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Abstract Three-dimensional fluorescence spectroscopy
was used to investigate the fluorescent properties of soil
dissolved organic matter (DOM) in the water-level-
fluctuation zone (WLFZ) of Kai County, Three Gorges
Reservoir (TGR). Most of the soil DOM analyzed in this
study was found to contain four fluorescence peaks. Peaks
A and C represent humic-like fluorescence, whereas peaks
B and D represent tryptophan-like fluorescence. Peaks E
and F, which represent tyrosine-like fluorescence, only
appeared in certain soils. Soil humus was the main source
of DOM in soil, and higher concentration of soil DOM was
found in the exposed soil than submerged soil. Compared
to the peaks A and B, the fluorescence intensities of peaks
C and D were strongly influenced by the fluctuating water
level. Analysis of fluorescence intensities of different
peaks in soil DOM showed that WLFZ soil was not
contaminated significantly. Soil DOM contained at least
two types of humic-like fluorescence groups and two types
of protein-like fluorescence groups. The proportion of the
content of peak A in soil organic matter was quite stable.
The soil DOM in exposed soil had relatively high
humification and aromaticity, and periodic submerging
and exposure of soil had an impact on the humification of
soil DOM.

Keywords water-level-fluctuation zone (WLFZ), soil,
dissolved organic matter (DOM), three-dimensional fluor-
escence spectra

1 Introduction

A water-level-fluctuation zone (WLFZ) is a zone in which
the surface alternates between wet and dry. Since rivers,
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lakes, reservoirs and other water bodies fluctuate season-
ally, parts of their land are periodically either covered by
water or exposed [1,2]. The WLFZ in the Three Gorges
Reservoir (TGR) is the zone between the water level of
145m for flood control and the normal water level of
175 m for impoundment. It covers a total (surface) area of
348.93 km?. As the zone where the transition between land
and water converges, the WLFZ has a sensitive and fragile
ecosystem. This could result in a series of ecological and
environmental problems in the WLFZ as well as the TGR
[1,3].

Currently, research into the environment of the WLFZ
has focused on the impact of the fluctuating water levels on
the water and soil environments, as well as the ecological
environment. The effects of water-level fluctuations on the
adsorption and release of soil N and P in the WLFZ have
been studied [2,4,5]. However, there are very few studies
on soil dissolved organic matter (DOM) in the WLFZ. Soil
DOM plays an important role in the migration and
transformation of pollutants [2]. DOM may interact with
soil nutrients such as N and P, and trace heavy metal ions,
influencing their migration and transformation at the land/
water interface, their toxicity and their bio-availability
[4,5]. Soil DOM can also be significantly impacted by
changes in the environmental conditions of an ecosystem
[2]. Since soil in the WLFZ is periodically submerged and
exposed, it is likely that its DOM is different from that of
ordinary soil. Therefore, it is necessary to study the
physical and chemical properties of soil DOM in the
WLEFZ.

In natural ecosystems, soil DOM mainly comes from
plant root exudates and litter, soil organic matter itself, as
well as soil animals and the products of microbial
metabolism. In agro-ecological systems, the use of
exogenous organic matter such as straw, all kinds of
manure, urban sewage sludge and other organic waste is
another important source of DOM [6,7].
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DOM contains humic acid, fulvic acid, and various
hydrophilic organic matters (including fatty acids, amino
acids, some carbohydrates, etc.) in addition to other
unknown complex organic components. Application of
fluorescence spectroscopy to the study of DOM is based on
the fact that DOM contains large quantities of aromatic
structures and unsaturated fatty chains with various kinds
of functional groups [8]. Three-dimensional fluorescence
spectroscopy, developed in recent years, has the advan-
tages of high sensitivity, high selectivity, and high
information content, and does not damage the structure
of samples. So it is widely used to study the physical and
chemical characteristics of DOM from soil, surface water
and seawater in terms of source determination, composi-
tions and macro-structures [9—13].

The fluorophores in DOM can be divided into two major
categories, humic-like fluorophores and protein-like fluor-
ophores [9], while protein-like fluorophores can be sub-
divided into tryptophan-like one and tyrosine-like one
[14]. In general, peaks A and C reflect the fluorescence
intensities of fulvic acid and humic acid, which are related
to the carbonyl and carboxyl groups in the structure of
humus [11]. Peaks B, D, E and F are related to the aromatic
amino acid structures in DOM, which reflect fluorescence
due to biologically degraded tryptophan and tyrosine [14].
Fluorescent matters and the corresponding peak positions
of DOM are shown in Table 1.

In this study, three-dimensional fluorescence spectro-
scopy was used to investigate the fluorescence spectral
characteristics of DOM in the WLFZ of Kai County in the
TGR. The DOM was classified, and its sources were
analyzed, with the objective of providing evidence for an
in-depth theoretical study on soil DOM and the migration
and transformation of pollutants in the WLFZ.

2 Materials and methods
2.1 Sample area

Kai County is located in the north-east of Chongqing City,
with Bashan Mountain to the north and the Yangtze River
to the south. It is in the center of the TGR area. The old
town area in Kai County is located in a valley and an area
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of low hills, which makes the county the most liable to be
flooded in the TGR. The (surface) area of the WLFZ in Kai
County is 42.78 km?. Urban land, rural towns and farm-
lands were the main ways to land utilization of WLFZ in
Kai County, and the typical regions included Hanfeng
town (E108°28', N31°10") and Fengle town (E108°24',
N31°11"), Zhuxi town (E108°17', N31°07') and Linjiang
town (E108°13’, N31°05"), and Houba town (E108°30’,
N31°12") and Zhenan town (E108°18',N31°09’, respec-
tively. This study selected these towns as sample areas, and
the sampling points are shown in Fig. 1.

2.2 Soil sampling

Samples were collected on January 10th and January 11th
2009 when the water level was 171 m, and the weather was
sunny. A total of 24 samples were collected. Nine of the
total soil samples were collected below a sampling
elevation of 171 m. Three samples were sediments,
namely, Fenglel, Fengle2 and Hanfengl, and the remain-
ing 6 were floodplain soil. Fifteen soil samples were
collected between sampling elevations of 171 and 175 m.
These corresponded to exposed soil of the WLFZ. Each
sample was a mixture of 4 equivalent volumes of the
subsample taken at depths of 0-20 cm within 1m x 1 m.
Collected samples were kept in polyethylene bags, which
were freeze-dried after transportation to the laboratory. The
latitude and longitude of sampling points were recorded by
GPS.

2.3 Data testing

Soil organic matter (SOM) is a variety of carbon
compounds which exist as the various forms and status
in soil. It is an important indicator of the carbon content in
the soil. The SOM was analyzed using the potassium
dichromate method.

The three-dimensional fluorescence spectra of soil DOM
were obtained by using a HITACHI F-4500 fluorescence
spectrometer. The extraction of soil DOM and the testing
of fluorescence spectroscopy are as follows:

1) Extraction of soil DOM

Extraction of soil DOM was carried out as described in
the literature [12]. Freeze-dried soil samples were milled

Table 1 Fluorescent matters and the corresponding peak positions in DOM

fluorescence peak

Ex(excitation wavelength)/Em(emission wavelength)/nm

references

type

310-360/410-480
270-290/320-350
240-270/370-480

220-230/320-350

m o QO w »

270-290/300-320

-

220-230/300-320

visible humic-like [9-11]

high excitation wavelength tryptophan-like [9,11]
UV humic-like [9-11]
low excitation wavelength tryptophan-like [9,11]
high excitation wavelength tyrosine-like [9,11]

low excitation wavelength tyrosine-like [9]
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Fig. 1

by ceramic grinding cymbals and were passed through a
stainless-steel sieve of 100 meshes. After sieving,
deionized water was added to some of the samples at a
ratio of 1g: 2mL, and samples were shaken for 16 h
(200 r-min") at room temperature (20°C). Samples were
then centrifuged for 30 min at 4000r-min~', filtered
through a 0.45 pm filter, and kept in a refrigerator at
4°C. Analyses were completed within 1 week.

2) Testing of fluorescence spectroscopy

A Hitachi F-4500 fluorescence spectrophotometer was
used. The samples were kept at a constant temperature
before the measurement (constant temperature water-bath:
2011°C). The blank sample in this experiment was MilliQ
water. The F-4500 system program was employed for data
processing with an excitation range of 200 to 450 nm and
an emission range of 250 to 500 nm. Instrumental
parameters were as follows: excitation slit, 5 nm, emission
slit, 10 nm; scan speed 1200 nm-min™'; excitation light
source, 150 W xenon lamp; photomultiplier tube voltage,
700V; Signal/Noise Ratio: larger (greater) than 110;
response time, automatic; scanning spectrum, automatic
instrumental correction. The emission spectra were
obtained by using an excitation wavelength of 254 nm,
and the emission was recorded from (between) 280 to
500 nm. Blank water scans were run every 10 analyses
using a sealed MilliQ water cell. The test results would
deduct the data from three-dimensional fluorescence

Yangtze River

Map of sampling locations in research area

spectra and the emission fluorescence spectra measuring
by MilliQ water under the same conditions.

2.4 Data analysis

SigmaPlot 9.0 software was used to map the three-
dimensional fluorescence spectra, and SPSS16.0 software
was used for data correlation analysis.
The ratio of the fluorescence intensity, #(M, N), can be
obtained from the following Eq. (1):
I

r(MN) =7 m

n

where [, is the fluorescence intensity of peak M, and 7, is
the fluorescence intensity of peak N.

The value of #(M, N) is commonly used to study the
nature of DOM. Usually there are #(B, A), #(C, A) as well
as (D, B). (B, A) is commonly used to distinguish the
degree of pollution [11], and the value of (B, A) from
contaminated river DOM is generally greater than 1.5 [11].
7(C, A) is the ratio of the UV humic-like fluorescence
intensity to the visible humic-like fluorescence intensity,
which is an indicator associated with organic structure and
maturity [9,11]. #(C, A) is related to the molecular size of
organic matter, the solution pH, etc. [9,11]. When the value
of r(C, A) is constant, it indicates that there is only one type
of humic-like fluorophore in DOM. When the value of



Fang FANG et al. 3D fluorescence spectral characterization of soil DOM in the fluctuating water-level zone

r(C, A) varies, it explains that there are at least two types of
humic-like fluorophore in DOM [9,13]. Another study
indicates that »(D, B), the ratio of the fluorescence
intensities of protein-like peaks D and B, has a similar
indicator function to 7(C, A). This means that changes in
r(D, B) also indicate the presence of at least two types of
protein-like fluorophore in DOM [11].

The results showed that the humification index (HIX)
values were sensitive to the DOM concentration of the
solution and were linear with respect to the transmittance
of the solution at the 254nm used as the excitation
wavelength [15-17]. HIX can be expressed by the
following equation:

HIX — m 2)
Z 1300%345

where HIX is the degree of soil DOM humification,
aromaticity, adsorption, the molecular weight or other
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relevant parameters, /435,450 1S the sum of the fluorescence
intensities from the emission wavelength of 300 nm to
345nm, and Ly ,345 is the sum of the fluorescence
intensities from the emission wavelength of 435 nm to
480 nm.

3 Results and discussion
3.1 Fluorescence peak types of soil DOM

Three-dimensional fluorescence spectra of DOM from the
typical WLFZ of Kai County are shown in Fig. 2.
Fluorescence intensities of soil DOM, soil organic matter
in the WLFZ of Kai County and other data are presented in
Table 2.

In Table 2, it can be seen that there were four significant
fluorescence peaks in most three-dimensional fluorescence
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Fig. 2 Three-dimensional fluorescence spectra of DOM in WLFZ of Kai County
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spectra of soil DOM (Figs. 2(a)—(c)). According to the
locations of the fluorescence peaks, the classes were the
visible humic-like peak (peak A located at Ex/Em = 300—
359 nm/395-450 nm), the UV humic-like peak (peak C
located at Ex/Em= 235-260 nm/395-445 nm), the high
excitation wavelength tryptophan-like peak (peak B at
Ex/Em = 275-280 nm/335-350 nm) and the low excitation
wavelength tryptophan-like peak (peak D at Ex/Em = 225—
231 nm/335-360 nm). Soil samples from Fengle and
Linjiang towns showed another two tyrosine-like peaks
(Fig. 2(d)): a high excitation wavelength tyrosine-like peak
(peak E at Ex/Em = 280 nm /310 nm) and a low excitation
wavelength tyrosine-like peak (peak F at Ex/Em= 225—
230 nm/300-325 nm).

It can be found from the spectrometry of the 24 soil
samples that the three-dimensional fluorescence spectra of
six samples showed only three fluorescence peaks, and
there was no evident protein-like peak B. However, the
fluorescence intensities around peak B exhibited a
gradually increasing trend from low to high wavelength,
indicating there was a trend of forming the fluorescence
peak B. This may be due to the relatively low content of
tryptophan-like material in the soil DOM, resulting in peak
B being covered up (obscured) by other fluorescence peaks
with higher intensities. Some studies have found a similar
phenomenon for water DOM in three-dimensional fluor-
escence spectra [11,18]. In addition, peaks E and F can
only be found in the soil from Fengle town and Linjiang
town. Probably, the complexity of this DOM was the result
of human activities in the two towns near the sampling
location.

3.2 Fluorescence peak intensities of soil DOM
The average fluorescence intensities of different peaks of
soil DOM from submerged and exposed areas of Kai

County are shown in Fig. 3.

700

=]
k5 600 mm peak A
Z 500 peak B
% 400 peak C
3 300 mm peak D
g
2 200
g 100
= exposed area

0
peak D submerged area

peak B~
peak € peak A

Fig. 3 Average fluorescence intensities of different peaks of soil
DOM in WLFZ of Kai County

The order of the average fluorescence intensities of the
different peaks from soil DOM in the submerged area was
A > C>B > D. Clearly, the average fluorescence intensity
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due to the humic-like material was greater than that due to
the protein-like material. This was similar to the conclu-
sions of Baker’s study of river DOM [19]. Analysis of
variance between the two groups, humic-like fluorescence
peaks A and C, and protein-like fluorescence peaks B and
D, showed more obvious differences (T Test, sig=
0<0.01). The fluorescence intensity of humic-like
materials was greater than that of protein-like materials,
and the fluorescence efficiency of protein-like materials
was larger than the humic-like materials [20], indicating
that soil humus was the main source of submerged soil
DOM. This conclusion was the same as that drawn by
McDowell [7] in a study of forest soil. There were no
obvious differences between the two humic-like fluores-
cence peaks A and C nor between the two protein-like
fluorescence peaks B and D, in the submerged area.

The order of average fluorescence intensities of the
different peaks from soil DOM in the exposed area was
C>B > A>D. It can be seen from Fig. 3 that there are no
differences between the average intensities of peaks A and
B, but the intensity of peak C is significantly higher than D
in the exposed area. Overall, the humic-like fluorescence
intensity was greater than the protein-like fluorescence
intensity, and the analysis of variance between the two
groups showed a significant difference (T Test, sig=
0.009 < 0.01). This indicated that soil humus was also the
main source of DOM in exposed soil. However, compared
to the submerged area, the intensities of the protein-like
fluorescence peaks B and D were very high in the exposed
areas, indicating that protein-like materials produced by
human activities which can contaminate the exposed soil,
as well as that produced by plants, animals and microbial
activity in the soil, were also important sources of DOM.
There were obvious differences between the humic-like
fluorescence peaks A and C (ANOVA, sig=0.005 < 0.01),
the mean values of which were 462.50+£142.72 arb and
622.014+144.23 arb, respectively. Previous studies [14]
pointed out that the main composition of the humic-like
peak A was fulvic acid, while that of peak C was humic
acid. This suggested that the humic-like material in the
exposed soil DOM consisted of mainly humic substances
of large molecular weight. The protein-like fluorescence
peaks B and D from soil DOM in the exposed area did not
demonstrate obvious differences.

A comparison of the average intensities of submerged
and exposed soil DOM showed that the average intensity
of fluorescence peak C was the highest in the exposed soil,
while that of peak D was the lowest in the submerged soil.
The fluorescence intensities of humic-like and protein-like
peaks in the exposed area were higher than those in the
submerged area, indicating that higher concentration of
soil DOM was found in the exposed soil than submerged
soil of the WLFZ. On the one hand, this may be due to an
increase in litter and root exudates, which could be caused
by long-term planting of crops and growth of weeds in
exposed soil. Exposed soil has good light conditions,
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adequate oxygen and suitable water, which may enhance
plant and animal growth and increase microbiological
metabolic activity. The exposed area is also much closer to
the zone of human activity, and organic pollutants may
only reach the submerged area after interception by the
exposed area. As a result, the exposed area may retain most
of the pollutants in its soil. On the other hand, protein-like
substances released by microorganisms and soil organic
matter reduction by mineralization would cause a reduc-
tion of DOM in the submerged soil. In addition, analysis of
variance of the average intensities of submerged and
exposed soil DOM showed that there were obvious
differences between peaks C of DOM from submerged
and exposed soil (ANOVA, sig=0.004 < 0.01), as did the
peaks D (ANOVA, sig= 0.005 < 0.01). But peaks A and
the peaks B had no significant differences. These results
indicated that the fluorescence intensities of peaks C and D
were greatly influenced by water level fluctuations.

3.3 Discussion

3.3.1 Ratios of fluorescence intensities

The ratios of soil DOM in the WLFZ of Kai County can be
seen in Table 3.

Table 3 Ratios of soil DOM in WLFZ of Kai County

r(B, A) nC, A) r(D, B)
submerged area average 0.684+0.06 1.21+0.13 0.98+0.44
distribution 0.42-0.95 0.55-1.72 0.45-1.47
exposed area average 0.8140.08 1.39+0.06 1.61£0.95
distribution 0.51-1.31 1.03-1.77 0.62-3.29

Analysis of variance between the two groups indicated
that there were no obvious differences in the r(B, A) of soil
DOM in the submerged and exposed areas. Some studies
[11] showed that the value of r(B, A) of contaminated river
DOM was generally greater than 1.5, and the average
values in this study were less than 1.5, indicating that the
soil in the WLFZ was not contaminated significantly.

The values of #(C, A) and (D, B) were significantly
different, indicating that DOM contained at least two types
of humic-like and protein-like fluorophores. Compared
with the related literature [9,11], the distributions of
"(C, A) and (D, B) in the WLFZ soil were very wide,
indicating that the contamination degrees for the soil from
different locations were not consistent. Studies by Coble
[9] showed that the average value of #(C, A) in sediment
pore water was 0.77, and the »(C, A) value in sediment
pore water from Cuicui Lake was 1.26. It was also reported
that the distribution of #(C, A) in sediment pore water of
Erhai varied between 0.94 and 1.79, and that of (D, B)
between 0.90 and 1.75 [11].

The distributions of #(C, A) and r(D, B) differed
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between submerged and exposed soil. As shown in Table 2
and Fig. 3, the average fluorescence intensity of peak C
was quite large in exposed soil and that of peak D was
quite low in submerged soil. Some scholars pointed out
that the soil moisture content could affect the components
of soil humus [21,22]. In the study on slope farmland soil
using '*’Cs tracer technique, Chen [21] found that humic
acids accumulated significantly in the relative well-drained
sites, while only a small amount was obtained in the sites
with poor drainage. Dou [22] pointed out that flooding
conditions were conducive to the accumulation of fulvic
acids in soil, while dry conditions favored the accumula-
tion of humic acids. These findings might support the
conclusion that fluorescence intensities of soil humic acids
in the submerged area were lower than the exposed area
indirectly. Tyrosine was insoluble in water, and tryptophan
was slightly soluble in water [23]. Soil in the WLFZ was
submerged over time, promoting the dissolution of
tryptophan, which may be one of the reasons why the
average intensity of tryptophan fluorescence peak D was
weak in the submerged soil.

3.3.2 Correlations and analyses of the different fluorescence
peak intensities and their relationship to SOM

The correlations between fluorescence intensities of soil
DOM and the correlations between fluorescence intensities
and SOM in the WLFZ of Kai County can be seen in
Table 4.

In general, SOM is the most important component of soil
DOM [19]. There was no significant difference between
the amount of SOM in submerged and exposed areas, the
means of which were 1.31£0.27 and 1.32£0.14. Good
correlations were observed between SOM and the visible
humic-like fluorescence peak A, the UV humic-like
fluorescence peak C, and the high excitation wavelength
tryptophan-like fluorescence peak B, as shown in Table 4.
However, the correlation between SOM and the low
excitation wavelength tryptophan-like fluorescence peak D
was poor. The best correlation between SOM and a
fluorescence peak was that between SOM and peak A, and
this correlation indicated that the proportion of fluorescent
visible humic-like content in the SOM was relatively
stable. In contrast, the worst correlation (» = 0.156), that
between SOM and peak D, indicated that the proportion of
low excitation wavelength tryptophan-like content in the
SOM was unstable. This may be associated with the nature
of peak D, which was sensitive to soil moisture,
concentrations of oxygen and other environmental condi-
tions.

The DOM of different soil samples in the WLFZ had
different #(C, A) values, and the distribution was quite
wide. However, the humic-like fluorescence peaks A and C
continued to display a good correlation. Probably, the main
components of peak C — humic acid, and that of peak A,
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Table 4 Correlations between fluorescence intensities of soil DOM and correlations between fluorescence intensities and soil organic matter in

WLEFZ of Kai County

type soil organic matter peak A peak B peak C peak D
peak A correlation coefficient r 0.857** 1.000
sample number n 23 24
peak B correlation coefficient r 0.711%* 0.913** 1.000
sample number n 17 18 18
peak C correlation coefficient r 0.590** 0.714%* 0.492% 1.000
sample number n 24 24 18 24
peak D correlation coefficient » 0.156 0.373 0.310 0.641** 1.000
sample number n 23 23 17 23 23

Notes: * Correlation is significant at 0.05 level, ** Correlation is significant at 0.01 level

fulvic acid, have similar sources, migration, transforma-
tion, etc. This result agrees with Fu [11] and Baker [24],
but to date, there is still no reasonable explanation for the
spectroscopic behavior of DOM. The tryptophan-like
fluorescence peaks B and D have a poor correlation.
Peaks B and D can be affected by different soil sources and
environment and microbial activity, which may cause this
poor correlation.

The correlation between the high excitation wavelength
tryptophan-like fluorescence peak B and the humic-like
fluorescence peaks A and C is good. The low excitation
wavelength tryptophan-like fluorescence peak D and the
UV humic-like fluorescence peak C also have a good
correlation. However, peak D is poorly related to the
visible humic-like fluorescence peak A. Generally, the
good correlation indicates that the two have similar sources
or both of the chemical structures have some connection in
the soil DOM of the WLFZ [11]. Studies [18] showed that
protein-like fluorescence peaks B and D were weakly
correlated to humic-like fluorescence peaks A and C,
which was inconsistent with the results from this study.
Related research still should be conducted in-depth in the
future.

333 HIX

Usually, the larger the HIX wvalues, the greater the
humification, aromaticity and adsorption as well as the
molecular weight of the soil DOM. Ohno showed that the
HIX values in soil DOM from the Bear Brook Watershed
in Maine ranged from 1.15 to 5.38 [12]. In this study, the
HIX values ranged from 2.12 to 7.04 in soil DOM in the
WLEFZ of Kai County, and most values were in the range
from 3.00 to 5.00 (Table 2), which was close to the values
in Ohno’s report. The HIX values showed obvious
differences between the submerged and exposed areas
(ANOVA, sig=0.002 < 0.01). The mean HIX value in the
submerged area was 3.1140.32, and that in the exposed

area was 4.69+0.29, indicating that periodic submerging
and exposure of soil had an impact on the humification of
DOM. Compared with the submerged area, the soil DOM
in the exposed area had a higher degree of humification and
aromaticity; the molecular weight distribution of DOM
was based on the humic acid of the large molecular weight,
and the content of fulvic acid of small molecular weight
was relatively small in the exposed area. This result
confirmed findings in section 3.2 that the fluorescence
intensity of peak C was much greater than that of peak A in
the exposed area.

4 Conclusions

Three-dimensional fluorescence spectroscopy was used to
investigate the fluorescent properties of DOM in the
WLFZ of Kai County, and the following conclusions were
reached:

1) Most of the soil DOM was found to contain four
fluorescence peaks: peaks A and C, which represent
humic-like fluorescence, and peaks B and D, which
represent tryptophan-like fluorescence. Two additional
peaks, E and F, which represent tyrosine-like fluorescence,
only appeared in certain soils.

2) Analysis of soil DOM fluorescence intensities
showed that humus was the main source of soil DOM,
and higher concentration of soil DOM was found in the
exposed soil than the submerged soil of the WLFZ. The
fluorescence intensities of peaks C and D were greatly
influenced by the water level fluctuations.

3) According to the analysis of fluorescence intensity
ratios of soil DOM in the WLFZ, WLFZ soil was not
contaminated significantly, and the contamination degrees
for the soil from different locations were not consistent.
The soil DOM contained at least two types of humic-like
fluorescence groups and two types of protein-like
fluorescence groups.
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4) Analysis of the correlations between soil DOM
fluorescence peak intensities and their relationship to SOM
indicated that the proportion of the content of peak A in
SOM was quite stable, and the fluorescence intensities of
peaks A and C had a good correlation in the soil DOM of
the WLFZ.

5) Analysis of the HIX values in submerged and exposed
soil DOM indicated that the soil DOM in exposed areas
had a higher degree of humification and aromaticity, and
periodic submerging and exposure of soil had an impact on
the humification of DOM.

6) Current research results indicated fluctuating water
levels would significantly impact fluorescence properties
of DOM in the fluctuating water-level zone of the Three
Gorges Reservoir, but how fluctuating levels affect DOM
is not fully known. It needs a long-term study on how the
fluctuating water levels impact DOM composition, nature,
migration and transformation.

Acknowledgements This work was supported by the National Science and
Technology Support Project (Grant No. 2008BAD98B04) and National
Mega-projects of Science Research for Water Environment improvement
(Grant Nos. 2009ZX07104-002, and 2009Z2X07104-003).

References

1. Diao C T, Huang J H. A preliminary study on land resources of the
water level fluctuating zone in Three Gorges Reservoir. Resources
and Environment in the Yangtza Basin, 1999, 8(1): 75-80 (in
Chinese)

2. Wantzen K M, Rothhaupt K O, Mortl M, Cantonati M. G.-Té6th L,
Fischer P. Ecological effects of water-level fluctuations in lakes: an
urgent issue. Hydrobiologia, 2008, 613(1): 14

3. LiZ,GuoJ S, Long M, Fang F, Sheng J, Zhou H. Seasonal variation
of nitrogen and phosphorus in Xiaojiang River—a tributary of the
Three Gorges Reservoir. Frontiers of Environmental Science &
Engineering in China, 2009, 3(3): 334-340

4. Zhan Y H, Wang L A, Jiao Y. Adsorption & release of nitrogen of
soils in Three Gorges Reservoir. Journal of Chongqing University
(Natural Science Edition), 2006, 29(8): 10—13 (in Chinese)

5.Jia HY, Lei AL, Ye M, Lei J S, Zhao J Z. Assessment of
phosphorus release from typical soil types in the zone of fluctuating
water level in the Three Gorges Reservoir region. Advances in
Water Science, 2007, 18(3): 432-438 (in Chinese)

6. Tipping E. Modelling the properties and behavior of dissolved
organic matter in soil. Soil Science, 1998, 87(10): 237-252 (in
German)

7. McDowell W H, Currie W S, Aber J D, Yano Y. Effects of chronic
nitrogen amendments on production of dissolved organic carbon
and nitrogen in forest soil. Water, Air, and Soil Pollution, 1998, 105
(1/2): 175-182

8. Baker A. Fluorescence excitation-emission matrix characterization
of some sewage-impacted rivers. Environmental Science &

20.

21.

22.

23.

24.

Front. Environ. Sci. Engin. China 2011, 5(3): 426434

Technology, 2001, 35(5): 948-953

. Coble P G. Characterization of marine and terrestrial DOM in

seawater using excitation-emission matrix spectroscopy. Marine
Chemistry, 1996, 51(4): 325-346

. Coble P G, Del Castillo C E, Avril B. Distribution and optical

properties of CDOM in the Arabian Sea during the 1995 Southwest
Monsoon. Deep-sea Research. Part II, Topical Studies in Oceano-
graphy, 1998, 45(10-11): 2195-2223

. Fu P Q. Dissolved Organic Matter in matter in natural aquatic

environments and its complexation with metal ions: A study based
on fluorescence spectroscopy. Dissertation for the Doctoral Degree.
Beijing: Graduate School of the Chinese Academy of Sciences,
2004 (in Chinese)

. Ohno T, Fernandez I J, Hiradate S, Sherman J F. Effect of soil

acidification and forest type on water soluble soil organic matter
properties. Geoderma, 2007, 140(1-2): 176187

. Coble P G, Green S A, Blough NV, Gagosian R B. Characterization

of dissolved organic matter in the Black Sea by fluorescence
spectroscopy. Nature, 1990, 348(6300): 432435

. Guo W D, Cheng Y Y, Wu F. An overview of marine fluorescent

dissolved organic matter. Journal of Marine Science Bulletin, 2007,
26(1): 98—106 (in Chinese)

. Ohno T. Fluorescence inner-filtering correction for determining the

humification index of dissolved organic matter. Environmental
Science & Technology, 2002, 36(4): 742-746

. Cox L, Celis R, Hermosin M C, Cornejo J, Zsolnay A, Zeller K.

Effect of organic amendments on herbicide sorption as related to the
nature of the dissolved organic matter. Environmental Science &
Technology, 2000, 34(21): 4600—4605

. Ohno T, Chorover J, Omoike A, Hunt J. Molecular weight and

humification index as predictors of adsorption of plant- and manure-
derived dissolved organic matter to goethite. European Journal of
Soil Science, 2007, 58(1): 125-132

. Jiang F H. A preliminary study on fluorescence spectroscopy of

DOM in Bohai Sea and Jiaozhou Bay and its application as
environmental tracers. Dissertation for the Doctoral Degree.
Qingdao: Ocean University of China, 2006 (in Chinese)

. Baker A. Fluorescence excitation-emission matrix characterization

of river waters impacted by a tissue mill effluent. Environmental
Science & Technology, 2002, 36(7): 1377-1382

Yang Y. Study on fluorescence properties of dissolved organic in the
Water-Level-Fluctuating Zone of Kai County, Three Gorges
Reservoir. Dissertation for the Doctoral Degree. Chongqing:
Chongging University. 2010, 30-33 (in Chinese)

Chen J S. Effect of topography on the composition of soil organic
substances in a perhumid sub stropical montane forest ecosystem in
Taiwan. Geoderma, 2000, 96(1-2): 19-30

Dou S. Soil organic matter. Beijing: Science Press. 2010, 250-254
(in Chinese)

Zhou J S. Amino acid practical handbook. Research institute of
amino acid in Chengdu. 1989, 70-73 (in Chinese)

Baker A, Curry M. Fluorescence of leachates from three contrasting
landfills. Water Research, 2004, 38(10): 26052613



	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22
	bmkcit23
	bmkcit24



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


