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Abstract: Lakes are important natural sources of atmospheric methane (CHy), which should be
considered in global CHy budget estimations. However, the CHy emissions from lakes can be
highly variable, and the emissions from the river inlet region were less studied, which seriously
hamper our understanding of CH, budget estimates of lakes. Here, field measurements from over six
years (2012 to 2017) at Lake Taihu, a large eutrophic shallow lake with a complicated river network,
were conducted to address the issue. Results show that the river inlet region of the lake was a hot
spot of CH, emission. The CHy emission at the river inlet region with an annual mean value of
0.183 mmol m~2 d~! was seven times higher than that at pelagic region (0.028 mmol m 2 d~!). Peak
CH,4 emission occurred in warm seasons, and the lowest in cold seasons at the pelagic region, but
peak emission occurred in cold seasons at the river inlet region. The seasonal CH4 emission at the
pelagic region can be explained by water temperature; however, less temperature dependency of CHy
emission at the river inlet region was found. The variability of CH, emission was linked to pollution
loadings, and CHy-rich water in the inflowing river likely sustained the large CH4 emission of river
inlet region.

Keywords: eutrophic lake; CHy emission; river inlet region; seasonal variation

1. Introduction

Methane (CHy) is an important atmospheric greenhouse gas, which has great signifi-
cant warming impacts. Atmospheric CHy concentrations renewed growth since 2007, and
continue to show an increasing trend to date [1], seriously threatening the temperature
targets of the Paris Agreement. The increasing CHy4 concentration in the atmosphere moti-
vated researchers to investigate the emission sources of CHy, such as anthropogenic and
natural sources [2,3]. There is a large uncertainty in the estimation of CHy emission from a
natural source, and its influence on the variability of atmospheric CHy concentration is still
unclear, which needs to be focused on [2,4,5].

Inland water (lakes, reservoirs, and rivers) are key natural source of CHy
emissions [6,7]. Recent studies report that nearly 50% of global CH4 emissions come
from aquatic ecosystems, such as lakes [5]. Inland lakes (5 x 10° km?) only account for 3.7%
of the total land area [8], but contributes about 70% of CH,4 emissions from inland water due
to its strong anthropogenic influence and high productivity. The CH, emissions from lakes
are affected by eutrophication with algal blooms, and the increase in lake eutrophication
significantly stimulates CH4 emission to the atmosphere [9-11]. Lake eutrophication is
widespread, leading to lakes’ hot spots for atmospheric CHy emissions [9].
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The CH,4 emissions from lakes can be highly variable across time and space due to the
heterogeneity of environmental conditions. Temporally, the lake CHy4 emission flux is higher
in the summer than in the winter due to higher water temperature [12,13]. Spatially, the lakes’
CH,4 emission varied greatly, which was associated with lake morphometry [14,15], eutrophic
status [9,10], and river discharge [16,17]. It should be noted that the CH4 emission is spatially
heterogeneous in small (0.01 km? in size) to large lakes with a size of larger than 1000
km? [10,18,19]. The spatial heterogeneity seems to be controlled by river discharge [16,20],
because lakes receive large amounts of nutrients and organic matter via river input [21],
which in turn affects the CH4 emission. However, the CHy emissions from the river inlet
region of lakes were less studied, which would seriously hamper our understanding of
CH4 budget estimates of lakes.

Lake Taihu, with a surface area of 2338 km? and a mean depth of 1.9 m, is the third
largest freshwater lake in China. Here, we investigated the spatial-temporal variability
of CH,4 emission based on long-term (2012-2017) field measurement at Lake Taihu. The
lake was chosen for the study site mostly due to three reasons. First, there are 172 rivers or
channels connecting to the lake, which has distinct inflow and outflow regions throughout
the year [22,23]; therefore, it gives us an opportunity to explore the CH4 emission dynamics
at the river inlet region. Second, the lake was characterized by a subtropical climate with
a high temperature in the summer and a low temperature in the winter, it is interesting
to investigate the seasonal variation in CHy emission, especially for the river inlet region.
Third, eco-environmental issues (e.g., frequent algal blooms) made the lake become a
popular study site in China and around the world in recent decades [24-26]. It is important
to note that the northwest part of the lake was hyper-eutrophic, with severe algal blooms
mostly due to pollutant discharge via Dapu River and Yincun Port. In particular, the highly
polluted Dapu River and Yincun Port, as the main upstream rivers of the lake, discharged a
large number of external loadings into the lake. Therefore, the inlet regions of Dapu River
and Yincun Port were selected to investigate the effects of river discharge on CH4 emissions.

The specific objectives of this study are: (1) to characterize the spatial-temporal
variability of CH4 emission at the lake with river discharge, (2) to investigate the influences
of environmental conditions, including the algal blooms, on the observed CH,4 emission
variabilities, and (3) to quantify the role of the river inlet region in CH4 emission estimates.

2. Materials and Methods
2.1. Study Area and Sampling Locations

Lake Taihu (30°05/-32°08’ N, 119°08'-121°55’ E) has a surface area of 2338 km?, a mean
depth of 1.9 m and a maximum depth of 3.3 m, a length of 70 km (from north to south)
and a width of 60 km (from east to west), and a catchment area of 36,500 km? [22]. Water
temperature of the lake is remarkably uniform, varying spatially by less than 2 °C at hourly
intervals [27] and by less than 0.6 °C at monthly intervals [28]. The annual mean surface
water temperature is about 18.1 °C and the annual precipitation is about 1100 mm [10,27].
The lake was surrounded by several large cities (e.g., Wuxi City and Suzhou City), therefore,
urban pollutant discharge, domestic sewage, and agricultural fertilizers are the primary
pollution source. It is estimated that the anthropogenic nitrogen loading inputs through
inflow rivers were about 2.8 x 10* t yr~1~5.4 x 10* t yr~! [22,29]; the load of pollutants
into the lake via Dapu River alone accounts for about 50% of the total amount into the lake.
Large external pollutant discharge resulted in poor water quality and algal blooms.

Seasonal field measurements in February, May, August, and November from 2012
to 2017 were carried out. Water samples were collected at Site A from February 2012 to
August 2013, while at Site B and Site C from 2012 to 2017 (Figure 1). Site A and Site B were
located at the northwest part of the lake, which was eutrophic due to pollution discharged
by urban and agricultural runoffs [21]. Importantly, Site A and Site B were influenced by
the inflowing river, the Dapu River and Yincun Port, thus they were the river inlet region
of the lake. A previous study showed that the total nitrogen concentration of the river was
larger than 3 mg L~1 [21]. Site C was located at the central zone of the lake, which was the



Atmosphere 2023, 14, 16

3of 14

pelagic region, with low human activity disturbance. Meanwhile, water samples were also
collected seasonally at the Dapu River (Site D, Figure 1) since May 2013 to February 2016
(12 seasonal sampling sites).
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Figure 1. Map showing the three sampling sites in lake (Site A, Site B, and Site C) and the inflowing
river (Dapu River) connecting Site B.

2.2. Lake CHy Survey

Water samples were collected to measure the dissolved CHy4 concentration. In the
field, we sampled water at the fixed 20 cm depth below the water surface and poured the
water into a 300 mL glass bottle. The bottle was sealed after collection without air space
using a butyl rubber stopper. The glass bottle was washed with local bubble-free lake water
prior to collection. The collected water samples were saved in coolers in the field and then
were transported to the lab for analysis. The dissolved CHy4 concentration was determined
with the headspace equilibration method [30]. Briefly, we injected 100 mL ultra-high purity
N, gas (99.999%) into the glass bottle to create headspace at the lab, and then the glass
bottle was shaken vigorously for 5 min to allow the CHy gas to reach equilibrium between
the residual water and headspace. An air sample was drawn from the headspace section
of the glass bottle and injected into a gas chromatograph for CHy measurement. At last,
the dissolved CH4 concentration was calculated according to a temperature-dependent
Henry’s law constant.

The diffusive CH4 emission flux (Fr,, mmol m~2 d 1) across the lake—air interface was
calculated based on the bulk diffusion model, as:

Fm =k x (Cy — Ceq) @™
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the k is gas exchange velocity, Cy, is the dissolved CH4 concentration at the surface
water (at the depth of 20 cm), which was determined by headspace equilibration method
as suggested above, and Ceq is the gas concentration in the water that is in equilibrium
with the atmosphere at the in situ temperature. The gas exchange velocity k (m d ') is
dependent on wind speed at large lake [10,31], as:

k=024 x ((2.07 + 0.215u%07) x (SC/600)—“) ?)

where S, is the Schmidt number [32], and Uj is the wind speed at 10 m height and was
obtained from the Lake Taihu eddy flux net [27].

2.3. Auxiliary Data

The water temperature (Ty ), pH, dissolved oxygen concentration (DO), and specific
conductance (Spc) were measured in situ with a multi-parameter probe (YSI 650MDS,
YSI, Yellow Springs, OH, USA) in each lake survey. The water depth and water clar-
ity (given by Secchi disc depth) were also measured. Additionally, water samples were
also collected for chemical and biological property measurements. The biological and
chemical properties included total nitrogen (TN), ammonium nitrogen (NHZ—N), nitrate
nitrogen (NO; -N), total phosphorus (TP), dissolved organic carbon (DOC), and chloro-
phyll a (Chl a). The sampling and analysis of biological and chemical property variables
were previously reported in detail [21,24,33]. The seasonal precipitation and inflowing
water yield during the sampling period were obtained from the Taihu Basin Authority
(http:/ /www.tba.gov.cn/, accessed on 9 September 2022).

3. Results
3.1. Environmental Condition

The precipitation varied seasonally with the peak occurring in summer (Figure 2a).
Consistent with the precipitation, peak inflowing water yield also occurred in summer,
suggesting that precipitation controlled the variability of inflowing water yield. Generally,
the peak water depth of the two sampling sites (Site A and Site B) occurred in summer. It
should be note that water depth at Site A, with a mean value of 1.9 m, was significantly
lower than that at Site B, with mean value of 2.7 m.

Field measurements showed the water temperature between the two sampling sites
were not significant (Table 1), which was consistent with previous studies [27,28]. However,
strong seasonal variation in water temperature was found (Figure 3a), and the mean water
temperature at spring, summer, autumn, and winter were 22.6 °C, 29.2 °C, 14.1 °C, and
6.1 °C, respectively. In line with water temperature, the Chl a varied seasonally with the
peak occurring in summer and the lowest in winter. Peak nutrient concentrations occurred
in cold seasons (e.g., winter), especially for Site A, with river discharge (Figure 3c,d). Over-
all, Site A and Site B were featured by poor water quality compared to Site C. Particularly,
the pH and DO at Site A were significantly lower than that at Site B, but higher nutrients
(e.g. NHZ -N, NOj -N, TN, and TP), Chl 4, and DOC occurred in Site A and Site B (Table 1).

Table 1. Basic environmental variables of different observation sites during the observation period (Site A
(2012-2013), Site B, and Site C (2012-2017)). Data were shown as mean + one standard deviation.

Water

. Tw N Deph DO NO; -N(mg NH;-N(mg TN TP DOC Chla
Site ©0) Clanty pH (m) (mgL-1) L L1 mgL-1)  (mgL-)  (mgL1)  (ugL-D
Site A 19.83 + 0.35 + 8.04 + 1.96 + 6.09 + 127 + 1.74 + 5.26 + 0.26 + 5.50 + 20.76 +
9.34 0.10 0.16 0.32 1.22 0.52 1.00 141 0.06 0.66 17.91
Site B 18.75 + 0.26 + 7.98 + 1.94 + 6.16 + 1.03 + 143 + 479 + 0.30+0.16 496 + 2448 +
8.69 0.09 0.23 0.41 1.67 0.66 1.07 1.50 ’ : 0.97 2492
Site C 1797 + 0.31 + 8.24 + 2.67 + 8.98 + 0.52 + 0.26 + 2.07 + 0.09 + 3.70 + 16.52 +
8.97 0.12 0.27 0.27 1.74 0.41 0.15 0.78 0.03 0.86 10.12
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Figure 2. Seasonal variations of precipitation and inflowing water yield (a) of Lake Taihu and (b) the
variation in water depth at site A, B, and C during the sampling period.
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(d) TN) at the three sampling sites (Site A, Site B, and Site C) during the sampling period.
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3.2. Spatial Variations of CHy Emission

The CH, emission varies significantly across sampling sites (Figure 4). The mean CHy
diffusion fluxes at the three sampling sites were 0.322 mmol m=2 d~! (Site A),
0.143 mmol m~2 d~! (Site B), and 0.028 mmol m 2 d~! (Site C), respectively. The CHy diffusion
flux at Sites A and Site B were significantly (p < 0.01) higher than that at Site C, and the CHy flux
difference at the two estuaries (Site A and Site B) were also significant (p < 0.01). At the regional
level, the average CH, diffusion flux in the river inlet region was 0.183 mmol m~2 d~-1, which
was seven times higher than that in the pelagic region (Site C) of the lake.

0.4

Site

Region

= i
|0 W

F_(mmolm*d")
o

[ ] [ ]

Site A Site B Site C  River inlet Pelagic
region  region

0.0

Figure 4. Spatial variations of CHy diffusion flux in different sites and different regions of Lake Taihu.

3.3. Temporal Variations of CHy Emission

The CHy emission flux varied greatly at the river inlet region of the lake (Site A
and Site B) and the pelagic region of the lake (Site C) across different sampling dates
(Figure 5). The emission at Site A, Site B, and Site C ranged from 0.048 mmol m~2 d~! to
0.826 mmol m~2d~?,0.009 mmol m 2 d ! to 0.654 mmol m 2 d !, and 0.001 mmol m 2 d~*
to 0.145 mmol m~2 d~!, respectively. The CH, emission flux at the three sampling sites
showed seasonality: autumn (0.826 mmol m~—2 d!) > summer (0.329 mmol m~2 d~!) > winter
(0.200 mmol m~2 d~!) > spring (0.183 mmol m~2 d ) for Site A; winter (0.213 mmol m 2
d1hH> spring (0.148 mmol m~2 d~1) > autumn (0.118 mmol m 2 d~1) > summer (0.091 mmol
m~2 d 1) for Site B; and summer (0.070 mmol m~2 d~!) > autumn (0.018 mmol m 2 d~1) >
spring (0.010 mmol m~2 d~!) > winter (0.011 mmol m~2 d ') for Site C.
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Figure 5. Temporal variation in diffusive CHy emission flux (Fy,) at the three sampling sites of Lake
Taihu based on long-term (2012-2017) field measurement. The insert graph represents the seasonal
mean CHy flux.
The CH4 emission at Site B was always higher than that at Site C (Figure 5). Thus,
the river inlet region of the eutrophic lake was a hot spot of atmospheric CH4 emission.
However, long-term field measurements found a significant decreasing trend in dissolved
CHy at Site B, the sampling site of river inlet region (Figure 1), which was consistent with
the variability of NH; -N (Figure 6). The variability trend of dissolved CHy at pelagic
region was insignificant.
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Figure 6. Trend of NH4+—N concentration and dissolved CHy at Site B (a) and Site C (b) from 2012 to 2017.
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3.4. Factors Influencing the CHy Emission Variability

The seasonal CH, emissions were positively correlated with NH;-N (R? = 0.22,
p < 0.05) and NO; -N (R? = 0.22, p < 0.05) at the river inlet region (Site A and Site B)
(Figure 7); however, the CHy emission at Site C was negatively correlated with NO; -N
(R? =0.37, p < 0.01) and unrelated to NHZ-N (p > 0.05). The temporal variations in water
temperature explain 34% of the observed variance in the CH4 emission at Site C (Figure 7c;
p < 0.01), but the temporal variability of CH4 emission at the river inlet region (Site A and
Site B) was uncorrelated with water temperature (p > 0.05). Similar to water temperature,
the Chl 4, an index of algal biomass, was positively correlated with CHy emission at Site C
(R? =0.21, p < 0.05; Figure 7d). Interestingly, the seasonal CH, emission was negatively
correlated with Chl a at the river inlet region (Site A and Site B) (Figure 7d) and unrelated
(p > 0.05) with DOC at the three sites. It is worth noting that NH4+ -N concentration ex-
plained 70% of the observed variance (R? = 0.70, p < 0.01) in the CH, emission flux at Site B
from 2012 to 2017.
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Figure 7. Correlations of the normalized seasonal CHy flux against NO3 -N (a), NHI -N (b), water
temperature (T, (c), and Chl a (d) at the river inlet region (Site A and Site B) and pelagic region (Site
C) of the lake from 2012 to 2017. (Triangle represents Site A, circle represents Site B and rhombus
represents Site C. Blue represents the river inlet region and orange represents pelagic region).

In addition, we found the dissolved CH4 varied greatly across sites and time (Figure 8).
The dissolved CHy concentrations at Site D and Site B ranged from 19.65 nmol L~! to
614.71 nmol L~! and 13.91 nmol L~! to 622.81 nmol L™}, respectively. The dissolved
CHy at the two sampling sites showed seasonality: winter (269.02 nmol L~!) > autumn
(145.43 nmol L~!) > summer (40.77 nmol L) > spring (28.85 nmol L~!) for Site B, and
winter (476.62 nmol L™1) > autumn (192.74 nmol L~ 1) > spring (144.04 nmol L~1) > summer
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(47.69 nmol L) for Site D. It is worth noting that the dissolved CHj of Site B and Site D
were higher in cold seasons than in warm seasons.
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Figure 8. Temporal variation in dissolved CHy at the two sites (Site B and Site D) of Lake Taihu
based on long-term (2013-2016) field measurement. The insert graph represents the seasonal mean
dissolved CHy.

Importantly, the seasonal CH, emission flux at Site B, the inlet region of the lake, was
correlated with inflowing water yield and the dissolved CH, concentration of the inflowing
river (Figure 9). In particular, the seasonal CHy emission was negatively correlated with the
water yield (R? = 0.43, p < 0.01), and positively correlated with the concentration of dissolved
CHy, in Dapu River (R? = 0.41, p < 0.05), indicating that CHy carried by Dapu River into the
lake was the primary reason influencing the emission flux at the inlet Site B. Meanwhile, it is
also worth noting that the dissolved CH4 concentration of Dapu River was also negatively
correlated with water yield (R? = 049, p < 0.01; Figure 9d). However, the seasonal CHy
emission of Site A was positively correlated with water yield (R? = 0.53, p < 0.05; Figure 9b).
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Figure 9. Correlations of seasonal CHj flux of Site A and Site B against inflowing water yield (a,b),
correlation between the seasonal flux at Site B and the concentration of dissolved CH, in Dapu River
(c), and correlation of dissolved CHy4 concentration of inflowing river (Dapu River) against water
yield (d).
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4. Discussion
4.1. Potential Factors Sustaining the Large CHy Emission in River Inlet Region

Long-term (2012-2017) field measurements showed the river inlet region of the eu-
trophic lake was a hot spot of atmospheric CHy emission. On the annual basis, the CHy
emission at the Dapu River inlet region was 0.143 mmol m~2 d~!, which was 5 times
higher than that at Site C of pelagic region, and the emission flux at the Yincun port region
(0.322 mmol m~—2 d~ 1) was 12 times higher than that at Site C. The river inlet region was
eutrophic with algal blooms [21], and previous studies suggested algal blooms could stim-
ulate CHy production and emission due to large algal-derived organic carbon [10,34-36].
However, we found that seasonal CHy emission variability in the river inlet region was
uncorrelated with algal biomass indicator Chl a (Figure 7), and peak CHy emission of the
river inlet region occurred in winter (Figure 5), during which the Chl a concentration was
very low due to cold temperature (Figure 3) [37]. All this suggests that large CH4 emissions
in the inlet region were not caused by algal blooms.

Some studies proposed that catchment input affected the CHy flux variability of
the river inlet region [16,38,39]. The lake’s CH, emission varied spatially, which was
linked to river discharge [16,17]. Meanwhile, literature surveys indicate that dissolved
CHj concentrations in streams are generally lower than in lakes, suggesting that the large
CH4 emission of the river inlet region was not attributed to the CH4 concentration in the
river itself [40,41]. In our case, the dissolved CHy concentration at the inflowing river
with a mean value of 215.27 nmol L~! was significantly higher than that at Site B with
121.02 nmol L~! based on synchronous field measurements. Importantly, the CH, emission
flux of the river inlet region was positively correlated with river CHy concentration, and
peak river CHy concentration corresponded to peak CHy emission of the river inlet region
during winter. Thus, our results suggest that CHy-rich water in the river sustained the
large CH, emission of the river inlet region.

The role of enhanced CHy4 production of the river inlet region should not be neglected
in sustaining large CHy production. The river inlet region was featured by shallow water
depth (Figure 2), which likely played role in the CH4 emission. A negative relationship
between CH, emission and water depth was found in previous studies, mostly because of
the short oxidation pathway [42—44]. Meanwhile, large CH4 emissions from shallow zones
of the lake were reported [10,44,45]. It is well known that most produced CH4 would be
oxidized when transporting to water surface, and shallow water depth may avoid CHy to
be oxidized and lead to high CH, emission from the water surface to the atmosphere [10,42].
Additionally, the pollutant loading (e.g., NH; -N and NO; -N) was also significantly higher
in the river inlet region, and it is worth noting that NH; -N concentration explained 70% of
the observed variance (R? = 0.70, p < 0.01) in the CH, emission flux at Site B. However, we
found no correlation between CHy diffusion flux and TP in the river inlet region (p > 0.05).
In conclusion, the high nutrient loadings of the river inlet region may also contribute to
large CHy emission [17,46,47].

4.2. Role of Temperature in CHy Flux Variability

Many studies found that the lake CHy emission increased significantly with the
temperature [10,48,49]. The CH,4 emission at the pelagic region (Site C) varied seasonally,
and the correlation between temporal variations in the CHy flux was positively correlated
with temperature and was unrelated to nutrient loadings (Figure 7), although correlations
between CH,4 emission and lake pollution were reported [50]. Thus, temperature played a
key role in determining the lake CH4 emission of the lake.

However, the role of temperature in determining CHy flux variability varied between
regions. The CHy flux at the river inlet region (Site A and Site B) also varied significantly
across different times, which was consistent with previous studies showing the river inlet
areas were generally characterized by high seasonality in emission flux [51]. It should be
noted the seasonal variation in emission flux was unrelated to temperature, but linked to
nutrient loadings and catchment input (Figures 7 and 9). A long-term experiment showed



Atmosphere 2023, 14, 16

11 0f 14

that nutrient loadings overwhelm temperature in determining lake CHy emission [30].
Considering the river regions were affected by river discharge, the temperature dependency
of the CH, flux may be affected by external loading input. Thus, the catchment characteristic
should be considered in determining CH4 emission dynamics of the river inlet region.

4.3. Implication of the Study

The previous study showed that the large lake had low CH, emission, because lake
CH,4 emission decreased with increasing lake size, and the large lake had less emission
flux [14,15]. Indeed, the CH4 emission flux of the pelagic region (Site A and Site B) of
the lake was lower [15], but the CH4 emission flux was significantly higher at the river
inlet region of the lake, which should be considered in the lake CH4 budget estimation.
Meanwhile, it should be noted that the CH, emission of the river inlet region was unrelated
to temperature and Chl g, suggesting global warming and increasing eutrophication may
influence the CHy variability less. The previous study proposed that temperature proxies
could act as a solution to biased measurements of lake methane emissions [48]; this may be
not suitable for the river inlet region due to less dependency on CH, emission.

The correlations between CHy emission and inflowing water yield should call our
attention. Water yield was positively correlated with CH4 emission at Site A, but negatively
correlated with CH, emission at Site B (Figure 9). Considering that water yield was driven
by precipitation (Figure 2), precipitation either was negatively or positively correlated with
the CH4 emission of the river inlet region. Precipitation could transport more pollutant
loadings to the aquatic ecosystems, and then increase CH4 emission via stimulating pro-
duction rate [52,53], likely leading to a positive correlation between water yield and CHy
emission at Site A. Meanwhile, it seems that the CH, concentration and emission was
low during heavy precipitation, and small runoff may contribute to large CH4 emission,
especially for winter at Site B. Although the previous study demonstrated that precipitation
increased the pollutant loading, such as inorganic nitrogen in the inflowing rivers of this
study [54]. Precipitation-induced river discharge should receive much attention to explore
the effects of external loading input on CHy emission.

The CH, emission flux with a mean value of 0.028 mmol m 2 d ! in the pelagic region of
the lake was significantly lower compared to other studies. For example, the previous study
showed that the CH, emission from African lakes is 0.068 mmol m~2 d~! [4], East Plain lakes
in China is 1.214 mmol m~2 d~! [46], and temperate lakes is 0.618 mmol m~2d-! [e].
However, the diffusive CH, emission of the river inlet region (0.183 mmol m~2d1) was
significantly higher than that mean value (0.15 mmol m~2 d!) of global lakes [42] and the
lake >100 km? of global lakes [15].

5. Conclusions

Filed measurements over six years (2012-2017) at Lake Taihu, a large eutrophic shallow
lake with complicated river networks, showed that the CH4 emission varied spatially and
temporally. Spatially, the river inlet region was a hot spot of atmospheric CH, emission. The
CH, emission at the river inlet region with an annual mean value of 0.183 mmol m 2 d !
was seven times higher than that at pelagic region (0.028 mmol m 2 d ~!). Temporally, the
peak CH, emission occurred in warm seasons and was the lowest in cold seasons at the
pelagic region, but the peak CH, emission occurred in cold seasons at the river inlet region
of the lake.

The seasonal variability of CH4 emission at the pelagic region can be explained by
water temperature; however, less temperature dependency on CH, emission at the river
inlet region was found. Generally, the variability of CH, emission was linked to pollution
loadings, and high dissolved CHy in river sustained the large CH,4 emission of the river
inlet region. It should be noted that peak river CH,4 concentration corresponded to peak
CHy4 emission of the river inlet region during winter. The CHy4 emission flux at the river
inlet region of the lake should be considered in the lake CHy budget estimation.
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