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Abstract

Spectral characteristics of optically active constituents (OACs) in waters are key parameters of bio-
optical modeling. Comparative analyses about the differences of optical characteristics and composition be-
tween riverine and reservoir waters in the second Songhuajiang River tributaries were conducted, and the in-
fl uencing factors impacting on chromophoric dissolved organic matter (CDOM) and organic carbon (DOC) 
were examined based on the absorption properties. Dissolved organic carbon (DOC) and total suspended 
matter (TSM) were signifi cantly higher in the riverine waters, and chlorophyll-a (Chl-a) was opposite. The 
relationship between the CDOM absorption coeffi cient at specifi c wavelength and DOC concentration both 
in the riverine and reservoir waters exhibited a positive correlation (r = 0.90, p< 0.01). The close relationship 
between Chl-a concentration and CDOM absorption confi rmed a small amount of phytoplankton absorption 
to total absorption in the individual samplings. Analysis of absorption ratio (E250:365), specifi c UV absorb-
ance (SUVA254), and spectral slope ratio (Sr) indicated that CDOM in riverine waters had lower aromaricity, 
molecular weight, and vascular plant contributions than in reservoir waters. Furthermore, non-algal particles 
played an important role in the total non-water absorption for riverine waters, and CDOM was dominant in 
the reservoir waters. This indicated that the Yinma River watershed was strongly infl uenced by the artifi cial 
discharge. As a parameter of the bio-optical model, the spectral characteristics of CDOM could help to ad-
just derived algorithms based on remote sensing and to estimate the dissolved organic carbon fl ux.
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Introduction

Dissolved organic matter (DOM), the largest reservoir 
of organic carbon on earth [1], is an important substrate 
for microorganisms fueling microbial metabolism, 
including bacteria and algae in aquatic ecosystems [2-3]. 
With respect to human health, DOM provides us with stro
ng absorption of toxic substances (e.g., mercury) in rivers, 
streams, and drinking waters [4-5]. DOM is introduced into 
the aquatic systems through autochthonous production, 
e.g., phytoplankton excretion, zooplankton, and bacterial 
metabolism [6], and allochthonous, e.g., terrestrial inputs 
and human-related contamination [7]. 

The research focus on the fl ux of DOM derived from 
terrestrial net ecosystem production on entering aquatic 
environments represents an essential link between 
terrestrial and aquatic ecosystems [8]. Chromophoric 
dissolved organic matter (CDOM) represents the optically 
active fraction of DOM in natural waters and is often 
viewed as a reliable tracer of dissolved organic carbon 
(DOC) [9-12]. CDOM provides us with unique chemical 
properties, absorption characteristic in the ultraviolet 
(UV), and visible ranges of the light spectrum [13]. Hence, 
it shows many aspects of biochemistry and optical-physics 
transformations and signifi cance [14], e.g., it infl uences 
light attenuation of ultraviolet radiation penetration 
through the waters and protects aquatic organisms [14-
16]; affects material transport, biological effect (trace 
metal and organic pollutant), and ecosystem productivity 
[17-18]; and increases the complexity about the inversion 
accuracy of remote sensing of chlorophyll-a and other 
suspended solids [11, 19-21]. 

Despite comprising a relatively small fraction of 
DOM, the strong relationships between CDOM absorption 
and DOM in coastal waters provide a means to quantify 
DOC (i.e., export of DOC fl ux) as well as sources and sinks 
of DOM from satellite retrievals of CDOM absorption 
[22].

Notwithstanding the importance of DOC, other 
research has shown that riverine export of DOC provides 
the largest fl ux of reduced carbon from land to ocean 
(0.25 Pg C yr-1), as current DOC fl ux estimates are lower 
(0.18 Pg C yr-1) [2, 5, 23]. Compared to the oceanic or 
coastal waters, the allochthonous source is proposed as 
a critical factor to determine the temporal and spatial 
variations of DOM in inland waters [24]. Especially for 
river ecosystems, they face a range of stressors from land-
use changes (e.g., deforestation, conversion to agriculture, 
urbanization) and engineering (e.g., channelization, 
impoundment). Furthermore, terrestrial DOC export is 
often associated with riverine transport of trace metals, 
pollutants, and pathogens. Hence, understanding the 
production, transport and fate of DOC in rivers and streams 
is not only the direct relevance to studies addressing issues 
from water quality to the bacterioplankton community 
structure and function, but also close links to safety, 
agriculture, and residential environment.   

However, CDOM and DOC relationships are 
complicated and are affected by environmental, and 
anthropogenic factors, and other ecological effects such 
as defoliation and algal bloom [10]. Much research has 
shown that CDOM from relatively CDOM-rich inland 
freshwaters is greatly infl uenced by allochthonous sources 
from land surface processes [25]. Particularly in highly 
dynamic periods (e.g., storms and spring freshets), both 
DOC concentration and DOM composition change 
rapidly with concurrent shifts in biolability [22]. Recently 
the development of in-situ technologies will allow for 
strengthening the understanding of DOC’s biogeochemical 
role within aquatic environments. 

Biogeochemical processing of DOM quality (e.g., 
photochemical or microbial degradation) has been related 
to CDOM parameters [6, 22]. In order to characterize 
the spatial and temporal CDOM variations in aquatic 
environments, spectral analysis of CDOM (absorption and 
fl uorescence) can trace its origin and chemical composition 
[26-27]. Based on the characteristics of the absorption 
spectrum, spectral indices (e.g., absorption coeffi cient at 
specifi c wavelength), absorption ratio (E250:365), spectral 
slopes (S, S275-295 and S350-400), the ratio of S275-295 and S350-400, 
and SUVA254 values have been developed to trace DOM 
source, molecular size, and aromatic hydrocarbon content, 
etc. [28]. Research has shown that dissolved lignin and 
phenolic substances (vacular plant) have a signifi cantly 
positive correlation with aCDOM(350) in various waters, 
e.g., waters in Hulun plateau [12] and the Congo [9], 
Liaohe [29], and Elizabeth [30] rivers. Nelson et al. (2010) 
[31] found that CDOM is strongly correlated to apparent 
oxygen utilization, and it could potentially be used as a 
tracer of biogeochemical processes in global oceans. 
Meanwhile, fl uorescence spectroscopy as an effective 
method could differentiate fl uorophores and characterize 
CDOM in various water masses [32-33].

As an important tributary of the Songhua fl uvial 
system, water quality in the Yinma River watershed has 
been highly polluted in the past three decades due to the 
fast economic development of agriculture and industry 
[34]. The accumulation of heavy metals in sediments and 
bioaccumulation of benthic organisms were highlighted 
for the Songhua fl uvial system [35]. The modifi cation 
in carbon cycle processes should be better understood 
through quantitative estimation and monitoring of CDOM 
in riverine environments, and highlight the potential utility 
of the algorithms for deriving DOC concentrations in the 
surface layer – especially examining the timing of DOC 
fl ux in highly dynamic periods (e.g., storms, snowmelt) 
[36-37]. Not just estimating DOC concentration but also 
DOM composition via CDOM holds great potential. 
This paper uses the CDOM absorption spectrum, relative 
contribution of CDOM, absorption coeffi cients, and 
spectral slope to examine compositional distribution 
and CDOM variation in the Yinma River watershed. It 
is useful for the development of a bio-optical model and 
remote sensing algorithm investigations for inland waters.
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Material and Methods

Study Area

The Yinma River watershed (124°58’~126°24’E, 
43°02’~44°53’N), an important tributary of the Songhua 
fl uvial system, is located in central Jilin Province, China 
(Fig. 1). The area of watershed is about 1.74×104 km2, 
including two main rivers: the Yinma and Yitong. The 
region is typical of the northern temperate zone continental 
monsoon climate, with a frozen period of about 150 days 
[34]. It has distinct seasons with a windy spring, a hot and 
rainy summer, a large temperature difference in autumn, 
and a cold dry winter. The mean annual temperature is 
273.45 K, yearly average precipitation ranges from 370 
to 668 mm, and evaporation is 1,438.4 mm. Ultimately 
the Yinma merges with the Yitong and fl ows to the 
second Songhua fl uvial system. Shitoukoumen Reservoir 
(125°43’~125°51’E, 43°47’~43°57’N) is a major potable 
water source for Changchun, the capital of Jilin Province. 
The reservoir is 35 km from Changchun and provides 
more than 80% of the drinking water for the metropolitan 
area, which has 3.5 million residents. The average water 
surface area is 94.2 km2 with a capacity of 702 million m3 
and average depth of 3.3 m. 

In-situ Data Collection and Processing

Water samples at 17 sites in the watershed were taken 
from the surface layer (0-0.5 m) during 19t-22 August 2015 
(Fig. 1). Coordinates for water sample sites were recorded 
by GPS (G350, UniSreong, China), water clarity was 
measured with a Secchi disk (SDD), and conductivity, pH, 
and temperature were determined by YSI multi-parameter 
probes (YSI6600,US). It’s notable that the Perspex water 
sampler and Niskin bottles were rinsed before collecting. 
The sample was collected approximately 2.5 L at each 
site and immediately kept on ice for transport or in a 
refrigerator for longer-term storage (which belongs to 
the Environment Institute, Northeast Normal University). 
Physical and chemical parameters, e.g., Chlorophyll-a 
(Chl-a), DOC concentration, and particulate and CDOM 
absorption were determined within six hours from water 
samplings.

Measurement of Absorbance and Processing

According to the quantitative fi lter technique (QFT, 
quantitative membrane fi lter technique), the particulates 
were fi ltered under low vacuum through a 0.45-μm grass 
fi ber membrane (Whatman, GF/F 1825-047). Absorbance 

Fig. 1. Location and sampling points of study area, including Shitoukoumen Reservoir (STKM, 20 sampling points from Nos. 18 to 37), 
Yitong River (YT, 11 sampling points, including Nos. 1-3, 15, 17), Yinma River (YM, 11 sampling points, including Nos. 4-14) and No. 
16 at the confl uence of the Yinma and Yitong rivers.
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of the fi ltrate was measured between 400 nm and 700 nm at 
1 nm interval using a Shimadzu UV-2600 spectrophotometer 
with Milli-Q water as a reference. Scan settings for 
the spectrophotometer are as follows: 4 nm slit width, 
250-800 nm wavelength range, 1 nm data interval, and 
100 nm-1 scan rate. The absorbance of nonalgal particles were 
bleached by 0.1% sodium hypochlorite. The absorbance of 
phytoplankton was calculated by total particulate subtracted 
from nonalgal particles. 

Likewise, the CDOM was extracted from the water 
samples by fi ltering through 0.45-μm grass fi ber membrane 
and then through a 0.22-μm polycarbonate membrane 
(Whatman, 110606). The absorbance of the fi ltered water 
was then measured in a 1-cm quartz cuvette between 200 
and 800 nm with 1-nm increments using a Shimadzu 
UV-2006. More detailed description of measuring 
absorption coeffi cients could be found in Song et al. 
(2012) [38]. In order to eliminate the backscattering, the 
absorbance at 700 nm was used to correct absorption 
coeffi cients [39]. The absorption coeffi cient (aCDOM) was 
calculated by the measured water optical density (OD) 
following the Eq. (1):

( ') 2.303 /CDOMa OD Lλλ = ⋅                 (1)

…where aCDOM(λ’) is the uncorrected CDOM absorption 
coeffi cient at given λ, OD(λ) is the optical density at 
the same wavelength, and L is the cuvette path length in 
meters. Absorbance was then converted to the absorption 
coeffi cient for total particulate, a(λ); nonalgal particles, 
ad(λ); phytoplankton, aph(λ), and CDOM, aCDOM(λ). The 
total absorption coeffi cient is the sum of ad(λ), aph(λ), 
aCDOM(λ), and aw(λ), where aw(λ) represents pure water 
absorption derived from Pope et al. (1997) [40].

Water Quality Measurement

In order to prevent pigment denaturalization, water 
samples were immediately fi ltered under low vacuum. 
Water samples for chlorophyll-a extraction were 
passed through a 0.45 μm fi ber membrane, after which 
chlorophyll-a was extracted with 90% acetone for 48 hours 
under subdued light conditions. The concentrations were 
determined with a UV spectrophotometer (Shimadzu, 
UV-2006PC); the detailed process can be found in Song 
et al. (2012) [38]. Total suspended matter (TSM) was 
determined by gravimetrical analysis, and a more detailed 
description of measuring absorption coeffi cients could be 
found in Song et al. (2012) [38]. Dissolved organic carbon 
(DOC) was calculated by subtracting dissolved inorganic 
carbon (DIC) from total dissolved carbon (TDC) by high-
temperature catalytic oxidation (953.15 K) using a total 
organic carbon analyzer (Shimadzu, TOC-VCPN).

Parameterization and Statistical Analysis

The absorption coeffi cients at wavelengths 335 
nm [aCDOM(335)], 375 nm [aCDOM(375)], and 440 nm 

[aCDOM(440)] were widely accepted as the proxy of CDOM 
concentration [41]. Specifi c UV absorbance (SUVA) 
values of the samplings were calculated by multiplying 
DOC concentration-normalized UV absorbance at 254 nm 
by a factor of 100 (i.e., 100×UV254/DOC) [28]. SUVA254 
was determined using absorbance at 254 nm by the 
DOC concentration (mg·L-1), which has a bearing on the 
content of aromatic hydrocarbon in DOM [28]. According 
to previous studies [5, 28, 17], low SUVA254 indicates 
that the autochthonous sources dominated the organic 
matter content, conversely high SUVA254 represents the 
allohthonous sources with more vascular plant inputs. 
E250:365, also related to the content of aromatic hydrocarbon, 
can trace the molecular size of DOM [42-43]. Humic 
acid (HA) makes up a high proportion of CDOM from 
terrestrial inputs, as well as fulvic acid (FA) of CDOM 
from phytoplankton degradation. CDOM spectral slope 
coeffi cient S provides further information on the type and 
source of CDOM. S275-295 and S350-400 between wavelengths 
275-295 nm and 350-400 nm were both calculated using 
a nonlinear fi t of an exponential function to absorption 
spectrum according to Eq. (2) [39]:

0( )
0( ) ( ) eS

CDOM CDOMa a λ λλ λ −= ⋅            (2)

…where aCDOM(λ) is the CDOM absorption at a given 
wavelength and aCDOM(λ0) is the reference wavelength 
(440 nm). Sr was represented by the ratio of S275-295 and 
S350-400 to avoid the limitations of spectral wavelength 
measurements [5]. Lower Sr values contained greater 
allochthonous and higher molecular weight DOM. The 
effectiveness of Sr has been demonstrated with CDOM 
samples from various waters, ranging from DOC-rich 
wetlands to photobleached coastal waters and lakes over 
high-altitude plateaus [29, 44]. The coeffi cient of variation 
(CV) is computed from the fi ltered mean and standard 
deviation of values.

Results and Discussion

Water Quality 

The samples collected in riverine and reservoir 
waters exhibited large variations in water quality (Fig. 
3), indicating the presence of complex optical active 
constituents. A signifi cant difference of TSM was also 
observed (the same as Chl-a concentration). The DOC 
concentration ranged from 2.43 to 14.44 mg L-1 in riverine 
waters, and exhibited lower values in Shitoukoumen 
Reservoir (STKM) (3.64-6.27 mg L-1). Furthermore, the 
average DOC concentration in rivers (5.62±2.9 mg L-1) 
was obviously lower than in lakes (e.g., terminal waters 
with high electrical conductivity) reported in other studies 
[12, 45]. Jiang et al. (2014) [25] found that DOC levels 
in rivers are linked to climate and watershed landscape 
characteristics. The difference of DOC between the Yitong 
and Yinma rivers may explain the pattern (Fig. 2). No. 1 
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in the Yitong presented the highest DOC concentration 
(14.44 mg L-1). The possible cause for this was DOM 
along with other nutrients coming from urban sewage. 
Consecutive DOM accumulated in No. 1 due to the lower 
microbial activity. 

The average TSM concentration in rivers 
(152.24±189.9 mg L-1) was higher than in the reservoir 
(23.79±11.23 mg L-1) due to the riverine drain and 
shallow waters in the STKM reservoir causing sediment 
re-suspension from the bottom. TSM concentration in 
the Yitong (281.13±294.6 mg L-1) was higher than in 
the Yinma (89.49±100.7 mg L-1). No. 1 in the Yitong 
especially showed the opposite result with DOC and Chl-a. 
High loads of suspended matter prevented phytoplankton 
from growing due to light limitations. Totally, average 
Chl-a concentration in the riverine waters (28.34±57.25 
μg L-1) was lower than the reservoir waters (35.32±8.16 
μg L-1), and Chl-a was higher in the Yitong than in the 
Yinma (Fig. 2). No. 1 in Changchun possessed the highest 
Chl-a concentration (225.98 μg L-1), and there appeared 
many algae fl oating like green ribbons on the surface 
of the river. Continuous sewage from nearby chemical 
factories was discharged into the river, which may have 
caused the eutrophication. The input of fertilizer in the 
cropland resulted in the high Chl-a concentration (e.g., 
Nos. 15 and 17 in the Yitong). Compared to the water 
quality concentration, rivers were greatly infl uenced by 
the surrounding landscape and showed more prominent 
spatial heterogeneity than in the reservoir. 

Spectral Characteristics of CDOM Absorption

CDOM absorption spectra typically decreases in 
an approximately exponential fashion, increasing from 
ultraviolet (UV) to visible wavelengths, and the accuracy 
of CDOM measurements decreases at longer wavelengths 

[46]. Noting the high standard deviations for these values 
reaching ~50% indicating high spatial and temporal 
variability in aCDOM, CDOM absorption coeffi cients at  
specifi c wavelength has often been used as a surrogate 
for colored DOM [47-48]. Much research has confi rmed 
that there is a signifi cant correlation between DOC and 
CDOM [49-50], and occasionally there is no covariant [7]. 
The average values of aCDOM(335), aCDOM(375), and aCDOM(440) 
in reservoir waters both exhibited signifi cantly higher 
CDOM light absorption than in riverine waters (Table 1). 
The comparative analysis in the two rivers showed that the 
Yitong showed higher average values. This suggested that 
CDOM concentration for reservoir waters was higher than 
riverine waters. 

Infl uenced by the watershed landscape, aCDOM in 
riverine waters compared with the reservoir exhibited 
high temporal variability (Fig. 4). This indicated that the 
allochthonous DOM sources may contain a larger fraction 
of CDOM within the total pool of DOM compared to the 
lake DOM. For this, using a similar geographical aquatic 
environment such as riverine waters, we could randomly 
select CDOM absorption coeffi cient and spectral slope to 
estimate the light absorption spectrum or the contributions 
of optical active substances.

In order to confi rm the sources and composition of 
CDOM from different regions, the spectral slopes S275-295, 
Sr, and absorption ratio E250:365 were calculated as indicators. 
As shown in Table 1, the average E250:365 values were 
11.66±11.50 and 5.50±1.02 in the riverine and reservoir 
waters, respectively. The Yinma River (19.89±17.20) 
showed higher average E250:365 value than the Yitong 
(8.31±6.69). The high values of E250:365 observed in 
reservoir waters may be regulated by DOC fl ux for inland 
waters in time and space [44-45]. Increasing E250:365 values 
indicates a decrease in aromaticity and molecular weight 
of CDOM, but reservoir waters had higher aromaticity and 

Fig. 2. Box plots of dissolved carbon, total suspended matter, and chlorophyll-a in the watershed, Yitong River, Yinma River, and STKM 
Reservoir: a) DOC concentration (mg/L), b) Total suspended matter (mg/L), and c) Chlorophyll-a concentration (μg/L). The black line 
and the fi lled circles represent the median and mean, respectively. The horizontal edges of the boxes denote the 25th and 75th percentiles; 
the whiskers denote the 10th and 90th percentiles, and the circles represent outliers. The dash dot lines represent the average values in all 
the samplings.
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Fig. 3. The spatial distribution of water quality: a) the DOC concentration of riverine waters, b) the TSM concentration of riverine waters, 
c) the Chl-a concentration of riverine waters, d) the DOC concentration of reservoir waters, e) the TSM concentration of reservoir waters, 
and f) the Chl-a concentration of reservoir waters.
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molecularity than riverine waters. Likewise, the average Sr 
exhibited higher values in reservoir (1.34±0.19) than in 
riverine waters (0.63±0.43), and the Sr in two rivers ranged 
from 0.58±0.53 to 0.62±0.42. Lower Sr values indicated 
that the allochthonous source dominates, showing an 
identical trend with E250:365. The riverine waters showed 
higher S275-295 than in the reservoir, consistent with other 
studies [12, 38]. Previous studies have proven that S 
values were inversely proportional to CDOM molecular 
weight [1]. Higher S values indicated the percentage of 
low molecular weight fulvic acid in CDOM in riverine 
waters, signifying a decrease in aromaticity content. 

As an effective index to characterize the DOC 
concentrations, the average SUVA254 ranged from 
3.97±1.35 L mg C-1 m-1 in the riverine waters to 
6.54±0.74 mg C-1 m-1 in reservoir waters (Table 1). 
SUVA254 ranged from 2.30±0.14 L mg C-1 m-1 to 
8.70±2.80 L mg C-1 m-1 in Songnen Plain [45], and 3.08 to 
3.57 L mg C-1 m-1 in the Epula River from the tropical zone 
due to photosynthetic degradation and bleaching. SUVA254 
revealed that the contribution of vascular plant matter 
to DOM in rivers might be greater than the reservoir 
waters, and low molecular weight DOM was more 
abundant. According to the spatial distribution of water 
quality, parameters (Fig. 5), parts of samplings showed 
zero-concentration of Chl-a. Meanwhile, large average 
value was observed in the Yinma River, ranged from 
4.21±1.37 mg C-1 m-1 to 3.29±1.29 mg C-1 m-1 in Yitong 
River. In comparison to Yitong River, terrigenous inputs 
in Yima River increase the SUVA254 values. Our study 
results close to the SUVA254 in the Songnen Plain waters 
ranged from (2.3~8.7) [45], and were signifi cantly 
higher than other reported rivers [5]. It indicated that the 
aromatic moieties of CDOM in this environment were 
lower compared with reservoir waters, consistent with the 
trend of E250:365, Sr and S275-295. Previous studies [12, 45] 
showed riverine waters have less residence times due to 

the high lowability and quick exchange rates of fl ow water 
enhanced terrestrial DOC input, and more high molecular 
weight humic acid were examined. However, this opposite 
phenomenon was exhibited in terminal waters (e.g., 
reservoirs or lakes) due to the effect of photodegradation 
and microbial degradation with prolonged water residence 
times. High molecular weight of CDOM is destroyed 
by photolysis and irradiation due to the bond cleavage, 
resulting in its transformation to a low molecular weight 
pool [9]. Compared with the reported riverine waters 
[5, 12, 17, 29, 45], our studies presented signifi cantly 
opposite results. However, the steep S250-275 (0.0194) of 
CDOM and CDOM portion to fulvic acid were found in 
the Mississippi River [51]. Due to the high spectral scopes 
in shorter wavelength, near-zero absorption coeffi cient in 
longer wavelength (350-400 nm) and low concentration of 
CDOM were found. Meanwhile, Sr in the 17#, 1#,13#,10# 
and 11# showed zero values, especially the E250:365 in 
17#, 1# (Yitong River) and 10#, 11# (Yinma river). 
As observed for slope ratio Sr of S250-275: S350-400 and S250-275 
in Fig. 5, the shallowest average S350-400 values were 
analogous to data sets reported from aquatic ecosystems 
with high allochthonous inputs such as Congo River [9]. 
The landuse types (Fig. 1) and CDOM absorption 
parameters in different samplings (Fig. 5 and Table 1) 
showed the lower aromaticity and molecular weight of 
CDOM in Nos. 17 and 1, and the opposite in Nos. 10 and 
11. In comparison to Nos. 17 (cropland) and 11 (cropland 
and forest), Nos. 1 and 10 were mainly infl uenced by 
sewage water with different composition of DOM from 
city or country. 

Along with the longer residence time, DOC 
concentration decreases for inland waters in the damp 
area. In semi-arid or arid areas, the changes of DOC 
generally showed the opposite results with high alkalinity 
and conductivity in the terminal water [45].On the whole, 
soil brings more humic acid into the river, and humic acid  

Fig. 4. Absorption characteristics of the riverine and reservoir water samples: a) absorption spectra of CDOM (aCDOM) and b) average 
absorption spectra of CDOM (aCDOM). The red line marks 335, 375, and 440 nm.
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transforms to the low molecular weight DOM due to light-
degradation and biodegradation [52-53]. Accounting for 
the process of mixed diluted and degradated in the terminal 
waters, the rivers gradually showed the high molecular 
weight DOM. Brooks et al. (2007) [54] indicated that the 
process of photochemical degradation can decrease the 
aromatics of DOM. Terminal waters gradually showed 
the low molecular weight DOM. However, the watershed 
collected waters from main tributaries, which drain 
very different areas with respect to petrology, tectonics, 

and vegetation. It is expected that nutrients and CDOM 
components could be quite different from other water 
masses. A light bleaching process was not an important 
factor. 

These terrigenous inputs resulting in high loads of 
suspended matter prevented phytoplankton from growing 
due to light limitation. On the other hand, they also 
limited microbial activity. A possible explanation for the 
diverse results may be human disturbance factors, e.g., 
landscape especially for cropland and the residential land 

Fig. 5. Histogram of aCDOM(335), aCDOM(375), aCDOM(440), SUVA254, E250:365, S275-295, and Sr by gray dot line in different samplings: a) 
the confl uence of the Yinma and Yitong Rivers (No. 16), b) Yitong River, c) Yinma River, and d) STKM reservoir. The unit SUVA254 
was L mg C-1 m-1.

Table 1. CDOM absorption parameters of water samples collected from the watershed, STKM reservoir, and the Yitong and Yinma rivers.

Parameter
Watershed Reservoir Yitong River Yinma River

Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max

aCDOM(335) 5.51±3.47 0.31-10.59 7.93±1.73 5.32-11.66 5.97±4.33 1.36-10.49 5.08±3.30 0.31-10.59

aCDOM(375) 2.31±1.84 0-5.18 4.52±1.42 2.53-7.60 2.53±2.40 0-5.18 2.07±1.68 0-5.07

aCDOM(440) 0.60±0.56 0-1.71 2.28±1.12 0.65-4.6 0.74±0.75 0-1.71 0.52±0.50 0-1.61

E250:365 11.66±11.5 0-38.7 5.50±1.02 4.09-7.44 19.89±17.2 6.25-38.7 8.31±6.69 0-25.68

SUVA254 3.97±1.35 1.61-6.28 6.54±0.74 5.04-7.83 3.29±1.29 2.15-4.71 4.21±1.37 1.61-6.28

S275-295
0.0089

±0.0017
0.0069
-0.147

0.0077
±0.0005

0.0066
-0.0087

0.0086
±0.0007

0.0075
-0.0094

0.0091
±0.0021

0.0069
-0.0147

    Sr 0.63±0.43 0-1.10 1.34±0.19 1.01-1.61 0.58±0.53 0-1 0.62±0.42 0-1.1

Absorption coeffi cient units of CDOM are m-1 and the SUVA254 unit is L mg C-1 m-1.
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that the rivers fl ow through. These processes brought more 
polycyclic aromatic hydrocarbons, pesticides, and organic 
pollutants to the waters. Algal-derived DOC had lower 
color intensity than DOC from the decomposition of woody 
vegetation (humic-derived DOC), and DOC from human 
sources (e.g., wastewater effl uent) is nearly uncolored 
[55]. As a matter of fact, Chinese farmers prefer chemical 
fertilizer to organic fertilizer. Owing to the infl uence of 
biological species and thermodynamics in lake ecological 
systems, it exhibited signifi cant differences between 
riverine and reservoir waters. Meanwhile, relatively high 
molecular DOC fractions accumulated in waters due 
to a period of lake residence as long as decades. Future 
research may be able to link the integrating effects of anth
ropogenic and natural factors.

Relative Contributions 
of CDOM Absorption

The relative contributions at 440 nm are shown in 
Fig.6, and there was an obvious difference in the relative 
contributions of CDOM, phytoplankton, and non-algal 
particles between riverine and reservoir waters. The mean 
contribution of CDOM to total contributions was 12.5% 
(0~30%) in riverine waters and 43.4% (16~63%) in the 
reservoir. The relative contribution of non-algal particles 
and phytoplankton were on mean 78.1% (20~100%) and 
36.4% (21~58%) in riverine waters, and 9.4% (0~50%) 
and 20.1% (13~32%) in the reservoir. 

Non-algal particle absorption played an important 
role in total non-water light absorption for the riverine 
waters, and the same as CDOM in the reservoir. The 
mean relative contribution of CDOM (YT, 14%; YM, 
11.1%), non-algal particles (YT, 70%; YM, 83.8%) and 

phytoplankton (YT, 16.1%; YM, 5%) in the Yitong and 
Yinma rivers were consistent with the change of water 
quality. Non-algal particles in the inland, shallow, or 
coastal waters often exceeded the phytoplankton [52, 56]. 
Especially for the waters with low CDOM concentrations, 
the non-algae particle proportion has a great infl uence on 
relative contribution. The differences in the contributions 
of phytoplankton and CDOM to total absorption could 
infl uence the maximum photosynthetic rate and determine 
the photochemical mineralization of DOC [19, 44]. 
Additionally, the high concentration of non-algal particles 
increases the diffi culty of ing the adg(λ) (the sum absorption 
coeffi cient of non-algal particle and CDOM) based on 
many semi-analytical algorithms, e.g., QAA algorithms 
[57-59].

Relationship between Water Quality 
and Light Absorption

Pearson correlation between the CDOM absorption 
coeffi cient [aCDOM(335), aCDOM(375), aCDOM(440)] and 
DOC showed that there was a positive correlation 
between them (Table 2). The correlation coeffi cients 
were 0.82**, 0.84**, and 0.90** in the riverine waters, and 
0.64**, 0.62**, and 0.60** in the reservoir waters (two-
tailed, p<0.01) (Table 2). Meanwhile, there was a good 
linear relationship between aCDOM(440) and DOC in the 
riverine waters in comparison to the reservoir waters 
(Fig. 7). Previous research confi rmed that when CDOM 
and DOC co-vary, and UCDOM is constant in DOC or a 
constant ratio of CDOM to DOC exists, there should be a 
good relationship between CDOM and DOC [60]. CDOM 
dynamically converts to UCDOM based on the degraded 
and photochemical processes, resulting in some absorbing 

Fig. 6. Relative contributions of CDOM, phytoplankton, and non-algal particles to total non-water light absorption at 440 nm. According 
to the optical classifi cation of surface waters (Prieur and Sathyendranath, 1981), the relative contribution of collected water samplings 
could be classifi ed as “CDOM-type”, “non-algal particles type (NAP-type),” and “phytoplankton-type (Phy-type)” due to the variation 
of water quality parameters.
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molecules, e.g., bacteria taking-up non-absorbing CDOM 
molecules and to produce absorbing molecules [31, 53, 
61]. This indicated that the more active metabolic activity 
by microorganisms was found in aquatic environments, 
e.g., reservoir waters. 

For the riverine waters it is possible to calculate the 
fl ux of DOC base on the positive relationship between 
the DOC and CDOM. However, this relationship was 
highly variable for the inland waters in different regions 
and seasons due to the effects of terrigenous vegetation 
and non-algal particles, and the ratio was not consistent 
through the deformation of CDOM and DOC [62].

For the reservoir waters, a close negative correlation 
between the DOC and CDOM absorption parameters 
(e.g., SUVA254, E250:365 and S275-290), and the correlation 
coeffi cient were -0.69*, -0.50**, and -0.57**, respectively 
(two-tailed, p<0.05) (Table 2). There was no correlation 
in riverine waters, and similar conclusions from the 
Liqurian and Mediterranean seas were examined [13, 

63]. However, there was no correlation with DOC and 
Sr in reservoir waters, but the opposite in riverine waters 
(0.64**; two-tailed, p<0.01) (Table 2). Positive correlation 
existed between DOC and SUVA254, suggesting more 
colored parts of organic carbon in the humic acid of DOM 
in reservoir waters. Fichot et al. (2012) [48] found that it 
is possible to estimate the contribution of vascular plant 
specie to DOM based on the positive correlation between 
S275-290 and lignin phenols. This has the potential to further 
explore the relationship between the spectral slope and 
lignin and derive phenols.

Meanwhile, aCDOM(335), aCDOM(375), and aCDOM(440) 
showed signifi cantly positive correlation with Chl-a, and 
the correlation coeffi cients were above 0.50* (two-tailed, 
p<0.05) (Table 2). It was found that negative correlation 
was examined between Chl-a and S275-295 in reservoir waters, 
and positive correlation with Sr (two-tailed, p<0.05) (Table 
2), even if the low Chl-a concentration and part of CDOM 
remain derived from the degradation of phytoplankton. 

DOC TSM Chl-a

Watershed Reservoir Watershed Reservoir Watershed Reservoir

aCDOM(335) 0.82b 0.64b -0.47 -0.05 0.51a 0.50a

aCDOM(375) 0.84b 0.62b 0.51b -0.09 0.54a 0.50a

aCDOM(440) 0.90b 0.60b -0.46 -0.11 0.61a 0.49a

E250:365 -0.27 -0.50b 0.95b 0.07 -0.22 -0.44

SUVA254 0.7 -0.69b -0.46 -0.04 -0.15 0.28

S275-295 -0.44 -0.57b 0.04 0.07 -0.23 -0.48a

Sr 0.64b 0.42 -0.60a -0.09 0.37 0.48a

a p<0.05; b p<0.01
Units of DOC and TSM concentrations are mg L-1, Chl-a concentration unit is μg L-1, and the SUVA254 unit is L mg C-1 m-1.

Table 2. Pearson correlation analysis between water quality and light absorption properties.

Fig. 7. Correlations between aCDOM(355) and DOC: a) riverine waters and b) reservoir waters.
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Particularly, the close positive correlations were shown in 
riverine waters between TSM and aCDOM(375) and E250:365, 
and negative correlation with Sr (two-tailed, p<0.05) 
(Table 2). Some studies confi rmed that non-algal particles 
could affect absorption due to the high concentration of 
TSM [10]. 

Conclusion

Our research shows knowledge of CDOM optical 
properties and spatial discrepancy based on the relationship 
between water quality and spectral parameters in the 
Yinma River watershed with in-situ water data. Diverse 
results were obtained from spectral parameters, e.g., 
aCDOM (335, 375 and 440 nm), SUVA254, E250:365, S275-290, 
and Sr in the riverine and reservoir waters. The following 
conclusions were made:
1. A siginifi cant difference in water quality concentration 

was observed for riverine and reservoir waters 
(p<0.05). Terrestrial inputs (especially human effl uent 
organic matter) were the main causes of a wide range 
of water quality.

2. CDOM in riverine waters had lower aromaticity, 
molecular weight, and vascular plant contribution 
than in reservoir waters due to the strong infl uence of 
artifi cial discharge. 
Early attempts of CDOM-related remote sensing 

focused on estimations from open sea environments 
where CDOM absorption is generally low and spatially 
honogeneous [10]. Futhermore, attempting this in 
optically complex waters was explored with remote 
sensing imagery [10]. These data sets in this research 
were collected from typical highly turbid inland waters 
intensely affected by human activities. 

Optically active constituents in inland turbid waters 
are not correlated with each other when they are highly 
covaried in the oceanic and coastal waters. ag(λ) may not 
show the completely exponential function, which varied 
based on the response of water quality concentrations to 
the environmental and spatial conditions. 

Results in this research are more appropriate for 
the empirical algorithms (e.g., single band model or 
band ratio model) to retrieve CDOM. Thus the semi-
analytical algorithms (e.g., QAA-v4/v5) based on 
radiative transfer equations are sensitive to changes in the 
specifi c composition of water constituents, showing more 
uncertainties in deriving CDOM (DOC). In the future we 
will focus on verifi cation and optimization of the CDOM 
algorithm in riverine waters based on satellite remote 
sensing. 
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