
BGD
9, 5347–5371, 2012

Export potential and
characteristics of

DOC

Y. D. Guo et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Biogeosciences Discuss., 9, 5347–5371, 2012
www.biogeosciences-discuss.net/9/5347/2012/
doi:10.5194/bgd-9-5347-2012
© Author(s) 2012. CC Attribution 3.0 License.

Biogeosciences
Discussions

This discussion paper is/has been under review for the journal Biogeosciences (BG).
Please refer to the corresponding final paper in BG if available.

Impact of mire reclamation on export
potential and characteristics of dissolved
carbons in the Sanjiang Plain, Northeast
China
Y. D. Guo1, C. C. Song1, Y. Z. Lu1, Y. Y. Song1, and Z. M. Wan2

1Key Laboratory of Wetland Ecology and Environment, Northeast Institute of Geography and
Agroecology, Chinese Academy of Sciences, Changchun 130012, China
2College of Earth Science, Jilin University, Changchun 130061, China

Received: 14 March 2012 – Accepted: 10 April 2012 – Published: 7 May 2012

Correspondence to: C. C. Song (songcc@neige.ac.cn)

Published by Copernicus Publications on behalf of the European Geosciences Union.

5347

http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/9/5347/2012/bgd-9-5347-2012-print.pdf
http://www.biogeosciences-discuss.net/9/5347/2012/bgd-9-5347-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/


BGD
9, 5347–5371, 2012

Export potential and
characteristics of

DOC

Y. D. Guo et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Abstract

As an important dissolved organic carbon (DOC) reservoir, the mires in the Sanjiang
Plain, Northeast China, have been suffering from large scale of reclamation, and thus
elevated loss and degradation since the 1960s. This study compares the export dy-
namics of the dissolved carbons, as well as the chemical characteristics of DOC, in5

the natural mire, degraded mire and drainage ditches during the growing seasons
from 2008 to 2010 with the aim to clarify the final effects of the longterm reclama-
tion on the export dynamics of the dissolved carbons. Results show that the average
concentrations of total dissolved carbon (TC) and DOC are much higher in natural
mires than that in degraded mire and drainage ditches. The DOC concentration for10

natural mires, about 35.53±5.15 mg l−1 on average, is nearly 2.39 times of that in
degraded mire (14.84±4.21 mg l−1) and 2.77 times of the average value in ditches
(12.84±4.49 mg l−1). Similarly, the hydrophobic fraction and SUVA254 of DOC also
represent lower values in the degraded mire and ditches, which suggests that mire
reclamation has resulted not only in the reduced DOC concentrations but also in the15

reduced chemical stability. Whereas the inorganic dissolved carbons (DIC) exhibits ob-
vious increased trends in drainage ditches in comparison to natural mires. Analyses
of exitation-emission fluorescence spectra reveal that the reclamation has greatly al-
tered the DOC composition with more biological organic substances exporting from the
Sanjiang Plain. The presence of protein- and tryptophan-like substances in the ditches20

indicates there has been extensive agricultural pollution in the surface waters. Changes
in the hydrological regime of the mire landscapes by sustained agriculture activities are
deemed the prodominant reason, and the trends in the export dynamics of dissolved
carbons will keep on if mire reclamation continues in the future.
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1 Introduction

The global transport of organic carbon by rivers to the oceans is estimated to be 0.36 Gt
C yr−1, which is about 0.7 % of the terrestrial net primary production (Ittekkot, 1988;
Aitkenhead and McDowell, 2000). The flux represents only a small part of components
of the global carbon cycle, but it play an important role in many ecological processses5

in the estuarine and coastal systems. It helps to control the mobilities of pollutions
as trace metals and hydrophobic organic componds (Bhatt and Gardner, 2009), the
rates of many photochemical reactions (Williamson et al., 1996), the attenuation of
UV radiation (Gao and Zepp, 1998), and most of important, the processes of marine
primary production (Raynond et al., 2000) and the rate of terrestrial carbon burial (Goñi10

et al., 1998).
During the past decade, the role of boreal wetlands in regional and global carbon

budgets has received an increasing amout of attention for being recognized as a huge
pool of soil carbons and dissolved organic carbon (DOC) to the nearby fluvial ecosys-
tems (Worrall and Burt, 2008). Increases in the concentration of DOC in surface water15

are widely reported in sub-boreal settings with wetlands (Driscoll et al., 2003; Hejzlar et
al., 2003; Worrall and Burt, 2008). Several reasons to explain the observed increases
have been porposed including increasing temperature (Freeman et al., 2001), occur-
rence of severe drought (Worrall and burt, 2008), change in the amount of stream
flow (Tranvik and Jansson, 2002), and increase in atmospheric depostion (Evans et al.,20

2005). In spite of the numerous studies, the predicts of future DOC fluxes from northern
wetland watersheds result in both increase (Clair et al., 1999) and decrease (Moore et
al., 1998; Pastor et al., 2003), owing to anticipated hydrological conditions. Regardless
of the contray results, it could be concluded that boreal wetlands are indeed much sen-
sitive to climate changing and human activities in the export potential of DOC, for they25

usually store huge quantity of carbon formed in the historical period.
Land-use change represents the most powerful alteration of the terrestial ecosystem

in the past 300 years (Vitousek et al., 1997). However, the influence of land-use change
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on DOC dynamics is still largely uncertain especially in boreal wetlands area, although
it has been reported that agricultural plantation could increase the export of other nu-
trients such as nitrogen and phosphorus to fluvial ecosystems (Mander et al., 2000;
Tang et al., 2011). The production and delivery of DOC in the wetlands are mostly
determined by the hydrological conditions which would be intirely altered by land-use5

change (Wagner et al., 2008; Worrall et al., 2008; Wilson and Xenopoulos, 2009). Fol-
lowing the alteration, the mineralization processes of soil carbon would change cor-
respondingly and break the balance of the output fluxes between CO2 and DOC in
the end (Hernes et al., 2008). A significant threat to the hydrological regime associ-
ated with land-use change is artificial drainnage in the mires. In UK blanket peatlands,10

drainages were introduced to draw down the water table to improve the productivity of
the grazing grass (Holden, 2004), and besides of several negative environmental prob-
lems, the changes of DOC dynamics resulting from the drainages have been observed
in some of the catchments (Wallage et al., 2006). Drains blocking and afforestation ac-
tivities after drainage diging were the important factors affecting DOC concentrations in15

the surface waters (Wallage et al., 2006). Land use and management activities, which
vary markedly over small distances and change over short time periods, are main can-
didates to the increase in DOC export over the recent past (Yallop and Cluterbuck,
2009; Clark et al., 2010). Changnon and Demissie (1996) concluded the changes in
land use and drainage have play a more important role than changes in precipitation in20

increasing stream peak flow events and hence the DOC fluxes over the past 50 years
in North America. But wetllands in different regional climate and hydrological manage-
ments have disparate performances in DOC production and exportation, which results
in difficulty to draw a universal conclusion.

The conclusions above, however, mainly come from the surveys in Europe countries25

and North America, and limited studies have been reported in North China, where ex-
ists large area of mire-wetlands especially in the Sanjiang Plain. In the Sanjiang Plain,
the area of freshwater mires had amounted to 35 260 km2 in the 1960s, covering 32.7 %
of the total area of the plain. But since the 1960s, the large scale of mire reclamation
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to paddy fields has led to the amazing shrinkage to 9600 km2 in 2005 to guarantee the
food security of China. The dramatic loss and degradation of natural mires had greatly
changed the export dynamics of the dissolved carbons produced from the organic soil
accumulating in the mires for thousthands of years. Moreover, the natural hydrological
regimes of mires and rivers were altered entirely by the drainage building to flood dis-5

charging, with the length reaching up to 2.55 km per square kilometer on average in
2010. Hence, the large tracts of mires avoiding to be reclaimed were also degraded
seriously owing to hydrological disturbance. As a result, the great alteration in the ex-
port potential of DOC from the Sanjiang Plain is ineluctable, which could directly alter
the carbon fluxes to the Amur River and even the Sea of Okhotsk in the northwest of10

North Pacific, as the Sanjiang Plain is located in the Amur River Basin, the world’s ninth
longest river.

But by now, to what extent the DOC fluxes has been altered by the mire reclamation
and drainage ditch building is still unkown, and the variation in the characteristics of
DOC is also eager to be surveyed to estimate the possible consequences to the lower15

aquatic ecosystems. Therefore, the objectives of this study are to (1) determine the im-
pacts of mire reclamation on the fluxes and export potential of the dissolved carbons by
contrastive field measurements in the natural mire, degraded mire and artificial ditches
in the Sanjiang Plain, (2) investigate the alteration of the chemical components of DOC
released from the different landscapes above.20

2 Materials and methods

2.1 Site description

The Sanjiang Plain is located in the winter-cold zone in Northeast China and is formed
by the three major rivers of Amur, Ussuri, and Songhua. Boreal climate conditions and
low slope grade make it the largest mire concentration in China (Fig. 1). The plain25

experiences a mean annual temperature of 1.9◦ and a mean annual precipitation of
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565.3 mm. The coldest month occurs in January with −19.8 ◦C and the warmest in
July with 21.6 ◦C (1981–2008). The surface water and soil are completely frozen from
late October to the next April, and begin to melt in late April. Plants in the natural
mire, mainly Carex, Deyeuxia angustifolia and Betule fruticosa, burgeon during the
end of April and wilt in mid-October. In the mires, it is covered by gleying swampy soil5

whose organic contents usually exceed 15 % in the upper 50 cm layer with albic soil
underneath, and large area of peat could often be found in the mires.

2.2 Field sampling

Sampling campaigns were carried out during the growing seasons from 2008 to 2010.
To determine the impacts of different strength of mire reclamation on the dynamics of10

dissolved carbons, three types of mire-related landscapes, including undisturbed nat-
ural mire, degraded mire and artificial drainage ditches, were chosen to collect water
samples. The sampling sites for the undisturbed natural mire were chosen at the exper-
imental fields of the Sanjiang Mire-wetland Experimental Station, Chinese Academy of
Sciences (47◦35′ N, 133◦31′ E). In the experimental fields, two types of pristine fresh-15

water mires were chosen including the seasonally-waterlogged mire (SLM) with Cala-
magrostis angustifolia as the predominant vegetation and the perennially-waterlogged
mire (PLM) with Carex lasiocarpa. The mires developed in round depressions and had
nearly no output runoff except in extreme rainfalls. They have experienced no distur-
bance from human activities and are good references as pristine mires before recla-20

mation. In each mire, four surface water samples were collected along the straight
line across the mire when sampling. The sampling site for the degraded mire (DGM)
was chosen at the old river course of Bielahong River along which large area of
mires were preserved. But the hydrological blocking of the artificial dithes nearby and
partly mire reclamation in the catchment had led to extensive degradation, as the sur-25

face content of soil organic matter declined from 131.66±19.21 mg kg−1 in 1980s to
91.25±25.07 mg kg−1 in 2008. Simultaneously, water samples from drainage ditches
of three hierarchies (arterial drainage ditch (A-DD), branch ditch (B-DD) and capillary
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ditch (C-DD)) were collected in Bielahong Ditch, the largest drainage system in the
Sanjing Plain, in which the water volumes come mainly from the surface runoff and dis-
charge from paddy fields covering the the majority of our study region (Fig. 1). For the
three types of landscapes, water samples were collected synchronously every ten days
from beginning of May to late October. When sampling, standard 3 l samplers made of5

synthetic glass were used for the surface water, and 300 ml surface water samples for
a site was hold in glass vials and preserved in 4 ◦C for further analyses.

2.3 DOC concentration and fractionation

Collected water samples were filtered through 0.45 µm filters into separate vials, and
then analyzed for DOC, total dissolved carbon (TC) and inorganic carbon (DIC) with10

DOC analyzer (C-VCPH, Shimadzu, Japan). TC was measured by high-temperature
combustion. DIC was detected after sample acidification by 25 % H3PO4 and 2 mol l−1

HCL and transformation to CO2, and DOC equals TC minus DIC.
To determine the hydrophilic and hydrophobic fraction of DOC, water samples were

pumping through glass columns filled with Amberlite XAD-8 resin. The column effluent15

contains the hydrophilic fraction of DOC (HiDOC), whereas the so-called hydrophobic
fraction of DOC (HoDOC) sorbs to the resin and (Raastad and Mulder, 1999). Before
use, the XAD-8 resin was cleaned with methanol, acetonitrile and diethyl ether in a
Soxhlet extractor. Then the resin was packed into glass columns with an inner diame-
ter of 0.7 cm and a resin volume of 10 ml. After packing in columns, it was extensively20

rinsed with ultrapure water, methanol, 0.1 M NaOH, 0.1 M HCl and finally with ca. 25
void volumes of ultrapure water during 24 h. During fractionation, the pH of water sam-
ples was adjusted to 2.0 at first. Then pumps were used to keep the effluent rate at
0.6–0.7 ml min−1. The DOC in column effluents, namely HiDOC, was measured with
the DOC analyzer directly, and HoDOC is calculated as total DOC minus HiDOC (Si-25

monsson et al., 2005).
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2.4 Special absorbance and three-dimensional fluorescence measurement

SUVA254 has been suggested as an index of the aromaticity of DOC and changes
with differeneces in the chemical composition of DOC (Peichl et al., 2007; Jonesa et
al., 2009). SUVA254 is defined as the UV absorbance at 254 nm divided by the DOC
concentration measured in milligrams per liter (mg l−1), and is reported in units of5

l mg−1 m−1. UV measurements was made on a a UV-7504 spectrophotometer using
1-cm quartz cells with Milli-Q water as the reference.

To identify and compare the composition of DOC in the landscapes, three-
dimensional excitation-emission matrix (EEM) fluorescence for the samples on 20 July
was measured using a Hitachi F-7000 fluorescence spectrometer (Hitachi High Tech-10

nologies, Tokoy, Japan) with a 700-voltage xenon lamp at room temperature. The
scanning ranges were 220–400 nm for exitation and 250–500 nm for emission, and
the bandpass widths were 2 nm for both excitation and emission. The effect of Water
Raman scatter was eliminated by subtracting a Milli-Q water blank of the EEM. The
spectra were corrected for instrumental response according to the procedure recom-15

mended by Hitachi (Hitachi F-7000 Instruction Manual). Then, the EEM was corrected
for absorbance by multiplication of each value in the EEM with a correction factor to
eliminate the inner-filter effect, based on the premise that the average path length of
the absorption of the excitation and emission light was 1/2 of the cuvette length (Singh
et al., 2010).20

2.5 Statistical analysis

The softeware SPSS 11.5 was used for statistical analyses. The differences in DOC,
TC, DIC and SUVA254 in the surface waters from different landscapes were tested
by the method of ANOVA. When P < 0.05, the comparisons or the factor tested were
considered statistically significant. By the way, to quanify the seasonal variation of the25

dissolved carbons and SUVA254, the coefficient of variance (CV) was introduced as the
index.
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3 Results and discussion

3.1 Concentrations of dissolved carbons in the landscapes

As shown in Fig. 2, there are significant differences in the mean concentrations of
dissolved carbons among the three types of landscapes during the three years. For
TC, the mean concentrations in the natural mires, namely, SLM and PLM, are signif-5

icantly larger than those in the degraded mire DGM or in the drainage ditches. The
average TC concentrations are 37.99±5.31, 24.61±5.73, and 23.34±6.25 mg l−1 for
SLM and PLM, DGM, and the ditches, respectively. The DOC concentration for PLM
and SLM, approximately 35.53±5.15 mg l−1 on the average, is nearly 2.39 times that in
the DGM (14.84±4.21 mg l−1) and 2.77 times of the average value in C-DD, B-DD, and10

A-DD (12.84±4.49 mg l−1). Statistically, the DOC concentrations are highly positively
related to TC in SLM, PLM, and DGM for all the years (P < 0.05), whereas the relation
between DIC and TC appears closer only in the ditches from A- to C-DD. As for the
concentrations of DIC in DGM and ditches, the averages 9.82 and 10.52 mg l−1 are
both significantly higher than in the natural mires where the mean value of DIC is only15

2.38 mg l−1 throughout the three growing seasons.
Noticeably, from C-DD to A-DD, the concentrations of DOC, TC, and DIC all decline

gradually. TC mean concentration has changed from 28.63 to 19.46 mg l−1 with a de-
cline proportion of 32.0 %. DOC has declined by 23.42 % (from 14.69 to 11.25 mg l−1)
and DIC by 41.74 % (from 13.99 to 8.15 mg l−1). So, the decrease of TC resulted mainly20

from the change of DIC. In the natural waters, DIC is mainly in the form of CO2−
3 and

dissolved CO2, which are prone to be released from the surface water because only
small changes in pH, temperature, and metal ion content in the water act effectively on
their loss (Ortega etal., 2005; Atekwana and Fonyuy, 2009). Besides, part of DOC is
very sensetive to UV light when transported in the courses, especially with low water25

levels like the ditches in our study (Tue-Ngeun et al., 2005). It could be the persuasive
reasons for the decreased dissolved carbons as related research in the same area
illustrates (Wang et al., 2010).
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In Fig. 2, no apparent differences in the seasonal trends of the dissolved carbons
among the three landscapes can be clearly observed. For all the sites, there are usu-
ally more than one concerntration peaks occoured during one growing season. In SLM
and PLM, TC and DOC concentrations represent the prodominant peaks usually in
late spring or late summer. In the DGM and ditches, there are two concentration peaks5

which emerge annually in June and September, which is very similar to the drainage
ditches. It seems that there is no direct relationship between air temerature and car-
bons’ concentration. But Guo et al. (2010) conclude that the linear correlation between
temperature and DOC/TC concentration only exists before mid-summer in the same
natural mires. In our study, the dynamics of standing water level seems more meaning-10

ful in the scale of whole growing season. In SLM and PLM, it can be clearly identified of
the dramatic decline of DOC/TC concentrations with the drawdown of the standing wa-
ter level in 2008 and 2010 (Fig. 3). Likewise, the concentration peaks in the DGM and
ditches also have close relationship with the dynamics of water level. But, it appears
that most of the water level peaks, representative of runoff events, are usually coinci-15

dent with the concentration troughs of DOC and TC through the three years. Hence,
it can be concluded that the dilution effect of runoff event is likely predominant over
the transport process for the dissolved carbons in the DGM and ditches. Hydrological
regime is the most important factor controlling the export dynamics of the dissolved
carbons coupling with seasonal temperature change. Worrall et al. (2008) indicates20

that the frequency of rainfall events is the key factor in controlling DOC flux and con-
centration in catchments with peat soils. In DGM and ditches, the clearly concentration
troughs in late summer may result from the high frequency of rainfall events in early
days which limit the accumulating processes of DOC in the soils.

Furthermore, the seasonal variability of the dissolved carbons exhibits great disparty25

among the three landscapes. In the ditches, the CV for TC, 0.45 on average, is appar-
ently larger than that in SLM, PLM, and DGM which only reach 0.33, 0.28, and 0.31
correspondingly. As to DOC, the CV values exhibit the same trend to TC, which proves
indirectly the significance to pay more attention to DOC in our study. The largest CV
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values in the ditches come from the voilent fluctuations in runoff through the grow-
ing season. As shown in Fig. 3, the runoff processes in the ditches are much more
short-lived and high-undulated as compared with DGM which possesses nautural river
course and catchment. The long-term mire reclamations, performed based on the de-
mand of dredging floods as quickly as possible, have inevitably resulted in the sus-5

ceptibility of runoff regime to rainfall events. But in fact, the escaped mires, like DGM,
even SLM and PLM, are also inevitably impacted by agricultural reclamation, for the
alteration has resulted in synthetical affection on the hydrological regime in the whole
Sanjiang Plain (Li et al., 2007).

As our sampling design, the dynamics of dissolved carbons in PLM and SLM provide10

a reference backdrop that there is no impact of mire reclamation. According to the
results above, the reclamation from natural mires to degraded mires and the paddy
fields has greatly lowered the export concentrations of DOC and TC to the river systems
but increased DIC concentration. Moreover, the building of drainage dithches has led
to more violent seasonal fluctuations of the dissolved carbons.15

3.2 Fractionation and SUVA254 of DOC

Apparent distinctions in the concentrations and seasonal trends of DOC fractions, Ho-
and Hi-DOC, for the three landscapes are observed in Fig. 4. Ho-DOC in natural fresh-
water is generally composed of humus and coacervates with large molecular weight,
whereas Hi-DOC is composed of relatively simple compounds which is more prone20

to be replaced from soil mineral surface and be utilized by microbes as opposed to
Ho-DOC (Peuravuori et al., 2001). In Fig. 4, the man concentrations of Ho-DOC are
much higher in SLM and PLM (26.39±8.21 and 22.51±6.07 mg l−1) than in DGM
(8.65±3.57 mg l−1) and the ditches (6.20±3.01 mg l−1). But there is no remarkable dif-
ferences for Hi-DOC, which average values in all the sites focus mainly on the limited25

range from 5.59 to 9.29 mg l−1. It is can be concluded that Ho-DOC takes the major
part of DOC in SLM, PLM, while Hi-DOC takes precedence in the ditches. But in all the
sites, Ho-DOC shows positive relation to total DOC significantly (P < 0.05).
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During the growing seasons, Ho-DOC shows different patterns between natural
mires and other sites. In SLM and PLM, Ho-DOC concentrations exhibit unimodal
curves with the apex occurring either in spring or summer. While in DGM and ditches,
Ho-DOC decreases typically from spring to late August, and then abruptly rises in
early September, followed by a decline in mid-October. The CV value for Ho-DOC in5

the drainage ditches, 0.58 on the average, is much higher than that in the nautral and
degraded mires with average of 0.44 and 0.33, respectively, and there exists the same
trend to Hi-DOC, which further reveals the significant response of DOC components to
the ditches’ hydrological regime after mire reclamation.

SUVA254 has been suggested as an index of the aromaticity of DOC and indi-10

cates the most stable components in the dissolved carbons (Maurice and Leff, 2002).
SUVA254 values in the three landscapes show no clear fluctuation during the en-
tire period with the mean CV values reaching 0.14, 0.18 and 0.23 for the SLM and
PLM, DGM, and the ditches, respectively (Fig. 5), which illustrates that the seasonal
change of temperature and hydrology only put relatively gentle influence on DOC aro-15

matic characteristics. The mean seasonal SUVA254 for SIM and PLM, 4.30±0.70
and 4.45±0.49 l mg−1 m−1, are significantly larger than those of other sites. The
mean SUVA254 is 2.82±0.50 l mg−1 m−1 for DGM, and 2.00±0.42, 2.20±0.60, and
2.46±0.48 l mg−1 m−1 for C-DD, B-DD, and A-DD. The marked differences suggest that
aromatic carbon content of DOC is much lesser in degraded mires and ditches than20

in natural mires. Together with the dynamics of Ho- and Hi-DOC, the finding implies
that mire reclamation results not only lower DOC concentration, but also decrease its
stability in surface waters.

3.3 Chemical composition analysis by EEMs

The three-dimensional EEM fluorescence spectra of the water samples from the three25

landscapes in mid-summer (20 July) are illustrated in Fig. 6. Each EEM gives spectral
information about the chemical compositions of DOC samples. In SLM and PLM, two
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main peaks can be clearly identified from the fluorescence spectra. The first main peak
is located at the excitation/emission wavelengths (Ex/Em) of 335–340/435–440 nm
(peak A), while the second peak is observed at the Ex/Em of 265–270/440–445 nm
(peak B). Traditionally, peak A has been associated, in natural waters, with humic-like
organic substances which are usually composed of complex macromolecules, and the5

presence of this peak indicates the formation of humic acids during the composting
process (Ant́ızar-ladislao et al., 2006). In fact, there is a layer of humic soil, usually
larger than 0.5 m in depth, under the plant litter layer in SLM and PLM, which ought
to be the right reason to the clear peak of humic-like compounds. Peak B coincides
with peaks reported by Chen et al. (2003) typical of fulvic acid compounds. In compar-10

ison, the fluorescence intensities of peak A, about 1950 cps in SLM and 2970 cps in
PLM, are 300–500 cps higher than peak B. Hence, in SLM and PLM, humic-like com-
pounds are the predominant component in DOC, and fulvic acid is the other important
component.

In DGM, the chemical compositions of DOC are remarkably different with SLM and15

PLM judged by the EEM fluorescence spectra (Fig. 6). Three peaks can be identified
from the fluorescence spectra of DGM. The positions of the upper two peaks are very
similar to peak A and B in SLM and PLM. One is related to humic-like substances
with maximum fluorescence intensity of 1547 cps, while the other is the peak of fulvic
acid with the maximum flurescence intensity of 2152 cps. The third peak, whose upper20

shoulder links closely with peak B, emerges at the Ex/Em of 226–238/430–445 nm
(peak C). According to the studies of Mopper and Schultz (1993) and Coble (1996), this
peak C belongs to the typical humic-like substances of freshwater in visible region. So,
the two traditional humic-like peaks of terrestrial freshwater in UV and visible region are
both present in DGM, which are indicative of the most noticeable differences in DOC25

compositions between the DGM and SLM/PLM.
In the drainage ditches A-DD, B-DD and C-DD, there exists remarkable difference

in the spatial distribution of main fluorescence peaks in comparison with SLM, PLM
and DGM (Fig. 6). Three main peaks can be identified for all the ditches sites from
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their fluorescence spectra. The first peak emerges at the Ex/Em of 224–248/420–
440 nm (peak C) which is located in the spectra range of humic-like substances like
that in DGM. The second and the third peak for the ditches are located at the Ex/Em of
280/340–350 nm (peak T) and 220–225/340–350 nm (peak S), respectively. Peak T is
a protein-like peak which is associated with both macro-algal exudates (Parlanti et al.,5

2000) and bacterial activities from sewage- and agriculture-related organic pollution
(Baker and Inverarity, 2004). Peak S ought to be tryoptophan-like substances in low
excitation wavelengths according to the research of Wang et al. (2009). Tyrosine and
tryptophan compounds are important biological substances with aromatic structure,
and traditionally, these peaks have been associated, in natural waters, with biological10

protein-derived compounds which indicate the presence of allochthonous pollution.
In all the ditches, although the fluorescence intensity of peak C is much larger than

peak T and S, with the average values of 2733, 1845 and 1029 cps accordingly, peak T
and S are very conspicuous and independent to other peaks. In fact, peak T also oc-
curs in the EEM of DGM, but its intensity is too weak to be focused on when compared15

to other three main peaks. Hence, DOC in the ditches is mainly composed of humic-like
substances and biological substances, which is indicative of the basic discrepancy in
DOC composition and source compared with DGM, SLM and PLM. Most compounds
of DOC in the DGM, SLM and PLM mainly derive from direct decomposion of plant litter
and humic soil, while large part of DOC in the ditches comes from biological protein20

which had close relationship with agricultural activities in the catchment. Furthermore,
from C-DD to A-DD, the intensity values of all the three peaks decrease gradually ac-
cording to the ditches’ hierarchy. For example, the intensity of peak C is about 3010 cps
in C-DD, and declines to 2753 cps in B-DD, and then 2430 cps in A-DD, and the trend
is the same to peak T and S. It ought to be the dilution effect by surface runoff that25

lead to the decrease, for the possibility of the quick decomposition of humic-like sub-
stances and biological substances in such a short distance from C-DD to B-DD, less
than 5 km, is considerably samll. Of course, the decomposition of DOC by microbe and
UV light or the adsorption by mineral soil is sure to take effect to a certain degree.
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But more detailed researches are needed to reveal the degradation process of DOC
components, as well as DIC, when transporting from the plain.

It is concluded that the chemical compositions of DOC in the three landscapes are
clearly discrepant. In the natural mires, DOC is composed of humic-like organic sub-
stances and fulvic acid compounds, with similar composition to the degraded mire,5

while DOC compositions in the drainage ditches are mainly humic-like substances,
protein- and tryptophan-like substances. Hence, mire reclamation has greatly altered
the DOC composition with more biological substances exporting from the Sanjiang
Plain, indicating a result of extensive agricultural pollution.

4 Conclusions10

Concentrations of TC, DOC, and DIC, especially the chemical compositions of DOC,
in the natural and degraded mires, and drainage ditches in the Sanjiang Plain are
measured in the present research. A quality dataset will help in understanding the
extensive alteration of the export dynamics of the dissolved carbons from the plain
after 50 years of successive mire reclamation. The presented results lead us to three15

major conclusions as follows: (1) a reduced loss of DOC and TC and an associated rise
in the level of DIC in the degraded mires and artificial ditches are observed compared
with those in natural mires. (2) A decreased stability of DOC in the degraded mires
and ditches is found compared with the natural mires. (3) The chemical composition
of the DOC has greatly been altered with more biological substances in the ditches20

compared with natural and degraded mires. In total, the longterm mire reclamation
has greatly declined DOC export concentration and chemical stability, and altered its
chemical compositions in the Sanjiang Plain.
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Fig. 1. Map of the sampling sites for the natural mires, degraded mires and drainage ditches  
in the Sanjiang Plain, Northeast China. 
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Fig. 1. Map of the sampling sites for the natural mires, degraded mires and drainage ditches in
the Sanjiang Plain, Northeast China.
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 Fig. 2. Dynamics of the dissolved carbons in the natural, degraded mires and the ditches during the study  

period from 2008 to 2010. 
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Fig. 2. Dynamics of the dissolved carbons in the natural, degraded mires and the ditches during
the study period from 2008 to 2010.
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Fig. 3. The rainfall and standing water levels in the main sites during the study period from 2008 to 2010. 
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Fig. 3. The rainfall and standing water levels in the main sites during the study period from
2008 to 2010.
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Fig. 4. DOC fractionation for the three landscapes during the study period in 2009 and 2010. 
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Fig. 4. DOC fractionation for the three landscapes during the study period in 2009 and 2010.
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Fig. 5. SUVA254 values of DOC for the three landscapes during the growing period in 2009 and 2010. 
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Fig. 5. SUVA254 values of DOC for the three landscapes during the growing period in 2009 and
2010.
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Fig. 6. Excitation-emission matrix (EEM) spectra for the water samples on July 20th  
in the three landscapes.  
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Fig. 6. Excitation-emission matrix (EEM) spectra for the water samples on 20 July in the three
landscapes.
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