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Research Progress and Prospects of Traceability Methods of
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Abstract Organic matter in sediment is an important carrier of energy and material circulation in ecosystems, and also provides an important place for
the accumulation of nutrient salts. The study of its composition, structure and characteristics is of great importance for the study of the geochemical cycle
of sediment in water environment. Identifying the source of organic matter in sediment and mastering its temporal and spatial distribution characteristics
are important ways to reveal the migration and transformation law of pollutants, which is conducive to controlling nutrient load from the source and provi-
ding strong technical support for the fine management of water environment.
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Sediment, which is an important carrier to study the charac-
teristics of lake environmental evolution and an important way to
explore the information of lake history, provides space for the
exchange of matter and energy in a lake, and is the connection
point of important links in the ecosystem. A large number of
studies have shown that internal and external pollution are the
main factors affecting lake water quality, but internal pollution has
become an important factor affecting lake water quality under the
premise of effective control of external pollution. A large amount
of carbon, nitrogen, phosphorus and other elements are gathered
in sediments. As more active chemical elements, they play a
certain role in various biochemistry and geochemistry, and also af-
fect the migration and transformation of pollutants. Under the in-
fluence of different temperature, meteorological, hydrodynamic
and biological factors, the pollutants in the sediment are released
into the upper water body again through diffusion, convection,
suspension and other ways, causing the internal factors of lake wa-
ter pollution.

Organic matter in sediment comes from complex sources, and
has different forms, structures, humification degrees, and differ-
ent impacts on the environment. At present, China has achieved
relatively remarkable results in water pollution control, but some
rivers and lakes still have problems of COD exceeding the standard
and water eutrophication. In view of the current problems such as
large spatial differences in sediment, difficult identification of
pollution sources, and incomplete treatment. In this paper, in
order to achieve legal, accurate and scientific pollution control,
the traceability method of organic matter in sediment will be stud-
ied to provide technical support for the fine management of water
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1 Sources of organic matter in sediment
Endogenous decomposition and exogenous input are the main
sources of organic matter in sediment. Endogenous decomposition
mainly refers to the decomposition of residues by animals, plants,
plankton and microorganisms. Exogenous input mainly refers to
the organic matter carried by external water supply, which is

greatly affected by temperature and precipitation.

2 Methods for tracing organic matter in sedi-

ment
2.1 Stable isotope technology Stable isotopes refer to a series
of nuclides with stable nuclear structure, with or without radioac-
tive decay and extremely long half-life, and exist stably in the
process of migration and reaction, which greatly reduces the prob-
lem of easy falling off caused by the use of external tracers. It is
simple to operate, and the results are accurate, so it is widely
used in geochemistry, sedimentology, biology, ecology and other
fields. Lakes are important carbon sinks in river basins, where a
large amount of organic matter are stored, providing an ideal carri-
er for the study of the source and change of organic matter by using
stable isotope tracer of carbon and nitrogen. During the diagenetic
process of organic matter in sediment, microbial degradation re-
sults in the change of its original molecular composition and the
loss of a large amount of organic matter, but the effect on 8" C is
small, accounting for less than 2%o of the total change of organic
carbon isotope. Therefore, 8" C in sediment preserves important
features of organic matter and has been widely used in the study of
lake sediment.

The sources of organic matter in lake sediment are complex,
and many scholars have explored the different sources of organic
matter by combining carbon and nitrogen isotopes with C/N ratio.

In general, the C/N of terrestrial higher plants, soil organic mat-
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ter, aquatic organisms, phytoplankton, and algae is above 15,
10-13,2.8-3.4, 6 -13, and 5 - 141,

The above methods can only qualitatively assess the sources

of organic matter in sediment, and different mathematical models,
such as multivariate mixed model and Bayesian mixed model, are
combined to assess the contribution rate of different sources.
2.2 Biomarker method Biomarkers are compounds with cer-
tain characteristics of biological sources, which can be preserved
well in sediment even if the environment changes. They are origi-
nally applied to the traceability of marine sediment, and have been
widely used in the estuary and inland environments in recent
years. The sources are analyzed by establishing the relationship
between different land use types and organic matter in sediment.
Commonly used biomarkers include protein, carbohydrate, lipid
and lignin, among which lipid biomarkers are the most widely
used.

n-alkanes are stable in structure, and their degradation rate
is one quarter of that of organic matter in sediment. They are one
of the most common lipid biomarkers in land plants, plankton and
aquatic plants. The maximum carbon number (Cmax) is used to
characterize organic matter from different sources. Short-chain
n-alkanes ( < C,,) are mainly synthesized by bacteria, plankton
and algae, in which C5, C,; and C,y n-alkanes are the most abun-
dant, and C,; n-alkanes mainly represent algae and photosynthetic
bacteria. Middle-chain n-alkanes (C,, —C,) are usually domina-
ted by submerged and floating macroplants, in which C,,, C,; and
C,sn-alkanes are the most abundant. Long-chain n-alkanes (C,; —
C,;) are mainly terrestrial carbon sources, and they are generally
dominated by odd homologous species, in which C,,, Cy and C;,
are abundant. C,, and C, n-alkanes are mainly synthesized by de-
ciduous trees/shrubs, while C,; and C,; n-alkanes are mainly syn-
thesized by herbaceous plants. Liu Chenyu analyzed the content of
n-alkanes and composition characteristics of sediment in four dif-
ferent habitats (river, lake, fish pond, lotus pond) of Baiyang
Lake, and analyzed the sources and evolution of organic matter in
the sediment based on principal component analysis-multiple line-
ar regression (PCA-MLR) model. The organic matter of sediment
in the fish pond and lotus pond was mainly from algae and lower a-
quatic organisms, while the organic matter of river sediment was
mainly from higher terrestrial plants. In the sediment of open
lakes, the proportion of different organic matter sources was
33.0% for lower aquatic organisms, 26.2% for higher aquatic
plants and 40. 8% for higher terrestrial plants. In addition, fatty
acids, sterols, alkanols and other lipid markers can also be used
to characterize the sources of organic matter in sediment. Biomar-
ker method is simpler and consumes less time than isotope analy-
sis, but it requires special instruments for extraction and determi-
nation. In addition, many biomarkers exist at trace levels that may
affect the accuracy of identification™’.

2.3 Spectrotechnical method Pore water in sediment is an
important medium for material exchange between sediment and
overlying water. The composition and spectral characteristics of
colored dissolved organic matter (CDOM) in the pore water can

be analyzed by three-dimensional fluorescence spectroscopy and

ultraviolet and visible spectroscopy, so as to further identify the
source of organic matter in sediment.

Three-dimensional fluorescence spectrum data is a typical
two-dimensional matrix data, with tens of thousands of spectral
points in each spectrum, which can provide rich information, but
similar components are prone to overlapping fluorescence peaks. It
is needed to select a suitable feature extraction method to compute
the data, identify and separate the overlapping fluorescence
peaks, and calculate the relative content of each component.
Common methods include parallel factor analysis, fluorescence re-
gion integration, self-organizing neural network and so on. Based
on the trilinear decomposition theory, the parallel factor analysis
method cluster spectral data by the alternating least squares princi-
ple to realize the separation of spectral matrix. By fluorescence re-
gional integration, spectra can be divides into 5 regions, of which
each region represents different types of organic matter, and differ-
ent types of CDOM are quantified and characterized by calculating
the standard volume and percentage of specific regions. Self-
organized neural network, a kind of unsupervised neural network
algorithm, can use input feature vector for reasonable distinction,
and use the self-organized network weight to characterize the
characteristics and content of each component. Ultraviolet and
visible technology is used as a supplement to three-dimensional
fluorescence spectroscopy to characterize CDOM components, and
commonly used indices include a254, spectral slope ratio S
E,/E;, etc”’.

Ty

3 Outlook

(1) The structure and source of organic matter in sediment
are complex, and the components that can be identified at present
are very limited, but there are still many components to be identi-
fied. The method introduced in this paper can only analyze its
composition qualitatively or semi-quantitatively, and it is difficult
to extract and identify a single component accurately. In order to
obtain a more accurate analysis, it is necessary to separate organic
matter by chemical analysis methods, and obtain high-resolution
molecular information by combining Fourier infrared spectroscopy,
Fourier transform ion cyclotron resonance mass spectrometry, nu-
clear magnetic resonance and other means to obtain more detailed
chemical structure, so as to more accurately reveal the sources and
chemical composition of organic matter.

(2) The sources of exogenous pollution are extensive, and
sewage treatment plants, industrial enterprises, agricultural and
rural sources, etc. will have an impact on lake sediment. In com-
bination with factors such as bedrock properties, soil types and
hydrological conditions, by means of isotopic tracer, ultraviolet,
fluorescence spectrum and mass spectrometry, it is needed to es-
tablish exogenous databases, list suspected pollutants, and man-
age the obtained information in a unified manner, so as to reduce
unnecessary duplication of work and provide reliable basic data for
the tracing of lake sediment and technical support for the manage-
ment department for accurate and scientific pollution control.

(To page 57)
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Fig. 7 Removal rate of ammonia nitrogen under the optimal
condition

2.8 Removal rate of total phosphorus under the optimal
condition When the pH of the wastewater was 7, the PMS dos-
age was 0. 15 mmol/L, the MBs intake volume was 15 ml/min,
the current intensity was 15 A, and the iron — carbon mass ratio
was 1 : 1, the changes in total phosphorus removal rate were
shown in Fig. 8. From Fig. 8, it can be seen that when the HRT
was 30 min, the total phosphorus removal rate in the wastewater
was 25.68% . However, with the increase of HRT, the removal
rate of total phosphorus showed a significant upward trend. When
HRT was extended to 120 min, the removal rate of total phosphor-
us increased significantly to 73.58% , indicating the importance of
HRT in improving the efficiency of total phosphorus removal.
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2.9 Economic analysis According to the experiment, the

treatment of rural domestic sewage by the micro-electrolysis + mi-

(From page 53)
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cro-nano bubbles coupled with peroxymonosulfate can achieve wa-
ter quality standards. According to the experimental estimation,
the main operating costs included the power consumption of the
sewage lift pump, micro-nano bubble generator, and micro-elec-
trolysis DC charger, which was approximately 0.6 kW - H/m’.
Calculated by 0. 5 yuan/(kW - h) of electricity price, the
electricity fee was 0.3 yuan/m’. The dosage of reagent PMS was
0.1 kg/m’. Calculated at 8 yuan/kg,
0.8 yuan/m’. Loss rate of micro-electrolysis packing was
25 g/m’.
0.05 yuan/m’. Therefore, the comprehensive operating cost was

1.15 yuan/m’.

the chemical cost was

Calculated at 2 yuan/kg, the consumables cost was

3 Conclusions

(1) When HRT was 120 min, the PMS dosage was 0.15
mmol/L, pH =7, MBs intake volume was 15 ml/min, the current
intensity was 15 A, and the iron — carbon mass ratio was 1 : 1,
the removal rates of COD, ammonia nitrogen, and total phosphor-
us can reach 85.79% , 76.57% , and 73.58% , respectively.

(2) Without adjusting the pH value of the sewage, the mi-
cro-electrolysis + micro-nano bubbles coupled with peroxymonosul-
fate can achieve non-biochemical synchronous decarbonization,
denitrification, and phosphorus removal of rural domestic sewage.
The concentrations of COD, ammonia nitrogen, and total phos-
phorus in the effluent met the requirements of the first-level stand-
ard of the Discharge Standard of Water Pollutants for Rural Domes-
tic Sewage Treatment Facilities ( DB45T2413 —2021), and the

comprehensive operating cost was about 1.15 yuan/m’.
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