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Abstract Chromophoric dissolved organic matter (CDOM)
is an important optically active substance that can transports
nutrients and pollutants from terrestrial to aquatic systems.
Additionally, it is used as a measure of water quality. To in-
vestigate the source and composition of CDOM, we used
chemical and fluorescent analyses to characterize CDOM in
Heilongjiang. The composition of CDOM can be investigated
by excitation-emission matrix (EEM) fluorescence and paral-
lel factor analysis (PARAFAC). PARAFAC identified four
individual components that were attributed to microbial
humic-like (C1) and terrestrial humic-like (C2–4) in water
samples collected from the Heilongjiang River. The relation-
ships between the maximum fluorescence intensities of the
four PARAFAC components and the water quality parameters
indicate that the dynamic of the four components is related to
nutrients in the Heilongjiang River. The relationships between
the fluorescence component C3 and the biochemical oxygen
demand (BOD5) indicates that component C3 makes a great
contribution to BOD5 and it can be used as a carbon source for
microbes in the Heilongjiang River. Furthermore, the relation-
ships between component C3, the particulate organic carbon
(POC), and the chemical oxygen demand (CODMn) show that

component C3 and POC make great contributions to BOD5

and CODMn. The use of these indexes along with PARAFAC
results would be of help to characterize the co-variation be-
tween the CDOM and water quality parameters in the
Heilongjiang River.
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Introduction

Nature river ecosystems serve as important water resources
and natural bioreactors for the degradation of pollution and
are also a significant source of drinking water. Polluted river
ecosystems may hamper local economic development (Qin
et al. 2010; Wang et al. 2014). Dissolved organic matter
(DOM) can be found in all natural aquatic environments,
which represent one of the largest pools of organic carbon
on Earth (Hedges, 1992). It is the main source of energy
(carbon) for heterotrophic bacteria (Carlson, 2002).
Chromophoric DOM (CDOM) is defined as the component
of the total DOM that absorbs light in the ultraviolet and
visible range of the electromagnetic spectrum (Coble, 2007).
CDOM is a complex mixture of organic compounds that orig-
inates from a wide range of sources such as the decomposition
of bacteria, algae, or plants and their continuous transforma-
tion through photochemical andmicrobial processes that plays
an important role in the global carbon cycle (Coble, 2007;
Kowalczuk et al. 2013). CDOM, present as humic-like com-
ponents and protein-like components, represents a large frac-
tion of the dissolved organic material that contributes to light
absorption and fluorescence by non-chlorophyllous material
in coastal regions (Fellman et al. 2010). CDOM can also con-
tribute to global warming through the mineralization of
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dissolved organic carbon (DOC) (Bertisson and Tranvik,
2000; Zhang et al. 2011). The mineralization of carbon-
containing organic compounds always leads to CO2 and CO.
CDOM can be used to discriminate and trace water masses
(Coble et al. 1998) and estimate the concentrations of DOC
and specific constituents (e.g., amino acids and lignin) (Guo
et al. 2011).

The fluorescent characteristics of CDOM have been exten-
sively investigated owing to the technological advances in
fluorescence spectroscopy, especially the development of
excitation-emission matrixes (EEMs) (Coble, 1996), and suc-
cessfully applied to identifying terrestrial, marine, and anthro-
pogenic components (Baker 2011). EEM offers several major
advantages over single-scan methodologies such as providing
new information regarding the fluorescence CDOM composi-
tion and source of a sample (Coble et al. 1993). However, to
conquer the difficulty in identifying individual fluorescence
components in water, simple and multivariate data analysis
techniques such as principal component analysis (PCA)
(Boehme et al. 2004) and parallel factor analysis
(PARAFAC) have been used (Stedom et al. 2003). EEMs
can capture miscellaneous fluorophores present in CDOM,
which can also identify different characteristics of CDOM
with various sources and biochemical pathways (Hudson
et al. 2007). EEMs combined with PARAFAC have been ap-
plied to trace photochemical and microbial reactions with or-
ganic matter (Stedmon and Markager 2005a; Singh et al.
2010). PARAFAC analysis can decompose fluorescence
EEMs into independent groups of fluorescence components
(He et al. 2013) and provide a unique solution to the DOM
EEM dataset, and it is regarded as an important analytical tool
to characterize the CDOM in complex coastal regimes (Singh
et al. 2010). Two primary fluorescent groups have been iden-
tified in CDOM in natural waters: humic- and protein-like.
Humic-like substances are complex mixtures containing aro-
matic and aliphatic compounds derived from the decay of
organic matter, whereas protein-like substances have to do
with high biological activity (Harvey and Boran 1985;
Stedmon et al. 2003). The number of studies on CDOM using
EEM-PARAFAC in estuarine environments is increasing (He
et al., 2013; Guo et al., 2011). In the environment, the variable
concentration and composition of CDOM have substantial
effects on the health of ecosystems through processes such
as nutrient availability (Boavida and Wetzel, 1998) and light
attenuation (Markager and Vincent, 2000). In the
Heilongjiang River, the large quantity of humic substances
confers the black color to stream water and has a significant
impact on the quality of the water and carbon cycling. It is
therefore of paramount relevance to improve our understand-
ing of fate of CDOM at the high concentration of humic sub-
stances river water.

Eutrophication owing to high concentrations of phospho-
rus and nitrogen is a serious environment problem in estuarine

systems in China. Previous studies have shown that the turn-
over of DOM is proposed to occur with dissolved phosphorus
and nitrogen indexes (Hopkinson et al. 2002; Kragh and
SØndergaard, 2004). Qualls and Haines (1991) considered
that the DOM plays an important role in terrestrial and stream
ecosystems owing to its being a major mode of export of
phosphorus and nitrogen. Therefore, characterizing the rela-
tionships between DOM and nutrients may provide an effec-
tive management of water quality and control of eutrophica-
tion. Heilongjiang is a large complex estuarine system located
in the northeast of China that directly flows into the west bank
of the Pacific. There are large quantities of humics in the water
of the Heilongjiang River. In the southwest of the
Heilongjiang River, there are many mountains from which
runoff flows into Heilongjiang carrying a large amount of
DOM. Therefore, the Heilongjiang receives substantial terres-
trial deliveries of DOM. The CDOM fraction of the terrestrial
deliveries confers a brown color to the water, often referred to
as Bbrowning,^ and it plays a central role in the carbon cycle in
Heilongjiang. Furthermore, the organic pollution indicators of
biochemical oxygen demand (BOD5) and chemical oxygen
demand (CODMn) are at a high level in some areas of
Heilongjiang. Therefore, there is a need to characterize the
properties of DOM to identify the influencing indicators of
water quality in the Heilongjiang River. However, to our
knowledge, there have not been any detailed studies charac-
terizing the concentration, composition, source, and properties
of CDOM, despite the fact that it is an important biogeochem-
ical factor for the carbon cycle in the Heilongjiang River.
Therefore, further work is needed to characterize the CDOM
in the Heilongjiang River.

In the present study, we used EEM fluorescence measure-
ments to characterize the distribution of the CDOM concen-
tration, composition, and sources in the Heilongjiang River.
Moreover, examining the relationships between different fluo-
rescence components and water quality parameters, we sought
to understand (1) the characterization of CDOM in the
Heilongjiang River, (2) the influencing factors of BOD5 and
CODMn, and (3) the co-variation between CDOM and
nutrients.

Methods

Sampling strategy

The Heilongjiang originates from the Hailar River and its
stream length is up to 4370 km. It flows through China,
Russia, and Mongolia, with its watershed area in China ac-
counting for approximately 48 % of the whole basin area. The
Greater Khingan Mountains, Lesser Khingan Mountains, and
Changbai Mountains are along the Heilongjiang from north-
east to southwest. Surface water samples were collected from
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eight tributaries of the Heilongjiang River located in northeast
China. The sampling areas are as follows: EER (121° 28′
59.8″ E, 53°19′ 55.1″ N); LGR (121° 35′ 24.2″ E, 53° 21′
08.2″ N); HMSR (126° 39′ 59.1″ E, 51° 44′ 07.5″ N); HMR
(126° 36′ 27.2″ E, 51° 39′ 54″ N); HR (127° 31′ 23.8″ E; 50°
05′ 28.7″ N); MR (131° 03′ 09″ E, 47° 41′ 12.6″ N); TJR
(132° 39′ 51.9″ E, 47° 57′ 18.7″ N); WSR (134° 40′ 2.8″ E,
48° 13′ 55.8″ N) (Fig. 1).

Water samples were collected using acid-cleaned Niskin
bottles in June 2014 throughout these eight areas. We chose
20 stations to collect samples. After the sample collections,
they were held on ice in the field (without being frozen)
(Fellman et al. 2008) and immediately sent to the laboratory
in darkness. Some water samples were filtered using pre-
rinsed 0.45-μm nucleopore membrane filters for DOC, phos-
phorus, nitrogen, chlorophyll (Chl-a), and fluorescence anal-
yses. The remaining water samples were used for the measure-
ment of CODMn, BOD5, and particulate organic carbon
(POC). The water samples were stored in a refrigerator at
4 °C, and all of the measurements were made in the laboratory
within 3 days after collection.

Physico-chemical analyses

Analysis of DOC

DOC was analyzed by using a SHIMADZU TOC-Vcph ana-
lyzer. First, the machine gives the total amount of carbon (TC)
in the sample by burning it and the resulting CO2 is detected
by a gas analyzer. Phosphoric acid is then added into the
sample to obtain the inorganic carbon (IC). Finally, the sub-
traction of the IC from TC produces the DOC.

Analysis of CODMn and BOD5

Titration with acidic potassium permanganate was used for the
determination of CODMn, which is the equivalent amount of
oxygen needed to decompose organic substances present in a
sample when treated with acidic potassium permanganate.
The measurement of CODMn was all based on the procedures
from BMonitoring and Analytical Method of Water and Waste
Water^ (State Environment Protection Administration of
China 2002). The samples were carried without attenuation
to test BOD5 using a HACH BODTrak analyzer.

Analysis of total dissolved phosphorus, dissolved reactive
phosphorus, ammonia nitrogen, nitrate nitrogen, and nitrite
nitrogen

Total dissolved phosphorus (TDP) was determined by the
method of phosphorus persulfate digestion. The analytical de-
termination of dissolved reactive phosphorus (DRP) was
based on the phosphomolybdic acid methodology, as modi-
fied by Murphy and Riley (1962). The method of Nessler’s
reagent colorimetry was used to measure the ammonia nitro-
gen (NH4

+–N) water quality (MEP China Ministry of
Environmental Protection of the People’s Republic of China
2009). Ultraviolet spectrophotometric method was used for
determining nitrate nitrogen (NO3

−–N), and nitrite nitrogen
(NO2

−–N) was measured by the method of N-(1-naphthyl)
ethylenediamine spectrophotometry. These analytical
methods were based on the procedures from BMonitoring
and Analytical Method of Water and Waste Water^ (State
Environment Protection Administration of China 2002).

Fig. 1 Location of the Heilongjiang River in China and the distribution of sampling sites
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Analysis of POC and Chl-a

The filters for particulate organic carbon (POC) were dried for
24 h at 50 °C and stored in a vacuum dryer until analysis. All
of the glassware was washed with 1 M HCl and ultrapure
water and combusted at 450 °C for 6 h. All the filtration
samples were washed with 1 M HCl to remove carbonate.
POC was analyzed by a carbon/sulfur analyzer. To measure

Chl-a, the water samples were filtered using pre-rinsed
0.45-μm nucleopore membrane filters, and the filters were
dried at a low temperature. After that, the filters were thor-
oughly dissolved in 90 % acetone solution. The extractions
were centrifuged at a speed of 3000 r/min. Finally, the
absorbance of the supernatant was measured at wave-
lengths of 750, 663, 645, and 630 nm. The formula
for Chl-a was as follows:

Chl�a mg=m3
� � ¼ 11:64� D663−D750ð Þ−2:16� D645−D745ð Þ þ 0:10� D630−D750ð Þ � V 1½ �

V � δ

where V is the volume of the water sample (L), D is the
absorbance value, V1 is the volume of the supernatant
(mL), and δ is the path length of the cuvette (cm). The
method of measuring Chl-a is based on the procedures
for BMonitoring and Analytical Method of Water and
Was t e Wa te r^ (S t a t e Env i ronmen t P ro t e c t i on
Administration of China 2002).

Fluorescence spectroscopy

The EEMs were measured using a PerkinElmer LS50B
fluorescence spectrophotometer with a clear quartz cu-
vette at room temperature. Filtered water samples were
irradiated with excitation wavelengths from 200 to
490 nm at 5-nm intervals, emission wavelengths were
recorded from 250 to 550 nm at 2-nm intervals, and the
scan speed was adjusted to 1200 nm min−1. The
methods of correcting and standardizing the EEMs were
as follows (Stedmon and Bro, 2008; McKnight et al.,
2001; Murphy, et al., 2013): (1) The instrument was
corrected according to the manufacturer’s instructions
before analyzing the samples. (2) To eliminate the
inner-filter effect, the EEMs were corrected for absor-
bance by the multiplication of each value in the EEMs
with a correction factor, based on the premise that the
average path length of the absorption of excitation and
emission light was one half of the cuvette length. The
c o r r e c t i o n i s e x p r e s s e d ma t h em a t i c a l l y a s
FIFE =FCorr × 10

(AEx + AEm)/2, where FIFE and FCorr are
the corrected and uncorrected fluorescence intensities,
respectively, and AEx and AEm are the absorbance values
at the current emission wavelengths. (3) Subsequently,
Milli-Q water blank EEMs were subtracted from the
sample EEMs to eliminate the Raman peaks, and then
the EEMs were normalized to the daily determined wa-
ter Raman-integrated area maximum fluorescence inten-
sity (350Ex/397Em). (4) The Rayleigh and Raman scat-
tering peaks of each scan centered on the respective
scatter peaks were removed and then the excised data

were replaced with interpolated data using the Delaunay
triangulation method by FLToolbox developed by Wade
Sheldon (University of Georgia) for MATLAB. The
fluorescence intensities measured were reported in
Raman units (R.U.) in this study.

PARAFAC analysis

A total of 160 EEMs of water samples from the
Heilongjiang River were analyzed by PARAFAC. The
PARAFAC analysis was carried out in MATLAB with
the DOM Fluor toolbox, following the procedure de-
scr ibed by Stedmon and Bro (2008) . For the
PARAFAC modeling, excitation wave-lengths from 200
to 220 nm were deleted from each EEM because of
random data fluctuations. PARAFAC statistically decom-
poses the DOM three-way data into individual fluores-
cence components with regard to their spectral shape or
number (Stedmon et al. 2003). The model was run with
non-negativity constraints applied to each dimension
(Murphy, et al. 2013; Stedmon and Bro, 2008). An ini-
tial exploratory analysis was performed in which out-
liers were identified and removed from the dataset. No
samples were considered outliers. Two to seven compo-
nents were computed for the EEMs. The determination
of the number of components was primarily based on
split-half validation and the analysis of the residuals of
residual loadings (Stedmon and Bro, 2008). The concen-
tration scores of the PARAFAC components were
expressed as maximum fluorescence intensities (Fmax)
(R.U.) for each modeled component.

Statistical analysis

Correlation analysis and t test were conducted using
SPSS version 22. Origin Pro 9.1 was also used to
analyze the relat ionships between fluorescence
components.
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Results

PARAFAC model results

The combined data set was split into two random halves called
BHalf1^ and BHalf2^ to perform the split-half validation pro-
cedure. PARAFACmodels were run for each of the Half1 and
Half2 data groups. The 4-component model was successfully
validated in three independent data sets to ensure the correct-
ness of the modeled CDOM components by the PARAFAC
model using the split-half validation procedure. The EEM
spectra and excitation and emission loadings of the four com-
ponents are shown in Table 1. Table 2 provides the excitation
and emission characteristics of the CDOM components with
identified and examples of matching components identified
by other researchers who modeled CDOM EEMs in various
marine, oceanic, and estuarine environments. Although four
individual components were determined for this dataset using
the PARAFACmodel (Table 1), our results do not suggest that
only four types of fluorophores were present in all samples or
that all four components were present in the majority of the
transect samples (Table 1). Other fluorescent groups are cer-
tainly present, but their influence is so weak that they cannot
be distinguished from the noise. Therefore, these four fluores-
cence components could explain most of the variation. All
components contained multiple peaks, except for component
C3. Generally, these four components had single emission
maxima.

Component C1 is composed of two peaks with excitation
maxima at 240 and 320 nm with one emission peak centered
at 390 nm (Table 1). These fluorescence characteristics could
be categorized as the previously defined humic-like peak M
(Coble, 1996). The spectral features are similar to other re-
ported microbial humic-like components and have a lower
molecular weight (Stedmon et al. 2005b; Williams et al.
2010; Yamashita et al. 2008).

Component C2 is also composed of two peaks with exci-
tation maxima at 240 and 340 nm, and emission maxima were
observed in the EEMs at 436 nm, although they were
red-shifted compared to C1 (Table 1). This component
was characterized as a mixture of the traditional terres-
trial humic-like peaks A and C according to Coble
(1996). Previous studies have demonstrated that this
component is derived from terrestrial plant or soil or-
ganic compounds (Fellman et al. 2010).

Component C3 exhibits a single excitation/emission wave-
length pair of <240/448 nm (Table 1) and it is typically cate-
gorized as a terrestrial humic-like component (Yamashita et al.
2008; Kowalczuk et al. 2009; Mueller et al. 2012). This com-
ponent has shown to be a dominant DOM exported from the
catchments during the warmermonths of the year and presents
its highest concentrations in forest stream and wetlands
(Stedmon et al. 2003; Stedmon and Markager, 2005a).

Component C4 is composed of two peaks with excitation
maxima at 280 and 400 nm and one emission peak centered at
480 nm (Table 1), which could be categorized as the previ-
ously defined peaks A and C (Coble, 1996). This component
represents fluorophores that have the longest excitation wave-
length and broadest excitation band, as well as the longest
emission wavelength associated with a broad emission band.
Such excitation and emission characteristics are associated
with terrestrial organic matter that is composed of large mo-
lecular weight and aromatic organic compounds (Stedmon
and Markager 2005b; Kowalczuk et al. 2013). In the
Heilongjiang River, we did not detect protein-like fluores-
cence, and the contributions of components C1–4 were all
characterized as humic-like substances.

Distribution of PARAFAC components

The spatial variations of the percentage distribution of the four
PARAFAC components of each study area are shown in
Fig. 2. The percent distributions of C–4 in the Heilongjiang
River range from 41.8 to 53.0, 16.9 to 24.1, 11.1 to 23.1, and
14.0 to 18.5%, respectively (Fig. 2). Component C1 generally
had the highest relative distribution in the Heilongjiang River
at each sample site. The high intensity of C1 indicates the
impact of this type of organic matter on the Heilongjiang
River. The spatial trends of the relative distribution of %C1
and %C4 were generally similar, with the highest values in
HR and the lowest values in WSR. There were no significant
differences in the relative contribution of C2 in most of the
study areas. As for the terrestrial component C3, its spatial
trend of the relative distribution was opposite from that of
C1, with the highest values in WSR and the lowest values in
HR (Fig. 2). Figure 3 shows the plots of components against
each other for the data set and the variability in the Fmax of the
fluorescence components. C1, C2, and C4 were almost per-
fectly linearly correlated (p<0.001), but C3was not correlated
with the other three components.

Spatial distribution of water quality parameters

The mean values of the physico-chemical parameters in each
study area are presented in Fig. 4. The mean values of DOC
and CODMn ranged from aminimum of 16.64±8.83 and 7.10
±1.17mg/L in HMR to amaximum of 33.73±8.76 and 27.60
±6.80 mg/L in HR, respectively. The mean values of the POC
concentration ranged from a minimum of 5.45±1.91 mg/L in
HMSR to a maximum of 40.70±16.64 mg/L in WSR. The
mean BOD5 concentrations ranged from a minimum of 0.157
±0.124 mg/L in EER to a maximum of 2.390±0.457 mg/L in
MR. The spatial trends of BOD5 were similar to those of
CODMn, with high values in HR and downstream (MR,
TJR, and WSR) and low values in HMR and upstream
(EER, LGR, and HMSR). The mean values of TDP ranged
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Table 1 PARAFAC model output showing fluorescence signatures of
the four fluorescence components. The contour plots above present the
spectral shapes of the excitation and emission of the four components.
The line plots present split-half validation results of the four components;

excitation (left) and emission (right) spectra were estimated from the two
independent halves of the dataset (red and green lines) and the complete
dataset (black lines)
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from a minimum of 0.056±0.016 mg/L in LGR to a maxi-
mum of 0.086±0.032 mg/L in MR. The mean DRP concen-
trations ranged from a minimum of 0.017± 0.006 mg/L in
LGR to a maximum of 0.031±0.008 mg/L in TJR. The mean
values of NH4

+–N and NO3
−–N ranged from a minimum of

0.134±0.151 and 0.063±0.078 mg/L in HMSR to a maxi-
mum of 0.562±0.249 and 0.563±0.58mg/L in TJR. NO2

−–N
ranged from 0.004±0.004 mg/L inMR to 0.012±0.066 mg/L
in TJR.

Correlation among PARAFAC components and water
quality parameters

CODMn and BOD5were used as basic water quality indexes to
estimate the organic matter in the Heilongjiang River. CODMn

was significantly correlated with POC, and fluorescence

component C3, and the presence of BOD5 was complemented
by the increased POC and fluorescence component C3
(Fig. 5), which suggests that POC and fluorescence compo-
nent C3 made a great contribution to the CODMn in the
Heilongjiang River.

As shown in Fig. 6, the fluorescence components were
significantly correlated with the selected water quality param-
eters. Significant relationships were found between NH4

+–N,
DRP, Chl-a, and component C1 (r=0.273, −0.375, and 0.515;
p< 0.001, p< 0.001, and p< 0.001; n= 160) (Fig. 6 a–c).
Component C2 was highly correlated with DRP and Chl-a
(r = 0.290 and 0.431; p < 0.001 and p < 0.001; n = 160)
(Fig. 6d, e). Furthermore, significant linear relationships were
found between POC, NO2

−–N, TDP, Chl-a, and fluorescence
component C3 (r= 0.213, 0.200, 0.183, and −0.179; and
p < 0.01, p < 0.05, p < 0.05, and p < 0.01; n = 160)
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Table 2 Spectral characteristics of excitation and emission maxima of the four components identified by PARAFAC modeling for the whole EEMs
data set collected in the Heilongjiang watershed compared to previously identified sources

Fluorescent component Peak position λEx/Em (nm) Description and probable source Reference

C1 240, 320/390 Microbial humic-like substances Microbial component 3 = 295/398c

Component 6 = <260 (325)/385d

Component 1 = (240) 320/396f

C2 240, 340/435 Terrestrial humic-like substances Component 4 = <250 (360)/440b

Component 5 = 345/434c

Component 8 = <260 (355)/434g

C3 <240/450 Terrestrial humic-like substances Terrestrial component 1 = <240/436a

Component 1 = <260/458d

Component 2 = 250/420e

C4 280, 400/480 Terrestrial humic-like substances Component 3 = (270) 360/478a

Component 3 = (275) 390/479d

Component 4 = (270) 390/508f

a Stedmon et al. (2003)
b Stedmon et al. (Stedmon and Markager 2005a)
c Stedmon et al. (Stedmon and Markager 2005b)
d Yamashita et al. (2008)
e Kowalczuk et al. (2009)
f Kowalczuk et al. (2013)
gMurphy et al. (2008)
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(Fig. 5f–i), and component C4 was significantly corre-
lated with NH4

+–N, DRP, and Chl-a (r= 0.289, −0.322,
and 0.474; p< 0.001, p< 0.001, and p< 0.001; n= 160)
(Fig. 6j–l).

Discussion

Characteristic of CDOM in the Heilongjiang River

In this study, all of the fluorescence components were
assigned as humic-like material, but the spectral characteris-
tics of the protein-like fluorophore were not detected in
Heilongjiang (Table 2). The spectral characteristics of the ex-
citation and emission of these four components presented in
this study fit well with the components previously identified

by other authors and reported in the literature (Table 2). In
some other inland water studies such as at White Clay Creek
(Cory and Kaplan, 2012), Xinan River (Liu et al. 2014), Taihu
Lake (Zhang et al. 2014), and Yangtze River (Wang et al.
2015), protein-like components were detected, but in the
Heilongjiang River, protein-like components were not detect-
ed. The absence of protein-like components has seldom been
noted in other lake and river water studies. The protein-like
component is strongly associated with bioavailable and liable
organic substrates as well as degraded peptide material
(Hudson et al., 2008). Compared with humic-like compo-
nents, protein-like fluorescence components are more likely
used by microbes as an energy source. In a previous study, the
protein-like component was used as an indicator of organic
pollution (Baker and Inverarity 2004; Hur and Cho, 2012)
derived from anthropogenic activities. Hence, the absence of

0.05 0.10 0.15 0.20 0.25
-0.05

0.00

0.05

0.10

0.15

In
te

ns
ity

 (
F

m
ax

 C
2)

Intensity (F
max

 C1)

Y=0.0141+0.382X
r=0.836; p<0.001; n=160

0.05 0.10 0.15 0.20 0.25
-0.05

0.00

0.05

0.10

0.15

In
te

ns
ity

 (
F

m
ax

 C
4)

Intensity (F
max

 C1)

Y=-0.007+0.397X
r=0.867; p<0.001; n=160

0.00 0.05 0.10 0.15
-0.05

0.00

0.05

0.10

0.15

In
te

ns
ity

 (
F

m
ax

 C
4)

Intensity (F
max

 C2)

Y=0.007+0.588X
r=0.586; p<0.001; n=160

0.00 0.05 0.10 0.15

0.05

0.10

0.15

0.20

0.25

0.30

In
te

ns
ity

 (
F

m
ax

 C
1)

Intensity (F
max

 C3)

0.00 0.05 0.10 0.15

0.02

0.04

0.06

0.08

0.10

0.12

0.14

In
te

ns
ity

 (
F

m
ax

 C
2)

Intensity (F
max

 C3)
0.00 0.05 0.10 0.15

0.00

0.02

0.04

0.06

0.08

0.10

0.12

In
te

ns
ity

 (
F

m
ax

 C
4)

Intensity (F
max

 C3)
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the protein-like fluorescence component in the Heilongjiang
River indicates that the water quality of the Heilongjiang was
not significantly influenced by anthropogenic activities.

Four components were identified by the PARAFACmodel-
ing of the CDOM fluorescence spectroscopic data from the

Heilongjiang River. The microbial humic-like component C1
generally had the highest relative distribution (approximately
50 %), higher than those of terrestrial humic-like components
C2–4 in each sample site. This result is similar to that in
Tainmuhu Lake (Zhang et al. 2011), suggesting that microbial
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humic-like organic matter was an important source for these
four components in the Heilongjiang River. The Fmax of fluo-
rescence components C1, C2, and C4 were almost perfectly
linearly correlated (p<0.001) (Fig. 3), indicating that they are
controlled by the same factors (Liu et al. 2014). However,
component C3 was not correlated with the other three compo-
nents. This difference in the behavior of specific components
from the general trend could be identified by the use of the
PARAFAC technique, which helped identify the difference in
C3 that was apparent in the single fluorescence excitation
(Table 1). In addition, the total relative percentage (%) of
terrestrial humic-like components (C2, C3, and C4) in each
study site ranges from 47 to 58 %. This indicates that the
concentration of fluorescence components at the sample site
may be correlated to the terrestrial input in the Heilongjiang
River. There are the Greater Khingan Mountains in the south-
west of the upstream of Heilongjiang, the Lesser Khingan
Mountains in the southwest of the midstream, and the
Changbai mountains in the southwest of the downstream
(Fig. 1). First, the inland tributaries would take partly terres-
trial DOM into Heilongjiang. Second, the mountain runoff
formed by the melting snow or rain carries a large amount of
organic substances. As reported in the literature, the humic
fraction was the largest soil organic carbon fraction of the
black soil in the northeast region of China (Heilongjiang area)
(Xing et al., 2005). The inland tributaries and mountains run-
off are rich in organic matter. Therefore, the CDOM compo-
nents in Heilongjiang are mainly influenced by the terrestrial

input organic matter. The delivery of the terrestrial DOM sub-
sidy plays an important role in catchment carbon budgets
influencing the ecology of surface waters. In addition, the
inputs of allochthonous DOM into the watershed are tied to
the carbon cycle and influence the environmental aspects of
the Heilongjiang River.

Relationships between BOD5, CODMn, and fluorescence
components in the Heilongjiang River

The degree of organic pollution that occurs due to an exces-
sive amount of organic matter has typically beenmonitored by
measuring BOD5 and CODMn values in rivers (Hur and Cho,
2012). As previous studies reported, protein-like components
make a great contribution to BOD5 (Baker and Inverarity,
2004). In the Heilongjiang River, there were significant posi-
tive relationships between terrestrial humic-like component
C3 (r=0.433, p<0.001; n=160), POC (r=0.564, p<0.001;
n=160), and BOD5 (Fig. 5). This result indicates that terres-
trial humic-like component C3 may easily be used by mi-
crobes as a carbon source and the input of terrestrial organic
matter would have an influence on the biomass in the
Heilongjiang River. However, component C3 in the
Heilongjiang River is not a major component (Fig. 2). These
results indicate that the bioavailability of DOM in the
Heilongjiang River is not high. The presence of CODMn was
complemented by the increased POC (r=0.398, p<0.001;
n= 160) and component C3 (r= 0.187, p< 0.05; n= 160)
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(Fig. 5), which suggests that POC and component C3 make
great contributions to CODMn in the Heilongjiang River. POC
is a labile C pool in the forest soil system, which enters the
ecosystem mainly from litter fall and leaves the ecosystem via
soil respiration, lateral transport, and seepage (Sun and Wang,

2014). Therefore, the significant positive relationships be-
tween BOD5, CODMn, and POC indicate that POC
transported from the forest system into water make a contri-
bution to the carbon cycle in the Heilongjiang River.
Furthermore, the fluorescence of terrestrial humic-like
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component C3 shows significant positive relationships with
BOD5 and CODMn. These results suggests that the water qual-
ity of the Heilongjiang River was mainly influenced (repre-
sented by CODMn and BOD5) by terrestrial inputs organic
material. A high level of BOD5 deteriorates the river water
quality by the rapid decomposition of biodegradable organic
matter and the subsequent depletion of dissolved oxygen,
while CODMn traditionally represents the total organic matter.
In Heilongjiang, high levels of BOD5 and CODMn occur at
HR and downstream (Fig. 4), which can be attributed to the
terrain. Many mountains are seated beside the HR and its
downstream watershed, such as LKM, CBM (Fig. 1).
Melting snow or runoff from the mountains that may carry a
large amount of DOM would influence the quality of the wa-
ter. Although there is also a GKM upstream of HR in
Heilongjiang, owing to the geographical position of GKM,
its melting snow or runoff would not enter the Heilongjiang
River in a great amount and produce a great impact on the
water (Fig. 1).

Relationships between fluorescence components
and water quality parameters

Eutrophication poses severe threats to the quality, safety, and
sustainability of water resources worldwide (Heisler et al.
2008; Qin et al. 2010). Phosphorus and nitrogen indexes that
could evaluate the level of eutrophication were also tested in
terms of the relationships with fluorescence components
(Fig. 6). The indexes of dissolved phosphorus and dissolved

nitrogen can be attributed to the turnover of DOM (Qualls and
Haines 1991; Hopkinson et al. 2002; Kragh and SØndergaard,
2004). Therefore, as an exporter of phosphorus and nitrogen,
DOM plays an important role in terrestrial and stream ecosys-
tems. Bacteria and algae in the water can use these nutrients
for their growth. After algae die, their residues partly indirect-
ly contribute to the content of DOM. Significant correlations
between the fluorescence components and water quality pa-
rameters indicate a common controlling factor of the compo-
nents and the selected parameters concentrations in the
Heilongjiang River. In the Heilongjiang River, Chl-a showed
significantly positive relationships with component C1
(r = 0.264, p < 0.001; n = 160), C2 (r = 0.239, p < 0.001;
n=160), and C4 (r=0.263, p<0.001; n=160), but signifi-
cantly negative relationships with component C3 (r=0.224,
p<0.01; n=160) (Fig. 6). Notably, the correlation coefficient
between Chl-a and component C1 was higher than that be-
tween Chl-a and C2 or Chl-a and C4 (Fig. 6); this was partly
attributed to higher relation of Chl-a and C1. The presence of
C1 in our water samples was similar to microbial oxidized
components (Cory and Mcknight, 2005) and phytoplankton
degradation releases humic components due to microbial ac-
tivity (Zhang et al., 2011). The appearance of component C1
in our river samples suggests a microbial humic component
originating from the microbial transformation products.
Previous studies have demonstrated that this component may
be produced autochthonously in aqueous environments
(Borisover et al. 2009, and Zhang et al. 2011). Chl-a is an
important component in the cells of phytoplankton.
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After phytoplankton dying, the Chl-a would be released
from the phytoplankton cells to the water, while some or-
ganic matter of phytoplankton residue would also be trans-
formed into C1 (Cory and Mcknight, 2005; Zhang et al.,
2011). Component C3 could be used as a carbon source for
microbes, so some phosphorus and nitrogen would be re-
leased from the biodegradation of component C3. The re-
leased phosphorus and nitrogen could help phytoplankton
growth. In addition, fluorescence components C1, C2, and
C4 show significant negative relationships with DRP. The
concentration of NH4

+–N generally had negative relationships
with fluorescence components C1 and C4. Fluorescence com-
ponent C3, which has a negative relationship with Chl-a,
shows significant relationship with NO2

−–N and TDP, which
may indicate that the dynamic of component C3 is different
from those of components C1, C2, and C4 in the Heilongjiang
River.

Conclusions

In this study, four fluorescence components C1 (microbial
humic-like component), C2–4 (terrestrial humic-like) were
identified in the Heilongjiang River. The result of statistical
analysis shows that terrestrial humic-like component C3 is
easily used by microbes as a carbon source in the
Heilongjiang River, and POC may make a great contribution
to CODMn. The results of BOD5 and CODMn in HR and its
downstream showed high values, indicating that melting snow
or runoff from the mountains that may carry large amounts of
DOMwould influence the quality of the water. Relevant anal-
ysis results showed that the phytoplankton residue would also
be turned over into C1 by microbial transformation and C3
could be potential nutrients for phytoplankton growth in the
Heilongjiang River.
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