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Abstract

Abstract

Estuaries are the major link between land and ocean organic carbon pool.
Particulate organic matter (POM) plays important roles in the biogeochemical cycles
and ecological processes in estuarine environments. Similar to Chromophoric dissolved
organic matter (CDOM), chromophoric POM (CPOM) is a vital component of estuarine
organic carbon pool and has significant influences on the fields of carbon cycle, aquatic
photochemistry and photobiology in the estuary. There were considerable studies
focused on the estuarine CDOM, however, the researches using CPOM optical
properties to trace estuarine POM are scarce. Here, we carried out studies that focused
on a medium-sized subtropical estuary-Jiulong Estuary, using UV-Vis absorption
spectroscopy and excitation-emission matrix fluorescence spectroscopy. Our objectives
were 1) to compare the effects of different extraction methods (Milli-Q vs. NaOH) on
the optical properties of CPOM; 2) to understand the temporal and spatial variations,
estuarine behaviours and controlling factors of base soluble CPOM in the Jiulong
Estuary; 3) to investigate the potential of CPOM optical signatures as an indicator to
trace different sources of estuarine POM, combined with Chl-a and §*3C data; 4) to
discuss the dynamic variation of CPOM with tidal cycles at the fixed station of estuarine
turbidity maximum (ETM) zone in the Jiulong Estuary, and to compare the qualitative
and quantitative differences of CPOM between suspended and sinking particles
collected by sediment trap. Main findings were:

(1) There were obvious differences in the molecular structure and composition
between the water soluble and base soluble CPOM, and between CPOM and CDOM in
the Jiulong Estuary. Both the absorption spectra of water and base soluble CPOM
showed a shoulder peak around 250~280 nm which CDOM did not. A secondary
shoulder around 300~320 nm was found in the absorption spectra of water soluble
CPOM in the lower reach of the estuary. These shoulders were related to the
autochthonous organic molecules produced by phytoplankton. Similar to water soluble
CPOM, EEM spectra of base soluble CPOM from the middle and lower reach of the
estuary showed discrete peaks. These peaks were linked each other for the upper reach
CPOM samples which resembled CDOM fluorescence spectra. Besides, base soluble

CPOM was dominated by visible humic-like, tryptophan-like and tyrosine-like
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Abstract

components, while microbial humic-like component dominated CDOM fluorescence.

(2) Water and base soluble CPOM exhibited diverse sources and geochemical
characteristics in the Jiulong Estuary that water soluble CPOM was mainly expressed
as the exchangeable organic matter adsorbed into the surface of particles and base
soluble CPOM mostly presented the composition of bulk POM. Water and base soluble
CPOM both showed significant decreases along the estuary. In the upper reach, the
abundance of base soluble CPOM was higher than water soluble CPOM which was the
opposite in the lower reach. Spectral slope (S27s-20s5p) of water soluble CPOM was less
variable, suggesting a reltively consistent molecular weright (MW) of POM along the
estuary. All Sz7s205p, protein-like fraction and BIX of base soluble CPOM exhibited
obviously spatial distributions, with an order of marine end-member>freshwater end-
member>ETM. The HIX index showed the opposite tendency. These changes indicated
that autochthonous CPOM fraction generally increased with increasing salinity, while
more humified and higher MW POM was relatively riched in the ETM zone.

(3) Absorption coefficient (assop) and all fluorescence components of base soluble
CPOM generally decreased with the increasing salinity, but showing considerably
spatial and seasonal changes. In the river-estuary interface, base soluble CPOM was
sequently subjected to addition and removal which was the opposite to CDOM,
indicating that the non-conservative behavior of POM may be influenced by the
processes of DOM flocculation and dissolution, adsorption and desorption of particles.
In the middle and lower reach, base soluble CPOM was dominated by the mixing of
freshwater and seawater. Normally, assop in the freshwater end-member exhibited
significantly seasonal changes with the enrichment in spring followed by dilution in
summer and re-enrichment in winter, likely due to seasonal changes of DOM transport
pathway into the river. Howver, assop could increased dramatically in summer due to
the typhoon event and were even much higher than those in winter, indicating the rapid
response of estuarine CPOM dynamics to extreme climate events.

(4) The tracer potential of spectral parameters of CPOM to estuarine POM were
examined. The results showed that the ratio of protein-like and humic-like components
intensity (P/H), 8BC-POC and the quantitatively estimated algal-POC% had
significantly positive relationships, and Sz7s-29sp generally increased with the increasing
salinity, suggesting the additions from autochthonous sources of POM with the

increasing salinity. Thus, it can be proved that the optical properties of CPOM had good
\Y
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tracing implication of POM in the estuary. As for the planktonic fluorescence
components mentioned in previous papers, the ratio of C2 (ExX/Em: 255, 360/452 nm)
in particulate and dissolved form showed inverse spatial distribution with §**C-POC in
the macrotidal Jiulong Estuary, which was the opposite to the microtidal estuary (e.g.
Neuse River Estuary), indicating that this typical component was not suitable for tracing
autochthonous POM in the macrotidal estuary.

(5) The concentration and composition of CPOM at the fixed station of ETM in
the Jiulong Estuary showed obviously tidal and seasonal changes during the tidal cycles.
assop and total fluorescence intensity showed lower values in the high and low tide slack,
but existing high value ranges in the next 1~3 h after tide slack. Sz7s-295p and protein-
like fraction also showed synchronous changes with tidal cycles, all these suggested
that CPOM concentration and composition in the ETM zone was also controlled by the
process of sediment resuspension other than the mixing of freshwater and seawater
caused by tidal cycle. Sy7s205p values in the bottom layer was commonly lower than
those in the surface water, demonstrating that more refractory and higher MW POM
was input to the bottom layer due to the resuspension process. The concentration of
CPOM showed seasonal changes with high values in winter and low values in summer
and mainly affected by seasonal variations of developing condition of ETM and
sediment transport from the watershed. POM exhibited high MW and low protein-like
fraction in winter which was just the opposite in summer, suggesting that there were
also seasonal variations in the compostion of CPOM in the ETM.

(6) Compared with suspended CPOM, the lower values of Sz75-295p, P/H ratio, BIX,
higher HIX and higher visible humic-like fraction (the sum of C3 and C5) to the total
fluorescence intensity in the sinking CPOM collected from sediment trap indicated that
more aromatic, humified and refractory POM with high MW was enriched in sinking
particles than suspended POM. This may result from the sediment resuspension which

drives a greater amount of POM upwards into bottom waters.

Key words: Chromophoric particulate organic matter; suspended particles; sinking

particles; separation and extraction; estuary; estuarine turbidity maximum
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