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Jinshan Lake is a famous urban landscape lake with approximately 8.8 km2 water area, which is located on the north of Zhenjiang,
of Jiangsu Province, China. Eighteen sampled sites were selected and overlying water was sampled from 2013 to 2014 to study the
seasonal and spatial variation of nitrogen in overlying water of Jinshan Lake. Results showed that physicochemical characteristics
of temperature, pH, and DO showed high seasonal variation, whereas they had no significant spatial differences in the 18 sampling
points (𝑃 > 0.05) in overlying water of Jinshan Lake. Nitrogen concentrations showed strong seasonal variation trends.The ranked
order of TN was as follows: spring > summer > autumn > winter; the order of NH

4

+-N was as follows: spring > autumn >
summer > winter, whereas NO

3

−-N concentrations revealed an inverse seasonal pattern, with maxima occurring in winter and
minimal values occurring in spring. Nitrogen concentrations had dramatic spatial changes in 18 sampling points of Jinshan Lake.
Physicochemical parameter difference, domestic wastes pollution, and rainfall runoff source may have led to seasonal and spatial
fluctuation variations of nitrogen in overlying water of Jinshan Lake, China.

1. Introduction

With the rapid development of economy and urbanization in
recent years, excessive pollutants had been increasingly pro-
duced and discharged into rivers and lakes owing to human
influences, resulting in severe degradation of water quality
and a growing pressure on the local environment and restrict-
ing of the sustainable development of the local economies
[1, 2]. As a result, a lot of lakes, such as Lake Taihu [3, 4], Chao
Lake [5], and Dianchi Lake [6], had been seriously polluted,
and their water quality changed from clean to eutrophication
[7], which seriously affects the lake ecological functions as a
service of drinking water supply, flood control, tourism and
recreation, shipping, and aquaculture [1, 4]. Therefore, the
lake water quality purification is an important objective for
administrators of water environments in various cities in
China.

Jinshan Lake is a famous urban landscape lake, which is
located on the north of Zhenjiang District with 4 km length
and 2 kmwidth andwater area is 8.8 km2 [8]. At present, there
are some pollution water, such as urban domestic sewage,

urban surface runoff and pollution river, had discharged into
Jinshan Lake, which lead to a deterioration of water quality
in Jinshan Lake, especially nitrogen. It is necessary to study
the nitrogen concentration in overlyingwater of JinshanLake,
China. Therefore, the goal of this study was to monitor sea-
sonal and spatial variation of nitrogen in overlying water of
Jinshan Lake in a one-year period, and the results of this study
will provide an important basis character for Jinshan Lake
pollution control.

2. Materials and Methods

2.1. Study Region and Study Sites. The study region in
this study is located on Jinshan Lake, Zhenjiang, Jiangsu
Province, China (32∘134.65–32∘1435.79N, 119∘255.71–
119∘2948.05E). This region is characterized by the north
subtropical monsoon climate, withmean annual temperature
and rainfall of 15.6∘C and 1088.2mm, respectively.

Jinshan Lake is located on the north of ZhenjiangDistrict.
It is about 4 km in length and 2 km in width and is a shallow
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Table 1: Summary statistics of mean nitrogen concentrations in overlying water of Jinshan Lake.

Item Nitrogen concentrations (mg⋅L−1) Percentage (%)
TN NH

4

+-N NO
3

−-N NH
4

+-N NO
3

−-N NH
4

+-N +NO
3

−-N
Average 3.55 0.23 0.41 6.78 11.73 18.51
Minimum 2.13 0.16 0.33 4.32 8.45 14.80
Maximum 4.54 0.39 0.50 13.64 15.69 26.56
S.D. 0.65 0.06 0.05 2.62 1.96 3.79
CV (%) 18.34 27.68 11.95 38.63 16.71 20.47
S.D.: standard deviation; CV: coefficients of variation.
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Figure 1: Sampling points distribution.

lake with 2–6m water depth. The total water area is 8.8 km2.
It is the largest lake, accounting for more than 80% of surface
water of Zhenjiang District. Yin channel and Jiaonan dam
control the influent and effluent of Jinshan Lake, respectively.
Water source of Jinshan Lake is mainly from Yangtze River
supply. Its primary pollution sources include urban domestic
sewage, urban surface runoff, atmospheric dry deposition,
river pollution, and anthropogenic activities such as water
sports entertainment. In this study, all 18 points were selected
asmonitoring sites and each sampling site is listed in Figure 1.

2.2. Sampling Collection and Physicochemical Characteristics
Analysis. Eighteen water samples were collected at about 25–
30 cm water depth at each study site using a water collector
for analysis of physicochemical characteristics on October 13
of 2013 (autumn) and January 10 (winter), April 15 (spring),
and July 5 of 2014 (summer), respectively.

Ammonia (NH
4

+-N), nitrate (NO
3

−-N), and total nitro-
gen (TN) were determined according to the protocols
described in Chinese Standard Methods (Editorial Board of
Monitoring and AnalyticalMethod ofWater andWastewater,
2002). Temperature, pH, and dissolved oxygen (DO) of each
sample site were also monitored in situ. pH was measured
using HI 98128 pH meter (Hanna Co., Italy). DO and tem-
perature were measured using HQ30d Dissolved Oxygen
Instrument (HACH, USA).

2.3. Calculations and Statistics. Data was calculated by using
Microsoft Office Excel. Statistical analyses were performed
using SPSS 19.0. One-way ANOVA was performed to deter-
mine significant differences in seasonal and spatial variation

of nitrogen. Linear regression analysis was used to determine
the relationship between nitrogen content and environmental
factors.

3. Results

3.1. Physicochemical Characteristics in Overlying Water of Jin-
shanLake. Thetemperature showed a high seasonal variation
trend from a minimum of 5.9∘C in January to a maximum of
27.2∘C in July and its average valueswere 22.76, 6.42, 19.16, and
26.81∘C in autumn, winter, spring, and summer, respectively
(Figure 2(a)). Water chemistry also showed large variations
in overlying water of Jinshan Lake.TheDO varied seasonally,
with the peaks in winter and lowest value in July and its
average values were 8.17, 13.21, 9.70, and 8.70 in autumn, win-
ter, spring, and summer, respectively (Figure 2(b)). The pH
ranged from 7.2 in October to 9.03 in July, with average values
of 7.76, 8.68, 8.57, and 8.63 in autumn, winter, spring, and
summer, respectively, which also revealed a seasonal varia-
tion pattern (Figure 2(c)). Statistics results showed that there
had been significant differences of pH, temperature, and DO
among the four seasons (𝑃 < 0.05).

The highest values of DO and pH occurred in 11# and 12#
sites, whereas the lowest values of DO and pH were obtained
in 3# and 1# sites. Statistics results showed that there had
been no significant differences of pH, temperature, and DO
between the 18 sampling points (𝑃 > 0.05).

3.2. Mean Nitrogen Concentrations in Overlying Water of
Jinshan Lake. Mean concentrations of nitrogen in overlying
water of Jinshan Lake were summarized in Table 1. Results
showed that the mean concentrations of TN, NH

4

+-N, and
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Figure 2: Variations of physicochemical characteristics in overlying water of Jinshan Lake.

NO
3

−-N were 3.55, 0.23, and 0.41mg⋅L−1, respectively. Com-
pared with surface water quality standards [9], TN is gener-
ally inferior to Grade V water quality standards and NH

4

+-N
is belowGrade 4water quality standards, which indicated that
high concentrations of total nitrogen were the primary water
quality problems in Jinshan Lake. The proportions of NH

4

+-
N were lower than those of NO

3

−-N in the water of Jinshan
Lake.

3.3. Seasonal Variations of Nitrogen in Overlying Water of Jin-
shan Lake. Nitrogen concentrations showed strong seasonal
variation trends (Figure 3). The TN concentrations ranged
from 1.03 to 3.48mg⋅L−1, from 0.40 to 4.09mg⋅L−1, from 4.91
to 11.17mg⋅L−1, and from 0.48 to 5.03mg⋅L−1, with average
values of 2.15, 1.55, 8.16, and 2.35mg⋅L−1 in the autumn, win-
ter, spring, and summer, respectively. TN concentrations had
a maximum coefficients of variation (CV) value in winter,
reaching 62.65%, followed by summer and its value was
60.31%, which indicated the TN in winter and summer had

large differences in each sampling point. In addition, max-
imum values of TN occurred in spring, whereas minimum
values were confined to winter. The ranked order of mean
concentration of TN was as follows: spring > summer >
autumn > winter.

The NH
4

+-N concentrations ranged from 0.18 to
0.54mg⋅L−1, from 0.05 to 0.19mg⋅L−1, from 0.26 to
0.75mg⋅L−1, and from 0.06 to 0.29mg⋅L−1, with average val-
ues of 0.25, 0.10, 0.42, and 0.15mg⋅L−1 in the autumn, winter,
spring, and summer, respectively. There was a maximum CV
value of NH

4

+-N in summer (49.90%), followed by autumn
(38.83%) and spring (36.73%), respectively, and there was a
minimum value the in the winter, which indicated the NH

4

+-
N had a large difference in summer, whereas it had a little
difference inwinter in each sampling point. Similar to theTN,
average concentration of NH

4

+-N also reached a maximum
value in the spring, while it had a minimum value in
the winter. The ranked order of average concentration of
NH
4

+-N was as follows: spring > autumn > summer > win-
ter.
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Figure 3: Variations of nitrogen in overlying water of Jinshan Lake.

The NO
3

−-N concentrations changed from 0.40 to
0.64mg⋅L−1, from 0.42 to 0.70mg⋅L−1, from 0.16 to
0.35mg⋅L−1, and from 0.16 to 0.63mg⋅L−1. Unlike the TN and
NH
4

+-N, NO
3

−-N concentrations revealed an inverse sea-
sonal pattern, with maxima occurring in winter andminimal
values occurring in spring.ThemaximumCVvalue ofNO

3

−-
N was in summer (31.88%), followed by spring (21.61%)
andwinter (16.71%), respectively, and it was aminimumvalue
in the autumn (14.21%), which indicated the NO

3

−-N had a
large difference in summer, whereas it had a little difference
in autumn in each sampling point.

3.4. Spatial Variation of Nitrogen inOverlyingWater of Jinshan
Lake. Spatial distribution patterns of nitrogen and summary
statistics of each sampling site in overlying water of Jinshan
Lake were also shown in Figure 3. Results showed that TN
concentrations showed strong spatial variation trends. The
highest values of TN concentrations occurred in 2#, 3#, 7#,

and 13# sites, reaching 3.48, 4.09, 11.17, and 5.03mg/L in
autumn, winter, spring, and summer, respectively, whereas
the lowest values were obtained in 16#, 15#, 11#, and 9# sites,
reaching 1.03, 0.40, 4.90, and 0.48mg/L in autumn, winter,
spring, and summer, respectively.

Similar to the TN, NH
4

+-N concentrations also showed
strong spatial variation trends. The highest values of NH

4

+-
N concentrations occurred in 16#, 2#, 12#, and 15# sites,
reaching 0.54, 0.19, 0.75, and 0.29mg/L in autumn, winter,
spring, and summer, respectively, whereas the lowest values
were obtained in 5#, 3#, 18#, and 6# sites, reaching 0.18, 0.05,
0.26, and 0.06mg/L in autumn, winter, spring, and summer,
respectively. Therefore, the highest values were 3.00, 3.60,
2.93, and 5.10 times compared to the lowest values in autumn,
winter, spring, and summer, respectively, in overlying water
of Jinshan Lake.

For NO
3

−-N, the highest values occurred in 7#, 10#, 18#,
and 2# sites, reaching 0.64, 0.70, 0.35, and 0.63mg/L in
autumn, winter, spring, and summer, respectively, whereas
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the lowest values were obtained in 13#, 13#, 4#, and 7# sites,
reaching 0.40, 0.42, 0.16, and 0.16mg/L in autumn, winter,
spring, and summer, respectively.

4. Discussion

N is mainly responsible for eutrophication and is considered
to be the limiting element of primary productivity in most
freshwater ecosystems [10, 11]. Therefore, nitrogen is the
control target for the restoration of water ecosystems [12, 13].
Nitrogen cycle in the freshwater ecosystems relies on numer-
ous factors, including water physicochemical quality (pH,
DO, temperature, etc.) and biological factors (aquatic plant,
algae, and microorganisms). In this study, direct nitrogen
uptake from overlying water could be neglected owing to
the lack of macrophyte and phytoplankton growth in Jinshan
Lake. Therefore, the nitrification-denitrification is the major
process of nitrogen cycle.

Previous research indicated that DO plays an important
role in nitrification-denitrification process. Nitrification is
strictly aerobic (DO > 2.0mg/L), whereas denitrification is
strictly anoxic (DO < 1.0mg/L) [14–17]. In the present study,
DO had concentrations of more than 2mg/L in all sample
sites in the four seasons. Except for spring, therewas not a sig-
nificant correlation between N concentrations and dissolved
oxygen concentrations, which indicated that nitrification
might not be caused by oxygen concentrations in overlying
water of Jinshan Lake. However, under aerobic conditions,
denitrification was limited by DO concentrations, which led
to higher NO

3

− than NH
4

+ in overlying water of Jinshan
Lake. Besides, nitrification denitrification is also greatly
dependent on pH. Lu et al. [18] pointed out that typical nitri-
fication processes have optimumpHvalues of 7.0–8.6. Prinčič
et al. [19] showed that the optimal pH for nitrification is
between 6.5 and 8.5. In this present study, there is an alkaline
environment in Jinshan Lake and pH value changes from 7.2
to 8.1, 8.46 to 8.85, 8.07 to 8.92, and 7.87 to 9.03, in autumn,
winter, spring, and summer, respectively. Significant positive
correlation in winter and significant negative correlation in
spring were found between NO

3

−-N and pH values in Jin-
shan Lake. These correlations may indicate that pH affected
the nitrification-denitrification process to a certain degree.
Furthermore, temperature is a key parameter to effecting
nitrification-denitrification process [20, 21]. Picard et al. [22]
showed that biological processes drastically slow down or
cease with temperatures under “biological zero” or 5∘C. In
this present study, the mean temperatures were 22.8, 6.4,
19.2, and 26.8∘C, in autumn, winter, spring, and summer,
respectively. Significant correlation in winter and spring was
found between NO

3

−-N and water temperature in Jinshan
Lake. These correlations indicate that water temperature was
also an important factor and might be explained by the
fact that the highest NO

3

−-N concentration was in winter
and lowest NO

3

−-N concentration was in spring. Overall, N
concentrations in overlying water of Jinshan Lake showed
obvious seasonal changes in this study. These results were
consistent with the findings of previous studies by Zhang et al.
2008 [5], Berman et al. 1984 [23], and Gu et al. 1997 [24].

In this research, the nitrogen concentrations also showed
strong spatial variation difference. Now, industry pollution
had been controlled to a certain degree in Jinshan Lake.
Therefore, domestic wastes might be one of the main point
sources in Jinshan Lake. There are several overflow ports
from sewage pumping station and combined sewage pipeline
in Lakeshore near 3#–6# and 8# sites. For example, 3# site
was located on Yunliang River estuary and this river received
80% sewage wastes from 137.9 thousand coastal residents by
overflow ports. 8# site was located on the Jiefang Road sewage
pumping station. Secondly, rainfall runoff is alsomain source
in Jinshan Lake. He [25] calculated the quantities of contami-
nations in Jinshan Lake from the main pollution sources and
found that a total of 145.3 t/a of TN was discharged through
surface runoff into Jinshan Lake, which contributed 62%
TN in all pollution sources. Thirdly, atmospheric deposition,
including dry deposition and wet deposition, contributed
16% TN in all pollution sources and about 37.6 t/a of TN was
conveyed into Jinshan Lake [25]. Based on the abovemultiple
reasons, the highest values of TN concentrations occurred
in 2#, 3#, 7#, and 13# sites in autumn, winter, spring, and
summer, respectively. However, the spatial sites of the NH

4

+-
N andNO

3

−-Nhighest concentrationswere inconsistentwith
TN. These differences in spatial distribution were closely
correlated with the physicochemical conditions differences
in each site; other factors, such as pollution source, hydro-
dynamic force, and water entertainment activity, could also
affect the spatial variation of nitrogen in overlying water of
Jinshan Lake.

This study only investigated the variation of seasonal and
spatial distribution in Jinshan Lake using just one-year mon-
itoring data. More research needs to be carried out to reveal
conversion mechanism between nitrogen forms to longer
timescales in Jinshan Lake in further studies.

5. Conclusions

In summary, physicochemical characteristics and nitrogen
in overlying water of Jinshan Lake showed clear seasonal
variation.The highest values of TN and NH

4

+-N occurred in
spring and the lowest values were obtained in winter, whereas
NO
3

−-N revealed a different seasonal pattern, with max-
ima occurring in winter, respectively, and minimum values
occurring in spring. Nitrogen concentrations reflected strong
spatial variation in 18 sampling points in overlying water of
Jinshan Lake. The seasonal and spatial variations of nitrogen
indicated that nitrogen changes were related to internal
physicochemical characteristics changes of overlying water
and external contamination induced by human activity.
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