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fluorescence scan for DOM characterization and EEM interpretation. With this interesting method, he
investigated the polarity and molecular weight distribution of fluorescent DOM species in surface water,
municipal wastewater and dye wastewater. Especially, his work corrected the traditional inappropriate
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Characterization of dissolved organic matter in natural water using
HPLC/HPSEC coupled with UV absorbance and multiexcitation/emission fluorescence scan
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Abstract Dissolved organic matter (DOM) in surface water was characterized by reversed-phase high performance
liquid chromatography (RP-HPLC) and high performance size exclusion chromatography (HPSEC) coupled with UV
absorbance and multi-excitation/emission fluorescence scan. In the investigated water samples, there were three
major fluorescent DOM species fractionated by their differences in polarity and molecular size, which also mainly
contributed to the UV254 absorbance. The humic-like fluorophores were always eluted together with the protein-like
fluorophores, further confirming that the spectrally independent humic-like and protein-like PARAFAC components
might not exist independently. By comparison of fluorescence intensity, the polarity and molecular size of fluorescent
DOM species in RP-HPLC and HPSEC chromatograms were further related together. The results in this study
contribute to a better understanding of the fluorescent DOM in natural water, and have important implications for
estimation of their behaviour in water treatment processes.
minimal fluorescent structures. The polarity and
molecular size are important properties of the bulk
DOM molecules, which can affect their behavior in
both natural and engineered systems. Recently, we
introduced reversed-phase high performance liquid
chromatography (RP-HPLC) and high performance
size exclusion chromatography (HPSEC) coupled with
multi-excitation/emission fluorescence scan for EEM
interpretation and DOM characterization, which could
reflect relationships between DOM’s fluorescence
spectra and their physicochemical properties.[5] In a
comparative study, we also demonstrated that the
current EEM-PARAFAC analysis could not reflect the
variety of DOM species with similar fluorescence,[6]
which might result in the inconsistent behavior and
chemical interpretations assigned to the similarappearing fluorescent components across studies.[2, 7]
Therefore it is important to study the fluorescent DOM
species in combination with their polarity and
molecular size.
In this study, we firstly report an investigation of
surface
water
with
chromatography
multiexcitation/emission scan, which focuses on identifying
the major fluorescent species, reflecting relationships
between protein-like and humic-like fluorophores, and
relating UV absorbance, fluorescence, polarity and
molecular weight together.

Introduction
Dissolved organic matter (DOM) in natural water,
including humic substances and proteins, plays an
important role in water photochemistry, nutrient
availability, biological activity, contaminant transport
and finally global warming.[1] In water treatment
processes, the composition and characteristics of
DOM also substantially affect coagulation efficiency,
membrane fouling, oxidants demand and formation of
disinfection byproducts (DBPs).[2] Therefore,
characterization of DOM is very important for
improving treatment efficiency as well as control of
DBPs formation.
Fluorescence excitation emission matrix (EEM)
spectroscopy has been extensively applied for frequent
characterization of fluorescent DOM in both natural
and engineered water systems.[2] Among a series of
mathematical methods for EEM interpretation, parallel
factor analysis (PARAFAC) is a multivariate analysis
technique, which can decompose the overlapped
fluorescence
into
spectrally
independent
components.[3] Researchers often relate the location
and shape of PARAFAC components to previously
identified components for validation of their results,
and a general consensus has been reached that there
are two major classifications of fluorescent DOM
components, i.e., humic-like and protein-like
components.[2] Compared with protein-like (tyrosine
or
tryptophan-like)
components,
humic-like
components exhibit more temporal or spatial
variability, which could be further classified by
possible origin (e.g., terrestrial and marine) or EEM
location (e.g., Peak A, C and M).[4]
However, notice that the fluorescence
characteristics of DOM might be mainly decided by

Experimental
Tongyu River, which runs from south to north and
across watersheds of Huai River and Yangzi River in
China, serves as the important drinking water sources
for the north cities of Jiangsu Province. Herein water
samples were collected from the Tongyu River across
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eight cities. The detailed sampling information is not
shown here.
The fluorescence EEM analysis was conducted on a
Hitachi F-7000 spectrofluorometer. Water samples
were further analysed by the Agilent 1200 LC systems
coupled with UV absorbance and fluorescence
detectors. For the RP-HPLC application, the Eclipse
XDB-C18 column (150×4.6 mm, 5 μm) was applied.
The mobile phase was a mixture of acetonitrile and
ammonium acetate solution (10 mmol) using modified
elution procedure. The HPSEC operation and
molecular weight (MW) calibration was according to
our previous demonstration.[5] According to results of
EEM,
FLD
parameters
were
setup
as
Em=340/Ex=220~300 or Em=430/Ex=220~400 for
multi-excitation scan of protein-like or humic-like
fluorophores, respectively. HPLC or HSEC multiemission scan was setup as Ex= 230/Em=300 ~ 500
nm. The UV absorbance spectra from 200 to 300 nm
were also conducted in tandem with the fluorescence
scan for each sample.

Figure 2 Emisstion-time-maps of (a) HPLC and (b)
HPSEC.
The typical RP-HPLC emission-time-map is
shown in [Figure 2-a]. There were mainly three
fluorescent DOM species with elution time roughly at
1.2 min (Peak a1), 1.4 min (Peak a2), 1.8 min (Peak
a3), respectively. With C-18 column, the relatively
hydrophilic species will be eluted with shorter
retention time. According to the elution procedure
applied in this study (not shown here), all the
fluorescent DOM species were quickly eluted with
acetonitrile content lower than 35%, indicating that
they are quite hydrophilic. In the typical HPSEC
emission-time-map [Figure 2-b], there were also three
major fluorescent species with elution time roughly at
8.0 min (Peak b1), 8.4 min (Peak b2), 9.0 min (Peak
b3), respectively. With size exclusion column, DOM
species with shorter retention times are of higher
molecular size. Inferred from the calibration kit, the
apparent molecular weight distribution of such
fluorescent DOM were as the following: Peak b1 over
than 21.3 kDa, Peak b2 about 21.3 kDa and Peak b3
around 12.3 kDa. In summary, three major fluorescent
DOM species were identified by both HPLC and
HPSEC, despite the spatial variation of sampling sites
in Tongyu River.

Results and Discussion

Figure 1. The typical EEM spectra of water samples
Identification of fluorescent DOM
The typical EEM fluorescence spectra are given
in the [Figure 1]. Four major peaks were found with
the peak-picking function of the instrument FL
solution software, which are roughly at Ex230/Em340,
Ex280/Em330, Ex240/Em430 and Ex340/Em435 nm.
Despite minimal shifts in peaks’ locations, similar
EEM spectra have also been reported in literature.[8]
Generally, fluorescence peaks with Em>370 nm
represent the humic-like fluorophores, whereas the
fluorescence peaks with Em<370 nm represent the
protein-like fluorophores. Inferred from the RP-HPLC
multi-excitation scan at Em340 nm or Em430 nm (not
shown here), both protein-like and humic-like
components display dual-excitation peaks, which is
well consistent with our previous demonstration. The
multi-excitation phenomena of fluorophores can be
elucidated by the rapid internal conversion of excited
electrons to the lowest vibration level of the first
excited state.[9] Based on the multi-excitation
property, all fluorophores can be reflected by
chromatography multi-emission scan from 300 nm to
500 nm at Ex230 nm.

Relationships between humic-like and protein-like
fluorescence
The current PARAFAC analysis prefers a large
EEM dataset to mathematically decompose EEM
spectra into spectrally independent fluorescent
components,[2] whereas the HPLC or HPSEC multiemission scan separates the fluorescent DOM species
in each sample according to their differences in
polarity or molecular size.[6] In both HPLC and
HPSEC emission-time-maps [Figure 2], it is worth
noticing that all the humic-like fluorescence (Em>370
nm) were simultaneously eluted with the protein-like
fluorescence (Em<370 nm), that is, each of the major
fluorescent DOM species contained both humic-like
and protein-like fluorophores. Similar phenomena
were also observed in the humic-like DOM species in
municipal effluents.[6] Such phenomena might arise
from the relatively strong interaction between humiclike and protein-like fluorophores, which could not be
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further separated by C-18 and size exclusion columns.
However, humic substances are complex and
heterogeneous supramolecules with a high content of
aromatic structure. It is well known that tryptophan
and tyrosine are the major fluorescent amino acids that
result in related protein-like fluorescence. And aniline
is the critical fluorescent structure of tryptophan,
similar to the function of phenol to tyrosine. In
addition, lignin phenols have been demonstrated with
protein-like fluorescence.[10] Because proteins, plant
lignin and its transformation products are important
precursors taking part in humification process,[11] it is
more likely that the humic supramolecules directly
contain the derived structure of phenol or aniline. The
results in this study further confirmed that the
spectrally independent humic-like and protein-like
PARAFAC components might not exist independently.
Additionally, there were some independent proteinlike species with minimal fluorescence, which are not
combined with humic-like fluorophores [Figure 2].

fluorescence peaks represent tightly associated DOM
species that no rearrangement occurred during
separation, by comparison of their normalized
percentage, it is obvious that the relationships between
HPLC and HPSEC fluorescence peaks are as the
following: Peak a1 related to Peak b2 (DOM a1-b2),
Peak a2 related to Peak b3 (DOM a2-b3), and Peak a3
related to Peak b1 (DOM a3-b1). The results also
indicate that the contribution of DOM species to the
total humic-like fluorescence in EEM are in the order
of DOM a1-b2 > DOM a3-b1> DOM a2-b3.

Figure 4. (a) HPLC UV absorbance spectra and
(b) HPSEC UV absorbance spectra.
The UV absorbance spectra have also been used
for frequent characterization of DOM. However, due
to the high heterogeneity, the UV absorbance spectra
of DOM are quite featureless. Herein some
phenomenological parameters (e.g., adsorption
coefficient, absorption ratio or spectral slope ratio at
certain wavelengths) have been applied for estimation
of DOM’s properties.[12] Especially, the UV
absorbance at 254 nm (UV254) is often used as an
indicator for DOM’s concentration and aromaticity.
To identify the relationship between UV absorbance
and fluorescence spectra, the HPLC or HPSEC UV
absorbance spectra were conducted in tandem with
fluorescence scan for each sample (Figure 4). By
comparison of the corresponding UV absorbance and
fluorescence spectra (Figure 4-a vs Figure 2-a; Figure
4-b vs Figure 2-b), it is obviously that the three major
fluorescent DOM species mainly contributed to the
UV254 absorbance. Additionally, the nonfluorescence DOM species showed UV absorbance
lower than 240 nm and had apparent molecular weight
lower than 12.3 kDa.

Figure 3. The normalized intensity of
fluorescence peaks extracted from (a) HPLC and (b)
HPSEC.
Relating UV absorbance, fluorescence, polarity and
molecular size together
The polarity and molecular size of fluorescent
DOM species could be related together via comparison
of fluorescence peaks’ intensity between RP-HPLC
and HPSEC fingerprints. To avoid interference from
some independent protein-like species, the peaks’
intensity at Em430 nm was extracted from all
emission-time-maps to represent the major fluorescent
DOM species [Figure 3]. Despite spatial variation, the
normalized percentage of fluorescence peaks didn’t
vary significantly. In HPLC results, Peak a1
contributed the largest portion to total humic-like
fluorescence (50%~57%); Peak a2 and a3 accounted
for 16%~20% and 23%~33%, respectively. Whereas
in HPSEC results, Peak b2 was responsible for
41%~50%; Peak b1 and Peak b3 took up 29%~37%
and 21%~24%, respectively. Assuming that the

Environmental implications
Knowledge
of
DOM’s
physicochemical
properties is of great importance to estimate their
behaviour in both natural and engineered systems.
DOM a1-b2 and DOM a3-b1 exhibited similar humiclike fluorescence spectra, suggesting that the humiclike peaks in EEM could be further separated into
different species. Compared with municipal effluents,
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the surface water in this study contained relatively few
independent
protein-like
fluorophores.
The
independent and combined protein-like fluorophores
are doomed to behave differently in natural and
engineered systems. Additionally, the combination of
protein-like and humic like fluorophores might
indicate their synchronous behaviour in physical
treatment processes, such as coagulation, membrane
filtration, anion exchange and adsorption. Although
EEM spectra have been extensively applied for
characterization of DOM in natural water bodies, few
works have addressed these factors when interpreting
EEM spectra. The HPLC and HPSEC fluorescence
fingerprints display that the composition and
concentration of fluorescent DOM were quite similar
across samples from Tongyu River, indicating that
similar water treatment process could be applied to the
investigated drinking water sources. The UV254
absorbance and EEM analysis have been applied for
estimation of DBPs formation. Similar to municipal
effluents,[6] the intrinsic relationships could be
elucidated as that the fluorescent DOM species
containing humic-like fluorophores contributed to the
major UV254 in surface water. This study further
demonstrates that the chromatography multiexcitation/emission scan could be an informative tool
for frequent characterization of DOM in surface water.
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