed with a Bruker
AVANCE 500 spectrometer (Bruker GmbH, Karlsruhe,
Germany) operating at 500.13 MHz for 'H and at
125.77 MHz for ®C. Sample tubes of 5 mm in di-
ameter were used. Solution of the LBFA was pre-
pared by dissolving 50 mg of sample in a mixture of
0.02 mL of 5 M NaOD (99.99%, Sigma-Aldrich Co.,
St. Louise, USA) and 0.4 mL of D,0O (99.99%, Sig-
ma-Aldrich Co., St. Louise, USA) solution. For the
chemical shifts, sodium 3-trimethylsilylpropionate-2,
2, 3, 3, D, (TMSP; Euriso-top, Saint Aubin, France)
was used as a reference material (0 ppm). 'H signals
were obtained by the homo-gate decoupling tech-
nique under following conditions: pulse width 90°;
acquisition time 5.4 s; pulse delay 4.8 s. The HOD
proton (4.8 ppm) of water impurities was irradiated,
and 8 scans were accumulated. "°C signals were col-
lected basing on proton decoupling by the inverse
gated decoupling technique as following conditions:
pulse width 45°; acquisition time 0.2 s. A total repeti-
tion time of 2.5 s was applied to permit relaxation of
all the spins, and 10000 scans were accumulated. To
improve the signal-to-noise ratio, a line broadening

of 20 Hz was employed.

Chemical shift assignments were referred to Wer-
shaw (1985) and Kawahigashi et al. (1996) for
'H-NMR spectroscopy, and Wilson (1980) and Fuji-
take and Kawahigashi (1999) for “"C-NMR spec-
troscopy. Aromaticity was calculated by expressing
the aryl and O-aryl C (110-165 ppm) as a percentage
of the alkyl, O-alkyl, aryl and O-aryl C (5-165 ppm)
(Hatcher et al., 1981; Watanabe and Fujitake, 2008).

HPSEC Analysis

The HPSEC system was consisting with a Waters
600E pump, a Waters 717 plus autosampler, a Waters
2487 UV-visible detector, and a Waters 2410 refrac-
tive index detector (Waters Co., Milford, USA). A
column (Shodex SB803 HQ, 8.0x300 mm (¢xL),
exclusion limit of 100,000 Da, Showa Denko Co.,
Tokyo, Japan) and a guard column (Shodex OHpak
SB-G, 6.0x50 mm (¢xL), Showa Denko Co., Tokyo,
Japan) were used. The mobile phase consisted of a
0.01 M phosphate buffer at pH 7 (15%) and acetoni-
trile (25%). A 30 pL aliquot of the sample solution
(ca. 0.2 mg L") was injected into the HPSEC system.
Molecular weight of LBFA was calculated by a GPC
analysis software (Millenium 32-J, Nihon Waters Co.,
Tokyo, Japan) using standard samples of polystyrene
sulfonate sodium salt (PSSNa). Other detailed pro-
cedures are described in a previous report (Asakawa
et al., 2008).

Fluorescence Spectrophotometry

A Hitachi F-4500 fluorescence spectrometer (Hi-
tachi High-Technologies Co., Tokyo, Japan) with a
150-W ozone-free xenon lamp was used to obtain
three-dimensional excitation-emission matrix
(3D-EEM) contour plot of aqueous LBFA according
to the method by Nagao et al. (1997). The 10 mg L™
of LBFA aqueous in 0.01 M NaClO, at pH 8.0 was
placed to a quarts cell (10 mm x 10 mm) and then set
to the spectrometer. The spectrum was collected at
excitation wavelength (Ex.) from 200 to 500 nm and
emission wavelength (Em.) from 200 to 600 nm at 5
nm intervals, and voltage of photomultiplier voltage
was set at 400 V. Relative fluorescence intensity
(RFI) of the samples was expressed, in terms of qui-
nine standard unit (QSU). Ten QSU corresponds to
the fluorescence intensity of quinine sulfate (10uL™
in 0.05 M sulfuric acid aqueous) at an excitation
wavelength of 350 nm and an emission wavelength
of 455 nm.



48 Humic Substances Research Vol.5/6 (2009)

Results and Discussion

Amounts of AHS

The average DOC concentration at the sampling
sites in Lake Biwa was 1.3 mg C L' during the study
period (water information system maintained by the
Ministry of Land, Infrastructure and Transport, Ja-
pan; http://www]1.river.go.jp). This value is lower
than the DOC concentrations of colored river waters
(5-50 mg C L") (Malcolm, 1985) or lake waters (ca.
15.2 mg C L") (Steinberg and Muenster, 1985) in the
United States. It is also considerably lower than the
DOC concentrations in Suwannee River (ca. 25-75
mg C L") (Averett et al., 1994), Pony Lake (up to
100 mg C L") (McKnight et al., 1994), and Helle-
rudmyra Tarn (ca. 10-25 mg C L") (Averett et al.,
1994), which are the sampling sites from where the
THSS standard and reference samples, namely Su-
wannee River FA, Nordic Lake FA, and Pony Lake
FA, respectively were procured (IHSS home page;
http://www.ihss. gatech.edu/). On the other hand, the
DOC concentrations in fresh river waters (1.5-10 mg
C L") (Malcolm, 1985) or groundwater (0.2-13 mg
C L") (Thurman, 1985) are similar to that in Lake
Biwa. Therefore, the Lake Biwa water sample used
in this study was regarded as a typical clear water
sample in terms of DOC level.

Using our novel large-scale preparative isolation
system, we obtained 18.0 g of LBFA and 9.6 g of HA

(poorly cleanup fraction) from 156 m’ of water from
Lake Biwa. The LBFA concentration, which was
estimated from its yield, was 0.12 mg L (18.0 g /
156000 L). This means that the percent C of the
LBFA can be estimated to be ca. 5.1% of DOC in the
sample water (0.12 mg L' x 0.56 / 1.3 mg C L'';
where 0.56 was C ratio by elemental data in Table 1).
This value was considerably lower than the average
percentages of FAs in fresh river waters (45%)
(Malcolm, 1985) or in Lake Biwa water (15-41%)
(Sugiyama et al., 2005). This suggests that there may
be scope for improving the preparative isolation sys-
tem to increase the FA recovery rate.

Elemental Composition

Elemental composition of LBFA and other FAs in
the literatures are summarized in Table 1. The ele-
mental composition of LBFA was similar to that of
Lake Fryxell and Lake Hoare FAs, which were iso-
lated from Antarctic clear lake waters (McKnight et
al., 1994). However, C and N contents in the LBFA
were different from those of Pony Lake FA, which
was from another Antarctic clear lake water and was
one of the THSS reference samples. The C, H and N
contents in the LBFA were higher than those in the
colored waters (Suwannee River and Nordic Lake
FAs) and those in clear water (Ogeechee Stream FA).
According to McKnight et al. (1991) and Mao et al.
(2007), the high N contents in the three of Antarctic

Table 1. Elemental Composition (Weight %, ash and water content free) and H/C and O/C ratio of LBFA and those of

other FAs from literatures listed in the table.

Sample C% H% N% 0% H/C O/C  Reference

LBFA 56.1 6.06 231 355 1.30 0.47

Lake Fryxell FA 55.0 5.50 3.10 349 1.20 0.48  McKnight et al. (1994)
Lake Hoare FA 54.9 550 290 35.7 1.20 0.49  McKnight et al. (1994)
Pony Lake FA' 52.5 5.39 6.51 314 1.23 0.45  http://www.ihss.gatech.edu/
Nordic Lake FA? 523 3.98 0.68 45.1 0.91 0.65  http://www.ihss.gatech.edu/
Suwannee River FA® 52.4 4.31 0.72 42.2 0.99 0.60  http://www.ihss.gatech.edu/
Ogeechee Stream FA 54.6 4.97 0.87 38.2 1.09 0.52  Malcolm (1985)

fresh water FA (n=63)* 46.7 4.20 2.30 45.9 1.10 0.75  Rice and MacCarthy (1991)
groundwater FA (n=3)* 60.1 5.70 0.90 31.6 1.13 0.40  Thurman (1985)

marine FA (n=12)* 45.0 5.90 4.10 45.1 1.56 0.77  Rice and MacCarthy (1991)
lake-sediments FA (n=5)* 45.0 5.12 7.63 423 1.34 0.72  Ishiwatari (1985)

soil FA (n=127)* 453 5.00 260 462 1.35 0.78  Rice and MacCarthy (1991)

! THSS reference sample (1R109F). 2 IHSS reference sample (1R105F). 3 IHSS standard sample (1S101F). * average values of samples.
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clear water lake FAs may be explained by the ab-
sence of lignaceous precursors in the diagenetic for-
mation of dissolved FAs; lignaceous precursors con-
taining no N would be diluents of the N content of
dissolved FAs formed in the other aquatic environ-
ments. Therefore, LBFA may be less influenced by
lignin components derived from terrestrial plants.
The average elemental contents of FAs, isolated
from various sources, are also listed in Table 1.
However, these differences were not sufficiently
prominent. In fact, the C content of LBFA was sub-
stantially different from the average C contents of
fresh water FAs, lake- sediment FAs, marine FAs and
soil FAs, respectively (Ishiwatari, 1985; Rice and
MacCarthy, 1991), but similar to the average N con-
tents of fresh water FAs and soil FAs (Rice and
MacCarthy, 1991). The diagram of H/C vs. O/C ratio,
referred as the van Krevelen diagrams (van Krevelen
1961), has been often employed by various workers
to illustrate compositional differences among HAs
and FAs from various origins. The LBFA plotted in
the diagram (Fig. 3) occurs in the upper area of soil
HAs and the left outside of soil FAs’ area (Yone-
bayashi and Hattori, 1988), indicating high aliphatic
properties and a low degree of humification (Kuwat-
suka et al., 1978). Although the three of Antarctic
clear lake water FA lie adjacent to LBFA, the LBFA
separated from other FAs and commercial humic
substances. Although these results are not convincing
enough to concretely define the differences or simi-
larities between LBFA and other humic samples, they
provide supportive evidence for the interpretation of
the NMR data, as described in the following section.

1.5
@ Lake Fryxell FA

@ Lake Hoare FA

@ Pony Lake FA

@ Nordic Lake FA

® Suwannee River FA

® Ogeechee Stream FA

(@ fresh water FA (Av., n=63)
@® groundwater FA (Av., n=3)
®© marine FA (Av., n=12)

T T 0 lake-sediments FA (Av,, n=5)
) T Humic acwd in @ soil FA (Av., n=127)

0.5 | *ae” hUriEd humic sail X commercial materials

1.0

Atomic H/C ratio

0.2 0.4 0.6 0.8
Atomic O/C ratio

Fig. 3. Diagram of H/C versus O/C ratios of LBFA.
Surrounded areas are illustrated by referring to Yone-
bayashi and Hattori (1988). “x” in Fig.3 indicates com-
mercial samples from Malcolm and MacCarthy (1986).
Other symbols were plotted from data in Table 1.

NMR Spectra

The '"H-NMR spectrum of LBFA (Fig. 4) exhibited
large sharp signals originating from protons of ter-
minal methyl groups attached to saturated aliphatic C
in the range from 0.0-0.9 ppm. These signals are
commonly observed in the 'H-NMR spectra of FAs
isolated from aquatic environments (e.g., Suwannee
River FA) (Thorn et al., 1989). The signals of protons
on C attached to oxygen—sugars, olefins, and me-
thoxyl groups (3.0-4.3 ppm) were smaller in the
LBFA spectrum than in the spectra of soil FAs
(Thorn et al., 1989) or HAs (Kawahigashi et al.,
1996; Fujitake et al., 2003; Fujitake, 2007). Moreo-
ver, the signals of protons attached to C of heteroa-
romatic and aromatic rings, and carbonyl
groups-bonded to electronegative groups (6.0-9.0
ppm) were minimally detected in the LBFA spectrum,
unlike in the spectra of typical aquatic or soil FAs
(Thorn et al., 1989; Malcolm, 1990; Fujitake, 2007).

The quantitative "C-NMR spectrum of LBFA (Fig.
5) exhibited four major broad peaks in the regions of
10-66 ppm, assigned to alkyl and partly to O-alkyl
C; 66—100 ppm, assigned to O-alkyl C; 110-160 ppm,
assigned to aryl and O-aryl C; and 160-190 ppm,
assigned to carboxylic C. The broad peaks that were
assigned to alkyl and O-alkyl C (10-66 ppm) were
considerably higher than those assigned to aryl and

o
o
~
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B B
10 5 0
Chemical shift & (ppm)

Fig. 4. "H NMR spectrum of LBFA

@D 0-0.9 ppm (protons on the terminal methyl groups
attached to saturated aliphatic protons); @ 0.9-1.6 ppm
(protons on methylene £ attached to olefins or aromatic
rings); 31.6-3.0 ppm (protons on methyl and methy-
lene « attached to aromatic carbons, carbonyl groups,
ester groups, and olefins); @ 3.0-4.3 ppm (protons on
the carbon attached to oxygen-sugars, olefins, and me-
thoxyl groups); ® 6.0-9.0 ppm (protons attached to the
carbon of heteroaromatic and aromatic rings and to the
carbonyl groups bonded to electronegative groups)
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O-aryl C (110-160 ppm) or carboxylic C (160—190
ppm) in the LBFA spectrum. This indicates that
LBFA has aliphatic rich properties. These results are
similar to those obtained for other aquatic FAs (e.g.,
Suwannee River and Pony Lake FAs) in the previous
reports (Thorn et al., 1989; McKnight et al., 1994).

In addition, the "C-NMR spectrum of LBFA exhi-
bited many well-resolved and sharp peaks that supe-
rimposed on the major broad peaks. These features
have never been observed in the spectra of other ag-
uatic or soil FAs. The most intense peaks in the
LBFA spectrum were apparent at approximately 29
ppm and 39 ppm, and the other peaks were observed
at approximately 63, 75, 120, 142, and 186 ppm. The
presence of well-resolved peaks in the spectrum
suggests that some other simple chemical compounds
may incorporate into and/or coexist with the LBFA
molecule.

The composition of C species in LBFA, as esti-
mated on the basis of the ?C-NMR spectrum, is pre-
sented in Table 2. The proportion of alkyl- +
O-alkyl-C species (5-110 ppm) for the LBFA
(62.9%) was similar to those for Pony Lake and Lake
Fryxell FAs (63-70%) (McKnight et al., 1994), but
was considerably higher than those for Suwannee
River FA (IHSS home page: http://www.ihss.gatech.
edu/), Inogashira and Dando FAs (42-49%) (Fujitake,
2007). Moreover, the aromaticity for the LBFA
(0.21) was lower than those for Suwannee River,
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Fig. 5. '*C NMR spectrum of LBFA

O 5-45 ppm (alkyl C); @ 45-110 ppm (O-alkyl C);
®110-145 ppm, aryl C; @145-165 ppm (O-aryl C);
® 165 to 190 ppm (carboxylic C); ® 190-220 ppm
(carbonyl C)

200

Inogashira, and Dando FAs (0.33-0.42). The Pony
Lake and Lake Fryxell FAs were considered to have
originated from algae and other plankton, because
these lake waters in the Antarctic region are rich in
plankton and the lake surroundings are not covered
with a higher plant. The similarities between the
LBFA and Pony Lake and Lake Fryxell FAs suggest
less conspicuous contribution of lignin to LBFA.

Molecular Weight Distribution
The LBFA schromatogram obtained by HPSEC is

Table 2. C species composition in LBFA estimated on the basis of the '*C-NMR spectrum and those in other FAs from

literatures listed in the table.

C species %

Sample (0 ppm) Aromaticity Reference

alkyl-C  O-alkyl-C aryl-C O-aryl-C COO-C CO-C

(5:45)  (45-110)  (110-145) (145-165) (165-190)  (190-220)

394 235 13.9 32
LBFA 14.3 5.6 0.21

62.9 17.1

Pony Lake http://www.
FA! 69.6 17 12 0.15 ihss.gatech.edu/
Lake Fryxell McKnight et al.
FA 63.1 11.9 20.7 4.4 0.16 (1994)
Nordic Lake Thorn et al.,
A2 37 24 10 0.46 (1989)
Suwannee Thorn et al.,
River FA® 49 20 7 0.33 (1989)
g}fﬁ“h‘ra 43.8 30.0 229 3.3 0.41 Fujitake (2007)
FD:?d" 41.9 30.2 24.0 3.9 0.42 Fujitake (2007)

" THSS reference sample (IR109F). % THSS reference sample (IR105F). > THSS standard sample (1S101F). * THSS (Japanese humic sub-
stances society) standard samples. * Aromaticity = (% of 110-165 ppm) / (% of 5-165 ppm)



Nobuhide Fujitake et al. : Chemical properties of aquatic fulvic acids isolated from Lake Biwa, a clear water system in Japan 51

shown in Fig. 5. Two apparent peaks were observed
at molecular weights of 995 and 785 Da, relative to
the standard samples of PSSNa at pH 7 at 260 nm. In
addition, two shoulder peaks were observed at ap-
proximately 530 and 470 Da. These data suggest that
the LBFA contained at least several major compo-
nents.

The weight- and number-average molecular
weights of the sample were determined to be 884 and
604 Da, respectively. The former value was consi-
derably smaller than those for various soil HAs
(3160 to 26400 Da), which were measured under
same conditions in this study (Asakawa et al., 2008),
and than that for Suwannee River FA (2310 Da)
(Chin et al., 1994). HPSEC is a popular analytical
technique used for determining the molecular
weights of humic substances (Chin et al., 1994; Pic-
colo et al., 2002; Hoque et al., 2003). However, the
optimization of the analytical conditions for HPSEC
analysis of humic substances is difficult, and stan-
dard method for investigations involving various
types of humic materials (e.g., soil and aqueous FAs
and HAs obtained from coal and manure) has not
been established thus far. Even when same sample is
applied, the use of different methods or conditions
leads to varying molecular weights. Therefore, it was
difficult to compare the molecular weights deter-
mined in this study with those for published data
previously for other FAs.

Fluorescence Spectra

A 3D-EEM contour plot of LBFA is shown in Fig.
6. The plot exhibited only one maximum peak (fluo-
rescence at Ex. 300 nm/ Em. 425 nm) and no other
distinct peaks. The maximum peak was distributed in
the optical space of “humic-like fluorophores”
(Coble, 1996; Hudson et al., 2007). The humic-like
fluorophores are commonly observed in freshwater
DOM or aqueous FA (Senesi, 1990; Mobed et al.,
1996; Nagao et al., 2003; Cory and McKnight, 2005;
Mladenov et al., 2007), and are likely originated
from the breakdown of organic material in water,
riparian zones and other soils (Katsuyama and No-
buhito, 2002).

Although another fluorophores in the range of Ex.
265-290 nm/ Em. 300-350 nm, so-called “pro-
tein-like (specifically tryptophan- or tyrosine-like)
fluorophores”, are frequently observed in freshwater
DOM or aqueous FA (Wu & Tanoue 2001; Cory and
McKnight, 2005), no peaks in the optical space ap-

995Da 7g5pa

.“ ¥

ABS at 260nm

Time (min)
Fig. 6. HPSEC chromatgram of LBFA.
V,, void volume; V, + V,, total effective column vo-
lume

peared in the LBFA. Such protein-like peaks have
been found to be linked to bacterial activity, to se-
wage treatment process efficiency and therefore to
organic matter bioavailability (Hudson et al., 2007).
The spectrum for LBFA without the protein- like
peaks suggests less contribution of fresh or living
matter and anthropogenic inputs. This was supported
by the lower weight-average molecular weight of
LBFA, because fresh, namely no degraded, proteins
and polysaccharides had relatively high molecular
weights.

Conclusions

We have studied the chemical characteristics of a
clear lake water FA in the temperate zones including
Japan. The elemental compositions for the LBFA

500

450 —

400 —

350 —

Excitation/ nm

250 300 350 400 450 500 550
Emission/ nm

Fig. 7. 3D-EEM contour plot of LBFA.
The concentration of LBFA was 10 mg L in 0.01 M
NaClOj, at pH 8. The intervals of the contour are 2 QSU.
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were different from those for commercial, aquatic
and soil humic samples, except for those for FAs
from Antarctic clear lake waters. The elemental
composition and 'H and "C NMR spectra showed
the aliphatic nature of the LBFA. Higher N contents
and proportion of C species for the LBFA were ana-
logous to those for three FAs from Antarctic clear
lake waters. This suggests that the LBFA is less in-
fluenced by lignin derived from terrestrial plants. The
HPSEC chromatogram revealed that the LBFA had at
least several major components with different mole-
cular distributions. The fact that no protein-like peaks
observed in the 3D-EEM contour plot suggested less
contribution of fresh or living matter and anthropo-
genic inputs to LBFA. This was supported by the
lower weight-average molecular weight of LBFA. In
conclusion, the LBFA is mainly derived from de-
graded and modified materials of microbial residues
and metabolites in Lake Biwa.

Acknowledgements.

This work was supported by a Grant-in-Aid for
Scientific Research (B-16380049, 2004-2007), and
partially supported by the fund of Department of
Lake Biwa Environment, Shiga Prefecture, Japan.

References

Asakawa, D., Kiyota, T., Yanagi, Y., Fujitake, N. (2008) Opti-
mization of conditions for high-performance size-exclusion
chromatography of different soil humic acids. 4nal. Sci. 24,
607-613.

Aiken, GR., McKnight, D.M., Wershaw, R.L., MacCarthy, P.
(1985) An introduction to humic substances in soil, sediment,
and water. In: Humic Substances in Soil, Sediment, and Wa-
ter: Geochemistry, Isolation and Characterization, Aiken,
G.R., McKnight, D.M., Wershaw, R.L., MacCarthy, P., Eds.,
Wiley, New York, pp. 1-9.

Averett, R.C. (1994) Humic substances in the Suwannee River,
Georgia: interaction, properties, and proposed structures. In:
US Geological Survey Water-Supply Paper, US Geological
Survey, Washington DC., pp. 244.

Coble P.G. (1996) Characterization of marine and terrestrial
DOM in seawater using excitation and emission matrix
spectroscopy. MarineChem. 51, 325-3463.

Chin, Y.P.,, Aiken, G., O’Loughlin, E. (1994) Molecular weight,
polydispersity, and spectroscopic properties of aquatic humic
substances. Environ. Sci. Technol. 28, 1853-1858.

Cory, M.R., McKnight, D.M. (2005) Fluorescence spectrosco-
py reveal ubiquitous presence of oxidized and reduced qui-
nones in dissolved organic matter, Environ. Sci. Technol. 39,
8142-8149.

Fujitake, N., Kawahigashi, M. (1999) *C NMR spectra and
elemental composition of fractions with different particle

sizes from an andosol humic acid. Soil Sci. Plant Nutr. 45,
359-366.

Fujitake, N., Kusumoto, A., Yanagi, Y., Suzuki, T., Otsuka, H.
(2003) Properties of soil humic substances in fractions ob-
tained by sequential extraction with pyrophosphate solutions
at different pHs III. FT-IR and 'H NMR spectra of humic
acids. Soil Sci. Plant Nutr. 49, 347-353.

Fujitake, N. (2007) Liquid-state (‘H, '*C) analysis. In: Hand-
book of Analysis of Humic Substances (in Japanese), Wata-
nabe, A., Fujitake, N., Nagao, S., Eds., Sankei-Sya, Nagoya,
pp-19-29,

Hatcher, P.G,, Schnizer, M., Dennis, L.W., Maciel, GE. (1981)
Aromaticity of humic substances in soils. Soil Sci. Soc. Ame.
J. 45, 1089-1094.

Hoque, E., Wolf, M., Teichmann, G., Peller, E., Schimmack, W.,
Buckau, G. (2003) Influence of ionic strength and organic
modifier concentrations on characterization of aquatic humic
and fulvic acids by high-performance size-exclusion chro-
matography. J. Chromatogr. A. 1017, 97-105.

Hudson, N., Baker, A., Reynolds, D. (2007) Fluorescence
analysis of dissolved organic matter in natural, waste and
polluted waters—a review. River. Res. Applic. 23, 631-649.

Ishiwatari, R. (1985) Geochemistry of humic substances in lake
sediments. In: Humic Substances in Soil, Sediment, and Wa-
ter: Geochemistry, Isolation and Characterization, Aiken,
GR., McKnight, D.M., Wershaw, R.L., MacCarthy, P., Eds.,
Wiley, New York, pp.147-180.

Kawahigashi, M., Fujitake, N., Takahashi, T. (1996) Structural
information obtained from spectral analysis (UV-VIS, IR, 'H
NMR) of particle size fractions in two humic acids. Soil
Sci. Plant Nutr. 42, 355-360.

van Krevelen, D.W. (1961) Graphical-statistical method for the
study of structure and reaction processes of coal. Fuel. 29,
269-284.

Kuwatsuka, S., Tsutsuki, K., Kumada, K. (1978) Chemical
studies of soil humic acids I Elementary composition of
humic acids. Soil Sci. Plant. Nutr. 24, 337-347.

Katsuyama, M., Nobuhito, O. (2002) Determining the sources
of stormflow from the fluorescence properties of dissolved
organic carbon in a forested headwater chatchment. J. Hy-
drology 268, 192-202.

Malcolm, R.L. (1985) Geochemistry of stream fulvic and
humic substances. In: Humic Substances in Soil, Sediment,
and Water: Geochemistry, Isolation and Characterization,
Aiken, GR., McKnight, D.M., Wershaw, R.L., MacCarthy, P.,
Eds., Wiley, New York, pp.181-209.

Malcolm, R.L. (1990) The uniqueness of humic substances in
each of soil, stream and marine environments. Anal. Chim.
Acta 232, 19-30.

Malcolm, R.L. and MacCarthy, P. (1986) Limitations in the use
of commercial humic acids in water and soil research. Envi-
ron. Sci. Technol. 20, 904-911.

Mao, J., Cory, R.M., McKnight, D.M., Schmidt-Rohr, K.
(2007) Characterization of a nitrogen-rich fulvic acid and its
precursor algae from solid state NMR. Organic Geochem. 38,
1277-1292.

McKnight, D.M., Aiken, GR., Smith, R.L. (1991) Aquatic
fulvic acids in microbially based ecosystem: Results from
two desert lakes in Antarctica. Limnol. Oceanogr. 36,
998-1006.



Nobuhide Fujitake et al. : Chemical properties of aquatic fulvic acids isolated from Lake Biwa, a clear water system in Japan 53

McKnight, D.M., Andrews, E.D., Spaulding, S.A., Aiken, GR.
(1994) Aquatic fulvic acids in algal-rich antarctic ponds.
Limnol. Oceanogr. 39, 1972-1979.

Mladenov, N., McKnight, D.M., Macko, S.A., Norris, M., Cory,
R.M., Ramberg, L. (2007) Chemical characterization of
DOM in channels of a seasonal wetland. Aquat. Sci. 69,
456-471.

Mobed, J.J., Hemmingsen, S.L., Autry, J.L., Mcgown, L.B.
(1996) Fluorescence characterization of IHSS humic sub-
stances: Total luminescence spectra with absorbance correc-
tion. Environ. Sci. Technol. 30, 3061-3065.

Nagao, S., Suzuki, Y., Nakaguchi, Y., Senno, M., Hiraki, K.
(1997) Direct measurement of the fluorescence characteris-
tics of aquatic humic substances by a three-dimensional flu-
orescence spectrometer. Bunseki Kahaku 46, 335-342 (in
Japanese).

Nagao, S., Matsunaga, T., Suzuki, Y., Ueno, T., Amano, H.
(2003) Characteristics of humic substances in the Kuji River
waters as determined by high-performance size exclusion
chromatography with fluorescence detection. Water Res. 37,
4159-4170.

Nagao, S., Kodama, H., Aramaki, T., Fujitake, N., Yonebayashi,
K. (2007) Variation in A"C of humic substances in the Lake
Biwa Waters. Nucl. Instr. and Meth. in Phys. Res. B 259,
552-557.

Piccolo, A., Conte, P., Trivellone, B., Van Lagen, Buurman, P.
(2002) Reduced heterogeneity of a lignite humic acid by
preparative HPSEC following interaction with an organic
acids. Characterization of size separated by Pyr-GC/MS and
'H-NMR spectroscopy. Environ. Sci. Technol. 36, 76-84.

Rice, J.A., MacCarthy, P. (1991) Statistical evaluation of the
elemental composition of humic substances. Org. Geochem.
17, 635-648.

Senesi, N. (1990) Molecular and quantitative aspects of the
chemistry of fulvic acids and its interaction with metal ions
and organic chemicals. Part I. The fluorescence spectroscopy
approach. Anal. Chim. Acta 232, 77-106.

Steinberg, C. (2003) Ecology of Humic Substances in Fresh-
waters, Springer, Berlin, pp.177-219

Steinberg, C., Muenster, U. (1985) Geochemistry and ecologi-
cal role of humic substances in lakewater. In: Humic Sub-
stances in Soil, Sediment, and Water: Geochemistry, Isola-
tion and Characterization, Aiken, GR., McKnight, D.M.,
Wershaw, R.L., MacCarthy, P., Eds., Wiley, New York,
pp-105-145.

Stevenson, F.J. (1994) Humus Chemistry: Genesis, Composi-
tion, Reactions, 2nd Ed., John Wilky and Sons Ltd., New
York.

Sugiyama, Y., Anegawa, A., Inokuchi, H., Kumagai, T. (2005)
Distribution of dissolved organic carbon and dissolved fulvic
acid in methotrophic Lake Biwa, Japan. Limnol. 6, 161-168.

Swift, R.S. (1996) Organic matter characterization. In: Method
of Soil Analysis: Part 3, Chemical Methods, Spark, D.L., Ed.,
Soil Science Society of America, Madison, pp.1011-1069.

Tipping, E. (2002) Cation Binding by Humic Substances,
Cambridge University Press, Cambridge.

Thomsen, M., Lassen, P., Dobel, S., Hansen, P.E., Carlsen, L.,
Mogensen, B.B. (2002) Characterization of humic materials
of different origin: A multivariate approach for quantifying
the latent properties of dissolved organic matter. Chemos-

phere 49, 1327-1337.

Thorn, K.A., Folan, D.W., MacCarthy, P. (1989) Characteriza-
tion of the International Humic Substances Society standard
and reference fulvic and humic acids by solution state car-
bon-13 (*C) and hydrogen-1 ("H) nuclear magnetic reson-
ance spectrometry. In Water Investigation Report 89-4196,
US Geological Survey, Denver, pp.1-93.

Thurman, E.M., Malcolm, R.L. (1981) Preparative isolation of
aquatic humic substances. Environ. Sci. Technol. 15,
463-466.

Thurman, E.M. (1985) Humic substances in grandwater. In:
Humic Substances in Soil, Sediment, and Water: Geochemi-
stry, Isolation and Characterization, Aiken, GR., McKnight,
D.M., Wershaw, R.L., MacCarthy, P., Eds., Wiley, New York,
pp-87-103.

Yonebayashi, K., Hattori, T. (1988) Chemical and biological
studies on environmental humic acids I. Composition of
elemental and functional groups of humic acids. Soil Sci.
Plant Nutr. 34, 571-584.

Watanabe, A., Fujitake, N. (2008) Comparability of composi-
tion of carbon functional groups in humic acids between in-
verse-gated decoupling and cross polarization/magnetic re-
sonance techniques. Anal. Chim. Acta 618, 110-115.

Wershaw, R.L. (1985) Application of nuclear magnetic reson-
ance spectroscopy for determining functionality in humic
substances. In: Humic Substances in Soil, Sediment, and
Water: Geochemistry, Isolation and Characterization, Aiken,
GR., McKnight, D.M., Wershaw, R.L., MacCarthy, P., Eds.,
Wiley, New York, pp.561-582.

Wilson, M.A. (1980) Application of nuclear magnetic reson-
ance spectroscopy to the study of the structure of soil organ-
ic matter. J. Soil Sci. 32, 167-186.

Wu, F., Tanoue, E. (2001) Molecular mass distribution and
fluorescence characteristics of dissolved organic ligands for
copper (1) in Lake Biwa, Japan. Org. Geochm. 32, 11-20.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


