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Abstract Understanding the roles of inland reservoirs be-
comes increasingly important with respect to global carbon
cycling as well as water resource management due to the un-
precedented demand for construction in recent decades. In this
study, the dissolved organic matter (DOM) quantity and qual-
ity in a newly constructed dam reservoir and its tributaries
were monitored monthly during the initial impounding period
(July to November 2014) using a size exclusion chromatogra-
phy (SEC) with online organic carbon detector (OCD). The
highest values were observed in the month of August with the
highest precipitation for the bulk dissolved organic carbon
(DOC), specific UV absorbance (SUVA), and most of the
assigned size fractions (except for biopolymers) in the tribu-
taries, indicating that allochthonous sources of DOM were
dominant in the feeding stream waters of the reservoir. The
bulk DOC and high molecular weight humic substance frac-
tion (∼1 kDa) were generally co-varied with the monthly pre-
cipitation in the tributaries, while building blocks (350–
500 Da), and lowmolecular weight (LMW) acids and neutrals
showed different trends. In a dam site, the smaller molecular
fractions became more abundant during the dry season

(September to November), presumably due to the in-
reservoir processes such as photo- and bio-degradation. Our
results also revealed that storms mobilized a large amount of
highly aromatic soil-derived DOM to the reservoir. A depth
profile at the dam site showed the water is well mixed up to a
depth of ∼20 m. The SEC-OCD data coupled with non-metric
multidimensional scaling provided a clear visualization of the
spatiotemporal variations in DOM composition, which shed
new light on the DOM composition formed in a newly con-
structed dam reservoir and also on the strategies for future
water treatment options.
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Introduction

The construction of manmade lentic reservoirs has increased
dramatically worldwide in recent decades. The expansion is
predicted from 400,000 km2 to nearly 1 million km2 by
2050 at a rate of 1–2 % per year (Tranvik et al. 2009;
Downing et al. 2006). Dam structures have even influenced
the current sea level such that the sea level would be ∼3 cm
higher without human activity (Chao et al. 2008). A number
of the reservoirs have been constructed to meet the increasing
need for water storage, hydroelectric power, and flood control.
Artificial reservoirs have been found to be the hotspot of car-
bon sedimentation (∼0.18 Pg C/year, Mulholland and Elwood
1982; Dean and Gorham 1998) and also greenhouse gas emis-
sion via diffusion and ebullition (e.g., CO2 and CH4, ∼0.07 Pg
CH4/year) (St. Louis et al. 2000; Cole et al. 2007; Tranvik
et al. 2009).

In many Asian countries including Korea, the annual rain-
fall is concentrated mostly during the summer monsoon
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season, which leads to floods in summer (June to August) and
droughts from late fall until early spring (September to
March). Numerous dams have been constructed in the coun-
tries to ensure the water supply for residential, industrial, and
irrigation purposes to prepare for drought or flood control
during the monsoon season, and also to generate hydroelectric
power, which benefits the social economy as well as tourism
and recreation.

Dissolved organic matter (DOM) is one of the most
dynamic organic carbon pools on Earth. It is a key player
of global carbon cycle and has been considered as a piv-
otal indicator of water quality because it affects the color,
odor, and disinfection byproduct (DBP) formation poten-
tials of drinking water supplies. Previous literature re-
vealed that dam construction and the hydraulic operation
may influence the DOM quantity and quality in reservoirs
and the downstream ecosystems (Hur et al. 2007, 2014a;
Nguyen et al. 2011; Nadon et al. 2015). A careful moni-
toring of DOM during the initial impounding period of
dam reservoirs is thus beneficial in providing an insight
into the carbon origins and the cycling in the surrounding
environments, and also to foresee the water quality of the
dam reservoir.

The DOM sources of aquatic ecosystems can be alloch-
thonous (e.g., runoff from upstream catchments and sur-
rounding terrestrial environments) and/or autochthonous
(e.g., the release from algae, macrophytes, and sediments)
(Bertilsson and Jones 2003; Aitkenhead-Peterson et al.
2003; Chen and Jaffé 2014; Chen and Hur 2015). The
in-reservoir biogeochemical processes such as photo-/
bio-degradation can change DOM composition, which
per se varies with sunlight strength, nutrient availability,
microbial community, and water residence time. The wa-
ter residence time in dam reservoirs is primarily contin-
gent on hydrological regimes such as precipitation, inflow
rate, outflow rate, and dam operation. Upstream anthropo-
genic land use (e.g., agricultural activities and wastewater ef-
fluent) and potential groundwater discharge may also affect
the trophic level and DOM composition of the downstream
water (Wilson and Xenopoulos 2009; Yamashita et al. 2011;
Chen et al. 2010, 2013; Hur et al. 2014b).

The size of DOM is closely associated with its biogeo-
chemical reactivities and DBP formation potentials (Benner
and Amon 2015; Amon and Benner 1994). Size exclusion
chromatography (SEC) allows one to easily separate DOM
into different size fractions, facilitating a better understanding
of this complex heterogeneous mixture. Although it is a com-
mon practice to couple SEC with online or offline optical
(e.g., ultraviolet, fluorescence, etc.) detectors (Chin et al.
1994; Her et al. 2003; Maie et al. 2003; Romera-Castillo
et al. 2014), data interpretation can be constrained by the lim-
itation that some fractions of DOM are optically invisible. The
problem can be resolved by employing an organic carbon

detector (OCD) (Huber et al. 2011; Amy and Her 2004; Her
et al. 2002a, b; Dittmar and Kattner 2003).

The objectives of this work were 2-fold: (1) to compare
the monthly variation in the molecular composition of
DOM in a newly constructed reservoir and its tributaries
during the initial impounding period, and (2) to provide a
better understanding of the linkage in the DOM between
the feeding tributaries and the reservoir. To the best of our
knowledge, this is the first study to examine the DOM
size composition of a dam reservoir at this very early
stage of the impoundment, which would provide critical
information on the DOM origins and the cycling in newly
constructed reservoirs and would help predict the water
quality of the drinking water supply.

Materials and methods

Study area

The newly constructed Bohyunsan reservoir is located in
the central east part of South Korea surrounded by moun-
tainous landscape, with a basin area of ∼32.6 km2 and a
reservoir area of ∼1.5 km2 (Fig. 1). Its construction started
from July 2010 and ended in May 2014. Approximately
80 % of this basin area is covered by vegetation, and
∼11 % of it is rice paddy and farm field (Fig. 1). This
multi-purpose dam reservoir was built to store water for
drinking supply, irrigation, and flood control purposes.
The length, maximum depth, and total water storage ca-
pacity are ∼3.9 km, 58.5 m, and 2.21×107 m3, respective-
ly. The infrastructure, houses, bushes, and trees previously
occupied on the reservoir area were completely removed
during the construction, and the water filling started from
May 2014. The inflow and rainfall were 1.85×107 m3 and
1008 mm, respectively, in 2014. The most intense rainfall
peaked in August during the summer monsoon season
(July to August), as opposite to the lowest in November
(Fig. 1 and Table 1). The littoral zone was not yet devel-
oped during the sampling period from July to November
2014. Five sampling sites (i.e., tributary sites #1–4, down-
stream site #5) were selected for this study. Sites #1–4 are
located at the lowest reach of the tributaries while site #5
is near the dam inside the reservoir. Sites #1–2 are more
affected by anthropogenic land use (i.e., residential and
agricultural areas) as compared to sites #3–4 (Fig. 1).

Sampling

Surface water was sampled monthly at sites #1–5 (Fig. 1)
from July until November 2014 when the volume of the
reservoir water reached approximately 50 % of the total
storage capacity. In September, an additional water
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sample was taken from each tributary site (i.e., sites #1–4)
during a storm event (September 24th) to examine the
effects of storm on the DOM in the tributaries where
substantial terrestrial runoff during the storm was expect-
ed. A vertical variation of DOM at the dam site (i.e., site
#5) was also investigated at the depths of ∼0, ∼10, and
∼20 m to examine if there is any stratification going on up
to this depth. The stream and the reservoir samples were
collected by a pre-cleaned plastic container (2 L) and a
Van Dorn sampler, respectively, before they were trans-
ferred into pre-washed plastic bottles. The samples were
kept in an ice box, and they were transported to the lab-
oratory within 12 h after sampling.

Analytical measurements

A SEC-OCD system consisting of a chromatographic column
(250×20 mm, TSK, HW 50S; Toso, Japan) and OCD (DOC
Labor Dr. Huber, Karlsruhe, Germany) was employed to mea-
sure the molecular size distributions of DOM in water sam-
ples. The column was bypassed with a back pressure-driven
restricted flow (0.1 mL/min) to obtain a bulk dissolved organ-
ic carbon (DOC) concentration. An ultraviolet detector (UVD)
was also equipped in the system. The physical description of
the SEC-OCD system is available elsewhere (Huber et al.

2011). A mobile phase containing a phosphate buffer (2.5 g
KH2PO4+1.5 g Na2HPO4·2H2O to 1 L) of pH 6.85 was used,
and the flow rate was maintained at 1.1 mL/min. An aliquot
(1 mL) of the sample was injected into the instrument and
filtered through a 0.45-μm in-line PES filter (Sartorius,
Germany) prior to the chromatographic separation and the
detection for DOC and UV absorbance at 254 nm.
Potassium hydrogen phthalate was used for OCD and UVD
calibration. ChromCALC software was used for data acquisi-
tion and data processing (DOC-LABOR, Germany). Specific
UV absorbance (SUVA) was calculated by dividing 100-fold
UVabsorbance at 254 nm by the DOC concentration of a bulk
sample. The nominal average molecular weight (Mn) is the
ordinary mean of the molecular masses of the individual mol-
ecules (Mn=∑iNiMi/∑iNi, where M is the molecular mass and
N is the number of molecules). For molecular mass calibra-
tion, Suwannee River humic acid (SRHA) and fulvic acid
(SRFA) were used, which were obtained from the
International Humic Substances Society (IHSS). The water
quality data, including total nitrogen (TN), total phosphorous
(TP), iron (Fe), and chlorophyll a (Chl-a), were measured in
the laboratory following a standard protocol (APHA,
AWWA, and WEF 2005) except for pH, temperature, dis-
solved oxygen (DO), and turbidity, which were available
from the in situ measurements.

Fig. 1 Map of the basin area and
the sampling sites by the
Bohyunsan dam reservoir (South
Korea). Tributary sites #1–4 are
located at the lowest reach of the
tributaries while downstream site
#5 is close to the dam. The
precipitation data on top was
recorded daily from July to
November 2014 at the reservoir
area. The land use data in the
basin area is shown on the right
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Table 1 Summary of the hydrological data and DOM parameters at sites #1–5 from July to November 2014

Parameter Unit Site Month Storm event

Jul Aug Sep Oct Nov

Peak inflow m3/s #5 n/a 18.6 3.6 1.3 1.2 3.6

Peak outflow m3/s #5 0.4 0.4 0.4 0.4 1.5 0.4

Rainfall mm #5 47 150 30 17 10 11

DOC mg/L #1 1.9 5.2 2.2 1.7 1.3 4.4

#2 2.2 6.2 2.3 2.1 1.6 6.0

#3 1.4 4.2 1.7 1.4 1.1 4.8

#4 2.0 3.4 1.7 1.5 1.1 4.4

#5 1.6 4.4 4.8 4.6 4.2 n/a

SUVA L/mg-m #1 3.9 4.3 4.8 3.2 3.0 5.6

#2 4.0 4.4 4.2 3.4 3.2 5.4

#3 3.0 3.7 3.0 3.3 3.2 5.4

#4 4.1 3.8 3.7 3.7 3.6 5.7

#5 3.8 4.2 3.3 3.5 3.5 n/a

Mn Da #1 779 695 732 730 731 795

#2 775 694 730 737 732 812

#3 639 631 692 725 713 819

#4 772 619 747 740 731 802

#5 723 695 758 743 732 n/a

Biopolymers
(Mn>10,000 Da)

μg/L #1 147 74 35 37 62 105

#2 121 85 28 40 33 125

#3 82 36 13 19 20 75

#4 114 30 22 31 22 64

#5 74 94 242 162 123 n/a

Humic substances
(Mn=∼1000 Da)

μg/L #1 1079 2865 947 670 506 2123

#2 1241 3333 918 864 644 3066

#3 936 2449 721 508 396 2409

#4 1273 2160 648 610 428 2179

#5 1008 2548 2080 1796 1776 n/a

Building blocks
(Mn=350–500 Da)

μg/L #1 411 814 610 481 344 1197

#2 479 1058 625 584 409 1671

#3 189 600 364 402 311 1360

#4 309 382 453 396 262 1180

#5 294 698 1303 1258 1223 n/a

Neutrals
(Mn<350 Da)

μg/L #1 314 871 538 396 329 942

#2 351 1015 562 511 365 1194

#3 300 682 376 382 300 929

#4 289 544 375 366 142 885

#5 269 744 1028 1001 1038 n/a

Acids
(Mn<350 Da)

μg/L #1 0 31 11 0 0 22

#2 0 48 6 0 0 43

#3 0 26 0 0 0 24

#4 0 14 0 0 0 26

#5 0 21 0 0 8 n/a

SUVA the UVabsorption at 254 nm in inverse meters normalized to DOC (mg/L), Mn nominal average molecular weight, n/a not measured
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Results and discussion

Seasonal and spatial variations of DOM

Variability of DOC and SUVA values

Table 1 summarizes the hydrological data, including peak
inflow, peak outflow, and rainfall, and selected DOM param-
eters at the five sites from July to November 2014. The values
of DOC and SUVA, and the raw SEC-OCD chromatograms
are shown in Fig. 2a–g. The storm effect will be discussed
separately in the subsequent section (BNMS ordination of
monthly samples at all sites^ section). As shown in Fig. 2a,
the bulk DOC was much higher in August (3.4–5.2 mg/L)
than in the other months at sites #1–4, with the lowest in
November (1.1–1.6 mg/L, p=0.006 for paired t test between
August and November), which was generally similar to the
pattern of the precipitation data (i.e., 150.4 mm in August
versus 10.4 mm in November). More input of allochthonous
DOM sources from the upstream catchments can be attributed
to the observation. In contrast, the DOC values at the dam site
(site #5) were nearly the same from August to November,
varying within a limited range (4.2–4.8 mg C/L), although a
much lower value was observed once in July (1.6 mg/L) when
the summer monsoon season just started. During the initial
impounding period, the DOC concentrations in the reservoir
appear to be governed by the feeding tributaries during the
high-flow period (i.e., rainy season). Therefore, the primary
sources of the reservoir DOM at the beginning stage could be
affected by the upstream basin rather than by autochthonous
production, although solar radiation might play a limited role
in changing the amount of DOC. It should be noted that the
hydraulic residence time of the reservoir was very long during
the initial impounding period because a low outflow rate of
∼0.4 m3/s was maintained for most of the time except for
November (1.5 m3/s). Different land uses of upstream catch-
ments may also affect the quantity and the quality of DOM in
the downstream sites (Hur et al. 2014b). For this study, sites
#1–2 were more affected by residential area and anthropogen-
ic land use (Fig. 1), which explained the consistently higher
DOC concentrations as compared to sites #3–4 (Table 1) (p=
0.010).

SUVA, an indicator of DOM aromaticity (Weishaar et al.
2003), generally showed a precipitation-related pattern with a
higher value shown in July to September versus other months
(Fig. 2e). A good correlation was found between precipitation
data and SUVAvalue (r=0.89, p<0.05). Soil- and/or biomass-
derived DOM are typically transported by storm runoff, and
the changes in the SUVA values are highly dependent on the
evolution of the DOM sources during the rain event. For ex-
ample, the input of soil-derived and biomass-derived DOM
may result in relatively higher and lower SUVA values of the
storm samples, respectively (Hur et al. 2014a; Yang et al.

2015). For this study, a lower SUVA value was shown at site
#3 even in the high precipitation month, probably due to the
dominance of biomass-derived DOM sources over the others
(such as soil-derived DOM) in the tributary (Chen and Jaffé
2014). The obviously lower turbidity values (Table S1) at site
#3 during the entire monitoring period seem to support this
speculation.

Variations of different DOM size fractions

Bulk DOM can be separated into five size fractions via SEC-
OCD, i.e., biopolymers (BP), humic substances (HS), build-
ing blocks (BB), low molecular weight (LMW) acids, and
LMW neutrals (Fig. 2b), as described elsewhere (Huber
et al. 2011). The biopolymer fraction mainly constitutes poly-
saccharides with some contributions from proteins or amino
sugars having nominal molecular weight (Mn) >10 kDa (Her
et al. 2003; Huber et al. 2011). For this study, the biopolymer
fraction accounted for only a small part of DOM, constituting
∼1–2 % in August and ∼2–5 % in November on the basis of
DOC (Fig. 3a–f). Unlike the pattern of the DOC variations,
which peaked in August (i.e., the month with the most intense
rainfall), this high molecular weight biopolymer fraction tends
to be more enriched in DOM in July (82–147 μg/L) than the
other months (13–85 μg/L) at the tributary sites (p=0.002 for
paired t test between July and September). At site #5, in con-
trast, the highest value (242 μg/L) was observed in September
concurrent with a high Chl-a value (23.8 mg/m3, see
Table S1), presumably resulting from autochthonous produc-
tion in the reservoir. The high biopolymer fraction could be
attributed to algal proliferation stimulated by the input of nu-
trients from the tributaries and/or to the metabolic products by
the elevated in situ microbial activities during the precedent
rainy season. Polysaccharides are considered to be dominant
in extracellular polymeric substances (EPS), which also con-
tain proteinaceous materials (Flemming et al. 2007;
Wingender et al. 1999).

The humic substances peak (Mn=∼1 kDa) was the most
dominant peak in the SEC-OCD chromatograms, with relative
abundance of ∼40 % in November and of >60 % in August.
Similar to the trends of the bulk DOC, this fraction peaked in
August (2160–2865 μg/L) and hit the lowest value in
November (396–644 μg/L), which matched with the precipi-
tation pattern at sites #1–4, suggesting that HS fraction can be
representative of allochthonous DOM sources from the up-
stream catchments. At site #5, the lowest value (1008 μg/L)
was found in July, consistent with the observation of the low-
est DOC in July.

The HS diagram, a plot of the spectral absorption
coefficient/organic carbon (SAC/OC) against its Mn values,
can give the information about the origins of HS (Huber
et al. 2011; Dittmar and Kattner 2003). The SAC/OC (equiv-
alent to SUVA here) is also an indicator of HS aromaticity. A

1278 Environ Sci Pollut Res (2016) 23:1274–1283



positive correlation between HS aromaticity and molecular
weight has been previously reported for aquatic HS samples
(Chin et al. 1994). The increase of SUVA may indeed be
related to humics, but it can also be increased by inorganic
colloidal material. As shown in Fig. 4a–e, the sources of DOM
were primarily pedogenic fulvic acids (FA), mixed with a
partial contribution of aquagenic FA. It was previously report-
ed that FA could be produced in situ in lakes by microbial
activity and that the lake FA had lower molecular weights
compared with soil-derived FA (Her et al. 2002a). The SAC/
OC ranged between 3.7 and 4.4 L/mg-m in August as

compared to 3.0–3.6 L/mg-m in November, suggesting more
input of pedogenic FA sources in the month with high
precipitation.

The building blocks fraction (Mn=350–500 Da) reflects
the breakdown products of humic substances, which can be
formed at the expense of HS upon a low external energy, and it
is present in most natural waters. In contrast to HS, this frac-
tion is difficult to be removed by flocculation (Huber et al.
2011). For this study, the fraction accounted for ∼16–17 % of
the bulk DOC in August and ∼28–30 % in November. Similar
to the trends of the DOC and HS fraction, it generally peaked

Fig. 2 a–h Comparison of the DOC, SUVA, and chromatograms (SEC-
OCD) among all five sites at the dam reservoir. The depth profile (h) at
site #5 showed almost complete overlap at different depths (0, ∼10, and

∼20 m). SEC-OCD five fractions as labeled in (b): biopolymers (BP),
humic substances (HS), building blocks (BB), LMW acids, and LMW
neutrals

Fig. 3 Examples of the relative
abundances of the five DOM size
fractions in surface water at
representative sites and seasons.
The percentages are the total (five
fractions) normalized values.
Higher HS (>60 %) and acid
fractions in wet season (a–c),
while higher biopolymer and
neutrals fractions in dry season
(d–f)
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in August (600–1058 μg/L) at the tributary sites with an ex-
ception of site #4 which peaked in September (453 μg/L).
This fraction, however, was present in the lowest amount in
July (189–479 μg/L) with the second highest precipitation
among the investigatedmonths, which was not consistent with
the trends of DOC and HS. The inconsistency can be attribut-
ed to the time taken for HS to be broken into building blocks
with smaller sizes. This also explains the highest value
(1303 μg/L) observed at site #5 in September instead of
August.

The LMW acid fraction (<350 Da), which are anions at a
neutral pH range, has been reported to increase with photo-
oxidation of DOM concurrent with the decreases of BP, HS,
and BB fractions (Liu et al. 2010). It usually appears as a small
peak following the broad peak of HS. The LMWacids fraction
was nearly absent in most of the months, accounting for only a
small portion in August (14–48 μg C/L, 0.5–1.0 %). It can be
inferred that the fraction was mobilized by storm runoff.

The LMW neutral fraction (<350 Da) might contain highly
complex composition including acids, alcohols, aldehydes,
ketones, amino acids, and sugars. It has also been reported
to have a similar fate and track with LMW acids (Liu et al.
2010). In this study, the LMWneutral fraction was found to be
∼18 % of the bulk DOC in August as compared to ∼27 % in
November. This fraction also peaked in August (544–1015 μg
C/L) and exhibited the lowest values in November (142–

365 μg C/L) at sites #1–4 (p=0.004). At site #5, relatively
high values (1001–1038 μg C/L) were observed from
September until November and the lowest was found in July
(269 μg C/L). Our results are comparable to a recent report,
which showed that the LMW neutrals fraction constitute a
range of the amount (4–89 %) of the total DOC and was
optically invisible in a tropical forest headwater river DOM
in response to storm events (Pereira et al. 2014). It is evi-
denced that this fraction is a significant pool of DOM with
highly complex composition, which can also be transported
by storm runoff.

NMS ordination of monthly samples at all sites

Non-metric multidimensional scaling (NMS) was per-
formed to ordinate all the monthly data at the five sites
(Fig. 5). This statistical analysis is beneficial because it
does not need to assume variable normality, and it usually
yields an accurate representation of the underlying data
structure (Clarke 1993). For this study, NMS analysis
was performed in the vegan package (vegan 2.3-0) using
R (Oksanen et al. 2015). The ordination displayed a clear
separation of the data by the months and the locations.
The monthly samples from September to November ap-
pear largely clustered together, except for site #5 clustered
separately in the dry season, supporting the spatial-

Fig. 4 a–fHumic substances diagrams (HS diagrams): nominal molecular weight (Mn) versus SAC/OC ratio (aromaticity). Comparison of the five sites
from July to November 2014. The red dots in (c) represent the sites during a storm event in September
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temporally controlled pattern discussed above in
BSeasonal and spatial variations of DOM^ section. As
expected, the samples in the wet season (i.e., July and
August) were highly associated with rainfall and high
molecular weight fractions (i.e., biopolymers and humic
substances), whereas the samples from the dry season
seem to be more affected by LMW acids and biopolymers.
The composition of the DOM samples at the dam site (#5)
was characterized by more dominance of LMW fractions
during the dry season, which contrasts with the tributary
sites for the same sampling period. This suggests that the
DOM transported from the tributaries might experience
compositional transformation within the reservoir proba-
bly resulting from photo-oxidation and in situ algal/
microbial activities. In wet season, the downstream site
#5 seemed positioned in between the upstream sites #1–
2 and midstream sites #3–4, suggesting influences from
all of these feeding tributary sites. The tributary sites #1–4
in November appear to be more represented by high
SUVA, Mn, total nitrogen (TN), conductivity, and dis-
solved oxygen (DO). The high DO values in November
may be due to the lower temperature which facilitates the
solubility of oxygen in water. The higher TN and TP
values in the dry season may be explained by potential
release of nutrients from the bottom of the reservoir dur-
ing the initial impounding period. Different land use and
vegetation types have been observed to have profound

effects on the DOM quality including SUVA values
(Chen and Jaffé 2014; Hur et al. 2014b).

Effects of storm on DOM and vertical variation
of the reservoir DOM with depth

The DOC concentrations of all the tributaries were dra-
matically increased (4.4–6.0 mg/L) in the storm samples,
as compared to the values before the storm (1.7–2.3 mg/
L) in the same month (i.e., September, p=0.003)
(Table 1). It has been reported that storms mobilize a large
amount of DOC (up to an order of magnitude) from up-
stream catchments on a timescale of minutes (Pereira
et al. 2014; Yang et al. 2015). The positions of the four
sites shift right upwardly during the storm in the HS dia-
gram (Fig. 4c), indicating more input of highly aromatic
(SUVA=5.4–5.7 L/mg-m) soil-derived HA with higher
Mn values (795–819 Da) carried by the storm runoff, as
compared to the pre-storm values (SUVA=3.0–4.8 L/mg-
m, Mn=692–747 Da) (p=0.023). Similar to the bulk DOC
trend, all five molecular size fractions also increased dra-
matically at the tributary sites during the storm (Table 1).
It is notable that biopolymer fraction was more enriched
in the storm-driven water, suggesting that the fraction
might be also mobilized from top soils to the reservoir
and might constitute a part of the reservoir DOM in ad-
dition to the aforementioned in situ production.

Fig. 5 Non-metric
multidimensional scaling (NMS)
of selected variables for all the
sites and months. Ordinations are
based on Bray–Curtis distance
(k=2, stress=0.04). The samples
largely clustered according to
spatial-temporal patterns. DOC
dissolved organic carbon, DO
dissolved oxygen, HS humic
substances, Chl-a chlorophyll a,
TN total nitrogen, TP total
phosphorus, + loading variables
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The depth profile investigated in September at the dam site,
interestingly, showed almost identical DOM quantity and
composition at the three different depths (∼0, ∼10, and
∼20 m; Figs. 2h and 4f). This suggests that the dam reservoir
water may maintain a well-mixing condition from the surface
to a depth of at least 20 m near the dam during the initial
impounding period.

Conclusions and environmental implications

The results of this study exemplified the use of SEC-OCD
coupled with NMS to track the composition and the sources
of DOM in different months for a newly constructed reservoir
during its initial impounding period. Once more, this timely
monitoring of DOM is critical for tracing the origins of the
DOM formed within the reservoir, which is also beneficial in
predicting its future water quality and carbon cycling around
the catchment. Compared with natural lakes usually with a
high autochthonous production (Wetzel 2001), the artificial
dam reservoir at its initial stage of the impoundment seems
to be primarily dominated by allochthonous DOM sources
because macrophytes and algae have not yet been fully devel-
oped. Since primary productivity is directly influenced by TN
and TP, however, the rather high nutrient level (especially sites
#1–2 more affected by agricultural land use) may promote
algae or macrophyte prevalence in the future.

The dramatic increase of DOC, particularly HS, during the
high-flow season and during the storms may pose challenges
for water quality, safety, and treatment issues. The DOM frac-
tions such as aromatic HS and HS-like building blocks have
been closely associated with DBP formation potentials, and
biopolymers and LMW acids are reported to be the main
membrane foulants (Reckhow et al. 1990; Hua and
Reckhow 2007; Cho et al. 1998; Huber 1998; Speth et al.
1998). Our findings here can thus help design and optimize
water treatment options, such as coagulation, granular activat-
ed carbon, membrane filtration, and bio-treatment. Each treat-
ment option can preferentially remove particular organic mat-
ter fractions, and the dominant fraction among the total DOM
pool can vary with the season and the episodic storm events.
Our results suggest that special caution needs to be taken for
water treatment during the summer monsoon season and the
subsequent month when the precipitation runoff carries a large
amount of allochthonous pedogenic HS into the reservoir and
reaches the outflow dam site because it increases the risks of
DBP formation potential (Yang et al. 2015).

This study further demonstrated the important roles of pre-
cipitation on the mobilization of plant- and soil-derived organ-
ic carbon from the surrounding environments to the
impounded inland reservoirs. This finding is concurrent with
a previous study, which predicted that terrestrially derived
DOM would become more prevalent in lakes as the climate

got wetter (Kellerman et al. 2014). Our study provided a better
understanding of the important roles of inland reservoirs on
the carbon mobilization at this point of time with increased
precipitation and reservoirs fueled by human activities.
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