
62 Science in China:  Series D Earth Sciences 2006 Vol.49 Supp. I 62—71 

www.scichina.com   www.springerlink.com 

DOI: 10.1007/s11430-006-8106-8 

Evidence from isotopic geochemistry as an indicator of 
eutrophication of Meiliang Bay in Lake Taihu, China 

LIN Lin1,2, WU Jinglu1 & WANG Sumin 
1. Nanjing Institute of Geography & Limnology, Chinese Academy of Sciences, Nanjing 210008, China; 
2. Graduate University of the Chinese Academy of Sciences, Beijing 100039, China 
Correspondence should be addressed to Wu Jinglu (email: w. jinglu@niglas.ac.cn) 

Received September 10, 2005; accepted January 20, 2006 

Abstract  In this paper, Lake Taihu, a large shallow freshwater lake in China, is chosen as an ex-
ample of reconstruction of eutrophication through the comparison between stable isotopes from dis-
solved nutrients and plants and water column nutrient parameters and integration of multiple proxies 
in a sediment core from Meiliang Bay including TN, TP, TOC, C/N, δ 15N, δ 13C, etc. Differences in 
aquatic plant species and trophic status between East Taihu Bay and Meiliang Bay are indicated by 
their variations in δ 13C and δ 15N of aquatic plants and δ 15N of NH4

+. A significant influence of external 
nutrient inputs on Meiliang Bay is reflected in temporal changes in δ 15N of NH4

+ and hy-
dro-environmental parameters. The synchronous change between δ 13C and δ 15N values of sedi-
mented organic matter (OM) has been attributed to elevated primary production at the beginning of 
eutrophication between 1950 and 1990, then recent inverse correlation between them has been 
caused by the uptake of 15N-enriched inorganic nitrogen by phytoplankton grown under eutrophication 
and subsequent OM decomposition and denitrification in surface sediments, indicating that the lake 
has suffered from progressive eutrophication since 1990. Based on the use of a combination of stable 
isotopes and elemental geochemistry, the eutrophication of Meiliang Bay in Lake Taihu could be better 
traced. These transitions of the lake eutrophication respectively occurring in the 1950s and 1990s 
have been suggested as a reflection of growing impacts of human activities, which is coincident with 
the instrumental data.  

Keywords: stable carbon isotope of OM, stable nitrogen isotope, eutrophication, Lake Taihu. 

Stable carbon and nitrogen isotopes in lake sedi-
ments have proven to be useful in studies of tracing 
paleoenvironmental changes, such as changes in OM 
sources and aquatic primary production and the utili-
zation and transition of nutrients[1―5]. Recently, more 
attention has been paid to the reconstruction of trophic 
history in lakes due to the aggravation of the eutro-
phication problem[5―7]. The stable isotope, however, 
cannot provide unique solutions because the sediment 

records of lakes are controlled by many factors. In 
order to heighten the reliability of environmental in-
terpretation supported by stable isotopic record and 
better understand its corresponding processes and 
mechanism, much more emphasis is put on modern 
geochemical processes and environmental significance 
of stable isotopic compositions needs to be confirmed 
in hydro-environmental parameter data. In this paper, 
we attempted to reconstruct the eutrophication in Lake 
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Taihu, a large shallow freshwater lake in China, using 
stable isotopes in dissolved nutrients, plants of various 
lake areas and in a sediment core collected from Meil-
iang Bay together with other associated indexes. Ana-
lytical results agreed well with monitoring data. It 
gave the possibility of further application of stable 
isotope analysis to reconstructing the history of eutro-
phication in lakes.  

1  Site 

Lake Taihu, the third largest fresh water lake in 
China, is located in the Yangtze River Delta, which is 
the most advanced economic zone in China. There are 
several large and medium-sized cities such as Wuxi, 
Suzhou in Jiangsu Province and Huzhou in Zhejiang 
Province around the lake (30°56 ′―31°34 ′N, 
119°54′―120°36′E; Fig. 1). It is a shallow lake with a 
surface area of 2425 km2, a mean depth of 2.12 m, a 
volume of 51.4×108 m3, and a catchment area of 36500 
km2[8]. The lake is primarily fed with precipitation as 
well as surface runoff including the West Tiaoxi River, 
Changxing River, Zhihu River, Liangxi River, and Yili 
River, etc. The water retention time in the lake is 309 d. 
The lake can be divided into two parts with the 
boundary of Dongjiao Headland of Dongshan Island. 
Its west is the main part and almost consists of phyto- 
plankton. The east supports a dense population of 
vascular plants with better water quality, which is ac- 
tually a bay of the lake[9]. In the past the majority of 
the Taihu Basin had been used for agricultural pur- 
poses, such as mulberry plantations, fish and rice cul- 
ture. The land-use pattern in the basin changed greatly 
due to the development of agriculture and industry, 
especially the countryside industry expansion, and was 
characterized by the conversion of agricultural land to 
urban and industrial uses in the recent decades. As a 
result of inputs of agricultural runoff, industrial sew- 
age and human waste disposal, increased nutrients like 
N and P and heavy metal pollutants loading of the lake 
are understood to be important factors in reduced wa- 
ter quality, enhanced eutrophication and frequent 
phytoplankton blooms[10]. Since 1990, research moni- 
toring has documented cyanobacteria blooms in the 
northwestern part of the lake including Meiliang Bay 
between May and October, particularly in July and 

August[8]. During 2004 the first cyanobacteria accu- 
mulations at the monitored site were noted on June 11. 

2  Materials and methods 

2.1  Sampling 

A 52-cm gravity core named ML was collected 
from Meiliang Bay in Lake Taihu in March 2004, 
which was preserved perfectly and free of disturbance. 
Core ML was extruded in situ and sections sliced off 
at 0.5 cm intervals on the top 20 cm depth and at 1 cm 
intervals on the rest of the core and sealed in plastic 
bags. 5 L water samples were collected at three sites in 
Meiliang Bay and one site in East Taihu Bay between 
May and September in 2004 (Fig. 1). At each site wa-
ter was sampled from the lake surface and below a 
depth of 1 m. 20―40 mg/L HgCl2 was added to each 
sample to suppress microbial activity[11]. Aquatic 
plants samples were collected in the same four sites 
between July and August in 2004 and algae samples 
were mostly composed of cyanobacteria accumula- 
tions. Trapa bispinosa was planted in a waterproof 
polyethylene enclosure near 863 project base in Mei- 
liang Bay.  

 
 

Fig. 1.  Map of Lake Taihu showing the sampling locations. 

2.2  Analytical methods 

(i) Analyses of sediment and aquatic plants samples.  
After the sediment samples were dried at 40℃ and 
aquatic plants samples were washed with deionized 
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water and freeze-dried, all samples were ground finely 
to pass through 100 mesh. 

5% dilute hydrochloric acid was added in the ap-
propriate sample amount. The mixture reacted for 24 h 
to dissolve carbonate and rinsed till neutrality with 
distilled water to remove remaining chloride, dried, 
and ground finely to pass through 150 mesh. An ap-
propriate sample amount was taken and put into a 
high-temperature vacuum reaction furnace fixed with 
copper oxide and silver wires. It was burnt fully for 15 
min at the constant temperature of 800  and high ℃

purity oxygen, and the pure CO2 gas was collected 
with liquid nitrogen and cool liquid. The δ13C value of 
the produced CO2 gas was determined by MAT-251 
mass spectrometer. The result was expressed in the 
permil notation relative to the international PDB stan-
dard, with a precision of less than 0.05‰.  

Stable nitrogen isotopic composition of samples 
was analyzed using Kjeldahl digestion with sulfuric 
acid and mixed catalyst[12]. Cooled digestates were 
treated with NaOH, then steam-distilled and trapped in 
dilute H2SO4 solution. Distillates were evaporated 
dryness on a water bath. Under vacuum conditions, the 
N2 was released by reacting samples with NaBrO and 
the δ 15N value was determined by MAT-251 mass 
spectrometer. Analytical precision is within 0.05‰. 

Total organic carbon (TOC) was measured by oxi-
dation with a mixture of potassium dichromate-sulfu- 
ric acid (oil bath) followed by titration with ferrous 
sulfate. Standard Kjeldahl procedure was employed 
for the analysis of total nitrogen (TN) followed by a 
strong acid digestion of the sample with sulphuric acid 
and potassium dichromate[13]. The grain size analysis 
was conducted by using a Mastersizer-2000 laser grain 
size instrument. Concentrations of elements including 
total phosphorus (TP) were determined by ICP-AES. 

(ii) Analyses of water samples.  Water samples 
were filtered through 0.45 µm mixed cellulose ester 
membrane and passed through prefilled cation ex-
change resin columns. Sample ammonium was de-
sorbed with 2 mol/L hydrochloric acid. The eluate was 
water steam distilled using a Kjeldahl distillation ap-
paratus and trapped in a solution of sulfuric acid then 
evaporated over a water bath before the measurement 
of nitrogen isotopic composition on the mass spec-
trometer. The determination of TN, TP and chlorophyll 

a (Chl-a) concentration followed the methods of Jin 
Xiangcan and Tu Qingying[13]. 

3  Results 

3.1  Core lithology, grain size and chronology 

Core ML was composed of dun mud with shell 
fragments mixed at a depth of 23―7 cm (Fig. 2). The 
particles of silt size (16―64 µm), fine silt (4―16 µm) 
and clay (<4 µm) accounted for about 35%, 40% and 
18%, respectively. <4 µm size fraction of the sedi-
ments little changed upcore. The profile of medium 
grain size showed the same general trend with that of 
16―64 µm size fraction: the grain size was steady 
coarser at 52―25 cm and became finer above that 
depth then remained little changed over the top 12 cm. 
Rose et al.[14] employed multiple radioactive isotopes 
to date the sediment cores collected from Meliang Bay. 
The core dating results showed a mean accumulation 
rate of 0.30 g·cm−2·a−1 (0.41 cm·a−1) between 1952 and 
1986, increasing during 1987 ― 1998 to 0.52 
g·cm−2·a−1 (0.88 cm·a−1). Core ML was taken from the 
same site as their core, with minor sediment distur-
bance. Thus dates were obtained for core ML by ana-
lyzing its grain size[15] by using the results from Rose 
et al. as reference points (Fig. 2). 

3.2  The depth profiles of isotopic compositions and 
concentrations of TOC and TN, C/N and TP concen-
tration  

As shown in Fig.3, δ 13C of TOC and δ 15N of TN in 
core ML (Fig. 3) ranged from −27‰ to −20‰ and 3‰ 
to 12‰, respectively. The C/N mass ratio had a nar-
row range between 8.3 and 10.5. According to the 
variations in isotopic compositions of organic carbon 
and nitrogen together with TOC, TN and TP concen-
trations and C/N ratio, the section could be divided 
into three segments. At 52―30 cm TOC and TN con-
centrations and C/N ratio all decreased significantly, 
reaching the minima, whilst other proxies changed 
little. At 30―12 cm δ 13C values of sedimentary OM 
and C/N ratio both tended to decrease, δ 15N values 
showed a slow but fluctuating decline, which coin-
cided with an overall increase in TOC, TN and TP 
concentrations. Above the depth of 12 cm all proxies  
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Fig. 2.  Strata, grain size profiles for core ML. Data are shown on a sediment depth axis whilst the corresponding chronology is given on the right. 

 

 
 

Fig. 3.  The depth profiles of isotopic compositions and concentrations of TOC and TN, C/N and TP concentration in core ML. 
 

varied markedly. The δ 13C values dropped to a mini-
mum as the δ 15N values increased to a maximum at 
the top of the core. Over the length of the segment, 
sediments displayed a δ 13C range of 4‰ and δ 15N of 
5.5‰. There was a good inverse correlation between  
δ 13C and δ 15N (R = -0.924). A drastic increase up to 
the uppermost was observed in the concentration of 
TOC, TN and TP, whilst there was a consistent trend 
of declining C/N ratio, reaching its lowest value of 8.3 
in surface sediment. 

3.3  The depth profile of elemental concentrations 

Element concentrations in Taihu Lake sediments are 
presented in Fig. 4. There were two turning points at 
the depths of 30 cm and 12 cm respectively, which 
corresponded to the profiles of grain size, isotopic 
compositions and concentrations of TOC and TN. The 
concentrations of all elements but Sr, Na and Co were 
constant below 30 cm and then increased between 30 
and 12 cm. The concentrations of heavy metals, par-
ticularly Zn, Pb, Cu, Ni and Cr were characterized by 
a rapid increase above 12 cm. Sediments displayed a 
fluctuation in the concentration of Ti and Sr at the 

same segment. A negative correlation occurred be-
tween Fe and Mn on top of the core.  

3.4  Stable isotopes of carbon and nitrogen of aquatic 
plants and ammonium and water chemistry  

δ 15N values of NH4
+ collected from various sites 

ranged from 6.2‰ to 33.09‰ as listed in Table 1, 
which were higher than 12‰ except the values of East 
Taihu Bay and within the enclosure of Meiliang Bay in 
July. δ 15N of NH4

+ and hydrochemical parameters of 
East Taihu Bay showed lower values than those of 
Meiliang Bay. A marked decline of δ 15N of NH4

+ was 
observed inside the enclosure of Meiliang Bay from 
May to July with a steep monthly difference of more 
than 10‰, which corresponded with a similar reduc-
tion in the concentrations of hydrochemical parame-
ters (except TP) at the same site. The isotopic variation 
between surface and bottom waters within the enclo-
sure at each month was less than 2‰. There was simi-
lar variation between δ15N of NH4

+ and TP outside the 
enclosure, peaking in June, when TN and Chl-a con-
centrations reached the lowest level.  

The δ 13C and δ 15N values of the main aquatic  
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Fig. 4.  The distribution with depth of element concentrations for core ML. 

 
plants in Meiliang Bay and East Taihu Bay are listed 
in Table 2. δ 13C values of aquatic plants in Meiliang 
Bay (−27.33‰―−19.62‰) appeared to be much 
lower than that in East Taihu Bay (−15.47‰), while δ 

15N values displayed an opposite trend. δ 15N values of 
algae samples were in excess of 10‰, which were 
enriched in 15N relative to aquatic macrophyte. 

4  Discussion 

4.1  Environmental significance of geochemical and 
hydrochemical parameters 

(i) TOC, TN and TP concentrations in sediments.  
TOC together with TN concentrations of lacustrine 
sediment can be used to infer in-lake primary produc-
tivity and reflect both aquatic and terrestrial signals. 
The high TOC and TN concentrations of these sedi-
ments suggest that primary productivity in the water 
column was high and large volumes of soil OM and 
plant debris. TP content of sediment is taken as a 
proxy of nutrient inputs to a lake from the surrounding 
watershed. A variety and intensity of human activities 
have greatly increased TOC, TN and TP concentra-
tions in sediment since the beginning of human dis-
turbance[16]. Enrichment of these elements in surface 
sediment is directly related to industrial effluent, do-
mestic sewage as well as fertilizer run off from agri-
cultural fields. 

(ii) Stable isotope compositions of sediments, biota 
and dissolved nutrients and water chemistry.  Stable 
carbon and nitrogen isotopic compositions of OM in 

lake sediments are proven to be valuable proxies for 
diagnosing the OM origins, and for describing past 
primary productivity and the nutrient utilization and 
cycle of the water column. The isotopic variation of 
the sedimentary organic carbon is used to trace differ-
ent OM sources to lakes, especially in lakes dominated 
by allochthonous organic sources, due to the distinct 
isotopic signatures of various sources[17]. In lakes 
dominated by anthropogenic OM, δ 13C values of 
submerged plant are much higher than those of phyto-
plankton that preferentially utilizes 12C-enriched CO2 
in photosynthesis. Submerged plants usually access 
two sources of carbon: dissolved CO2 and HCO3

−, but 
the ratio of HCO3

− to CO2 is closely associated with 
water chemistry[18]. However, when the availability of 
dissolved CO2 (δ 13C = −7‰) is limited and lake algae 
begin to use dissolved HCO3

−(δ 13C = 1‰) as their 
source of carbon, their isotopic compositions are 
higher than that of land plants. In other cases, delivery 
of large amounts of isotopically light soil dissolved 
inorganic carbon (DIC) to a lake can lead to in-lake 
production of isotopically light algal OM. Phyto-
plankton and C3 land plants usually have overlapping 
carbon isotopic compositions (−37‰―−24‰)[18]. 
Application of nitrogen isotopic compositions and C/N 
ratio in sediment and present plants can help to iden-
tify the major OM origins to a lake. In general, δ15N 
values of algae become heavier than those of land 
plants[19]. The isotopic difference between various 
sources of nitrogen is roughly preserved in the δ15N 
values of OM from algae (8.5‰) and from C3 land  
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Table 1  δ 15N of NH4
+ and hydrochemical parameters of Meiliang Bay and East Taihu Bay 

May Jun Jul Aug SepSampling 
location Item Surface 

water 
Bottom 
water 

 
Surface 

water 
Bottom 
water 

Surface  
water

Bottom 
water 

Surface  
water 

Bottom 
water 

 
Surface 
water 

δ 15N-NH4
+(‰) 31.31 33.09 18.86 20.51 6.79 6.2 a) a) a) 

TN (mg·L−1) 7.52 4.75 4.65 5.37 2.78 
TP (mg·L−1) 0.02 0.29 0.09 0.28 0.21 

Inside the 
enclosure in 

Meiliang Bay
Chl-a (µg·L−1) 47.03 43.50 23.66 48.03 52.21 
δ 15N-NH4

+(‰) 19.91 25.71 30.33 30.31 24.84 12.67 a) a) a) 
TN (mg·L−1) 10.71 6.44 13.80 4.53 2.72 
TP (mg·L−1) 0.09 0.32 0.12 0.18 0.22 

Outside the 
enclosure in 

Meiliang Bay
Chl-a (µg·L−1) 25.23 8.21 39.42 27.33 17.09 
δ 15N-NH4

+(‰)   25.09      20.56 
TN (mg·L−1)   4.95      1.73 
TP (mg·L−1)   0.10      0.08 

Platform at 
TLLER in 

Meiliang Bay
Chl-a (µg·L−1)   30.5      22.7 

 
East δ 15N-NH4

+(‰)   9.9    8.58 11.44  

Taihu TN (mg·L−1)   1.06    2.75  
Bay TP (mg·L−1)   0.05    0.05  

 Chl-a (µg·L−1)   1.9    5.76  
a) indicates value below the detection limit (< 0.2 mg N/L). 

 
Table 2  δ 13C and δ 15N of the main aquatic plants in Meiliang Bay and East Taihu Bay (‰) 

Inside the enclosure in Meiliang Bay Outside the enclosure in 
Meiliang Bay 

Platform at TLLER in 
Meiliang Bay East Taihu Bay 

 
Trapa bispinosa Cyanobacteria accu-

mulations Cyanobacteria accumulations Cyanobacteria accumulations Vallisneria spiralis 

δ 15N 6.59 16.79 13.16 14.16 6.34 
δ 13C −27.33 −22.14 −19.62 −21.11 −15.47 
 

plants (0.5‰)[20]. Thus the clear isotopic distinction 
between aquatic plants collected from Meiliang Bay 
and East Taihu Bay suggested that the preponderant 
types of plants in these two lake areas were different 
(Table 2). OM from lake algae has C/N ratios that 
commonly present between 4 and 10, whereas vascu-
lar land plants create OM that usually has C/N ratios 
of 20 or greater. The proportions of sedimentary OM 
that originate from these two general sources can con-
sequently be distinguished by their characteristic C/N 
ratios[21,22]. 

Changes in phytoplankton productivity and species 
composition can strongly influence the δ 13C and δ 15N 
values of sediment. A change or opposite change in the 
dominant phytoplankton group from N-fixing cyano-
bacteria (δ 15N close to 0‰) to non N-fixing cyano-
bacteria can be inferred from shifts in nitrogen iso-
topic composition of sediment. N-fixing blue-green 
algae directly fix atmospheric N2 to produce OM with 
a δ 15N value near 0‰ when dissolved inorganic ni-
trogen (DIN) concentrations are consistently low[23]. 

Phytoplankton preferentially takes up 12CO2 and 
14NO3

− to produce 12C- and 14N-enriched OM. How-
ever, this mechanism of selective uptake is restricted 
during periods of high abundance of phytoplankton 
and the availability of dissolved CO2 and NO3

− be-
comes diminished, such that phytoplankton have high 
isotopic values relative to land plants[3,24,25]. In a 
closed system, Raleigh fractionation dictates that 13C 
and 15N fractionation decrease with increasing δ 13C 
and δ 15N values of newly produced OM as HCO3

- and 
NO3

− is progressively depleted[26―29].  
When only a minor portion of available nitrogen is 

consumed, the nitrogen isotopic composition of the 
dissolved inorganic nitrogen (DIN) is never signifi-
cantly altered. This is because P, and not N, commonly 
limits primary productivity in lakes. Under these con-
ditions, δ 15N values of OM produced by phytoplank-
ton become relatively constant. Yet surface nitrate 
concentrations and sedimentary nitrogen isotopic 
compositions can be used as a proxy to reconstruct 
nutrient utilization in lakes with large changes in nu-
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trient inputs and primary productivity[1]. Due to a gen-
eral decrease in nutrient concentrations and isotopic 
fractionation in highly productive lakes[26―29], DIC and 
DIN are utilized unselectively by phytoplankton, re-
sulting in its positive carbon and nitrogen isotope ex-
cursions[30,31]. Stable carbon and nitrogen isotopic 
values of phytoplankton-derived OM rise in response 
to elevated primary productivity and thus a positive 
relationship occurs among sedimentary δ 13C and δ 15N 
values[32]. 

This interpretation, however, is not consistent with 
other situations where a negative relationship between 
them is observed. High inputs of external nutrients 
from domestic sewage, industry and agricultural run-
off to a lake will alter the δ 15N values of DIN in the 
water column and cause a subsequent change in sedi-
mentary δ 15N values[1]. Nitrogen fertilizer has a large 
range of δ 15N values, which is much lower than those 
of human and animal waste. Increased use of fertilizer 
would result in a decrease in δ 15N of composition in 
the sediment[33]. NH4

+ and NO3
− derived from human 

and animal waste are enriched in 15N (δ 15N>10‰), as 
industrial runoff and human sewage show high δ 15N 
values ranging from 10‰ to 25‰[34]. In addition, wa-
ter column denitrification in an anoxic condition will 
enrich the residual NO3

− in 15N[4]. Thus δ 15N of NH4
+ 

can help to identify the contributions of nitrogen fer-
tilizer and human and animal waste in sediments[35].  

Chlorophyll is necessary for photosynthesis in 
plants and the intensity of photosynthesis affects pri-
mary productivity. Chl-a may serve as a key indicator 
of primary productivity in lakes. We use Chl-a as 
proxy for algae productivity in Meiliang Bay because 
of its absence of vascular plants. As shown in Table 1, 
δ 15N values of NH4

+ from May to September in Mei- 
liang Bay except the value in July inside of the enclo-
sure, were in excess of 12‰, suggesting that the lake 
was profoundly influenced by industrial and human 
sewage. Inside the enclosure, δ 15N values of NH4

+ 
over time showed similar trends to TN and Chl-a con-
centrations and failed to be consistent with TP concen-
trations, indicating that it was controlled mainly by 
algae productivity, not external nutrient loading.  

Out-side the enclosure, the increase of δ 15N of NH4
+ 

in accordance with TP concentrations reflected large 
external nutrient inputs. The δ 15N composition of 
NH4

+ of surface water outside the enclosure was 
12.07‰ higher than that of bottom water in July. This 
might indicate that degradation of sedimentary OM 
decreased the δ 15N composition of NH4

+ of bottom 
water and consequently increased δ15N values of re-
sidual OM[30]. More positive nitrogen isotopic excur-
sion might occur during denitrification under anoxic 
condition in surface sediments, as a consequence of 
oxygen depletion resulting from OM decomposition[4]. 
Based on observed changes of bacteria biomass in sur- 
face sediments from Lake Taihu during various sea-
sons, Liu shuangjiang1) found that denitrifying bacteria 
were the dominant species during summer and autumn 
(during algae blooms). Both δ 15N of NH4

+ and hy-
drochemical parameter values in East Taihu Bay were 
lower than those in Meiliang Bay, suggesting that the 
isotopic geochemistry at sediment-water interface of 
these two lake areas were entirely distinct from one 
another due to their different ecosystem types. 

(iii) Element concentrations.  Element distribu-
tions in lake sediments are profoundly influenced by 
sediment chemical composition, sediment grain-size, 
runoff inputs, and human activities. Alkaline earth 
metals such as Sr are rapidly corroded by water, 
whereas other metals are actively absorbed and com-
plexed with OM, humus, colloid, and suspend matter 
in the water column, and then deposited at sediment. 
The affinities are so strong that most elements in 
sediment are hardly released into the water in a natural 
water system. The finer the grain size, the larger the 
specific surface area and the stronger the affinities, 
thus most metals are accumulated and enriched in fine 
sediments[36]. The profile of heavy metals shows the 
same general trend with that of Al during natural 
deposition in a lake, whereas the variation in the con-
centration of some heavy metals is mainly controlled 
by changes in their sources[37]. The increasing inflow 
of industrial and municipal sewage to a lake results in 
a particularly strong accumulation of anthropogenic 
heavy metals in sediments due to urbanization and 
industrialisation[38]. In addition, it is concluded that  

                            
1) Liu Shuangjiang, Unpublished observations. 
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anthropogenic heavy metals like Pb buried in the 
sediments are derived from automobile tail gas and 
industrial waste gas[39]. Therefore, vertical distribution 
of heavy metals in sediments can provide a record of 
pollution history for the overlying water column, 
which is significant to the study of water pollution 
caused by human activities[40]. 

4.2  Eutrophication history of Meiliang Bay as re-
corded in sediment core ML 

The sediment samples from core ML had δ 13C val-
ues of organic carbon between −27‰ and −20‰ and  
δ 15N values between 3‰ and 12‰, similar to those of 
aquatic plant samples (from −27.33‰ to −19.62‰ for 
C and from 6.59‰ to 16.79‰ for N), and their C/N 
ratios were very low and displayed a narrow range 
between 8.3 and 10.5 (Fig. 2; Table 2), which sug-
gested that the organic material is composed largely of 
aquatic plant material. Integrating multiple proxies 
from core ML had been shown to reconstruct the his-
tory of eutrophication in Meiliang Bay as follows. 

(1) 52―30 cm (prior to 1950): Neither elemental 
nor isotopic records displayed significant change, to-
gether with coarser grain-size, minor clay minerals, 
suggesting a stable deposition in the lake. The falling 
TOC content and C/N ratio were associated with the 
coarser grain size and also indicated lower aquatic 
primary productivity. 

(2) 30―12 cm (1950s―1990s): Rising TP and 
heavy metals content in contrast to little change in clay 
and Al contents reflected the progressive nutrient and 
element input due to human activities in the catchment. 
The sediments recorded a gradual change to lower   
δ 13C and δ 15N, while TOC and TN concentrations 
rose and C/N ratio fell over the same period. It sug-
gested that the autochthonous OM was relatively en-
riched in 12C and 14N, as a consequence of the pres-
ence of abundant phytoplankton, enhanced aquatic 
primary productivity and the beginning of eutrophica-
tion. 

(3) 12―0 cm (1990s to the present): An abrupt in-
crease in Zn, Cu, Ni, Cr accompanied by stable 
grain-size indicated the excessive input of industrial 
sewage. Pb concentration increased, peaking at 4 cm, 
and then remained at high levels, which was the evi-
dence for the contribution of both air and soil pollution. 

The rapid increase in TOC, TN and TP was related to 
the increased nutrient loading and elevated primary 
productivity. The ammonium nitrogen of Meliang Bay 
had δ 15N values of 6.2‰—33.25‰ as shown in Table 
1, which was close to the range of industrial and 
domestic sewage and more heavier than that of 
fertilizer. The inverse relationship between δ 15N and 
C/N ratio suggested that the autochthonous OM was 
enriched in 15N. Utilization of 15N-enriched DIN by 
phytoplankton are probably one reason for the rising 
δ15N trend, which indicated similar δ 15N values of 
sediment compared to algae were attributed to 
industrial effluents and domestic sewage (Table 2). 
Moreover, the uptake of 12CO2 by the flourishing algae 
resulted in excursions to less negative δ 13C values in 
autochthonous OM, but not yet reaching hypereutr- 
ophic status characterized by excursions to more posi-
tive δ 13C values[5]. The negative correlation between 
Fe and Mn may occur under chemical reducing 
conditions at the sediment-water interface. When dead 
algae sank in vast numbers and preserved into the 
sediment, their decomposition depleted the oxygen 
levels and led to anoxia at the sediment-water inter-
face[41]. Under these conditions, decomposition and 
denitrification probably had an impact on the increase 
in δ 15N of sediment OM. Shifts in carbon and nitrogen 
isotopic values in the section were thought to be a 
response to the increasing eutrophication in the lake. 

The environmental change as recorded in δ 13C and 
δ 15N values of sedimentary OM in Meiliang Bay dur-
ing the past five decades showed synchronous re-
sponse to hydroenvironmental monitoring data over a 
period of decades[10]. According to these investigation 
data, water quality in Lake Taihu changed from class 
I―II in the early 1960s to class II―III in the early 
1980s. Class III was mostly common in the lake until 
the late 1980s, whilst class IV and V characteristics 
were indicated in some parts. In the mid-1990s the 
water there was ranked as class IV. At present 83.5 
percent of the lake is eutrophic, only East Taihu Bay 
and the central part of the lake is mesotrophic. 

5  Conclusions 

Stable isotopic signatures (δ 13C and δ 15N) from 
present plants in Lake Taihu provided information on 
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OM source dominated by aquatic plants and revealed 
the distinction of plant species composition and tro-
phic status among different lake areas accompanied by 
shifts in δ 15N of NH4

+. Variations in δ 15N of ammo-
nium and water chemistry from Meiliang Bay through 
time indicated that external nutrient input had signifi-
cant impact on the lake environment. In particular, the 
enhanced discharge of 15N-enriched industrial runoff 
and domestic sewage to the lake altered nitrogen iso-
topic composition of DIN in the water column. Thus 
an increase in abundance of algae during summer 
caused a negative excursion in δ 13C values and a posi-
tive excursion in δ 15N values of OM. Furthermore, a 
large amount of organic detritus sank down rapidly, 
and then led to anoxia in the surface sediments. The 
more positive excursion in δ 15N in sediments was a 
function of both the organic decomposition and deni-
trification within the sediment, which resulted in the 
inverse correlation between δ 13C and δ 15N in sedi-
ments and the similarity of N-isotopic composition 
between surface sediments and algae. Shifts in nitro-
gen isotopic composition in sediments suggested that 
the cycling process was still progressing. The profiles 
of carbon and nitrogen isotopic compositions of OM 
were in relative synchrony with other geochemical 
record and hydrochemical data in Meiliang Bay and 
thus successfully traced the history of eutrophication 
at the lake during the past five decades, which was 
subdivided into three sections: the less productive, 
oligo-mesotrophic lake with better water quality prior 
to 1950; the more productive, degraded lake resulting 
from increased nutrient and pollutant concentrations as 
a result of the expansion of human populations and 
activities (a transfer of agricultural practices such as 
aquatic animal culture to industry and city develop-
ment) between the 1950s and 1990s, which repre-
sented the beginning of an eutrophication process; the 
more eutrophic lake with massive algae blooms since 
1990, which was attributed to the discharge of a huge 
amount of industrial and domestic sewage under rapid 
industrialization and urbanization.  

Acknowledgments  The authors would like to thank Xing 
Guangxi, Shi Shulian, Liu Zhengwen, Sui Guirong and Zhu 
Yuxin for their assistance and support in the experiment. 
Also acknowledged is the Soil and Environment Analysis 
Center for stable-isotope analyses. This work was jointly 

supported by the Key Innovation Project of the Chinese 
Academy of Sciences (Grant No. KZCX1-SW-12), the State 
Key Basic Research and Development Program (Grant No. 
2002CB412300) and the National Natural Science Founda-
tion of China (Grant Nos. 40273004 and 40172102). 

References 

1. Teranes, L. J., Bernasconi, M. S., The record of nitrate utilization 
and productivity limitation provided by δ 15N values in lake or-
ganic matter-A study of sediment trap and core sediments from 
Baldeggersee, Switzerland, Limnol. Oceanogr., 2000, 45(4): 
801―813. 

2. Meyers, P. A., Organic geochemical proxies of paleoceanographic, 
paleolimnologic and paleoclimatic processes, Org. Geochem., 
1997, 27(5/6): 213―250. 

3. Hollader, D. A., McKenzie, J. A., CO2 control on carbon isotope 
fractionation during aquatic photosynthesis: A palaeo-pCO2 ba-
rometer, Geology, 1991, 19: 929―932. 

4. Hodell, D. A., Schelske, C. L., Production, sedimentation and 
isotopic composition of organic matter in Lake Ontario, Limnol. 
Oceanogr., 1998, 43: 200―214. 

5. Wu, J. L., Gagan, M. K., Jiang, X. et al., Sedimentary geochemi-
cal evidence for recent eutrophication of Lake Chenghai, Yunnan, 
China, J Paleolimn., 2004, 32: 85―94. 

6. Schelske, C. L., Hodell, D. A., Using carbon isotopes of bulk 
sedimentary organic matter to reconstruct the history of nutrient 
loading and eutrophication in Lake Erie, Limnol. Oceanogr., 1995, 
40(5): 918―929. 

7. Brenner, M., Whitmore, T. J., Lasi, M. A. et al., Stable isotope (δ 

13C and δ 15N) signatures of sedimented organic matter as indica-
tors of historical lake trophic state, J Paleolimn., 1999, 22: 205―
221. 

8. Wang, S. M., Dou, H. S., Memoirs of Lakes in China (in Chinese), 
Beijing: Science Press, 1998, 261―268. 

9. Qu, W. C., Wang, S. M., Zhang, P. Z. et al., Classifying lake types 
using biological markers, Oceanologia et Limnologia Sinica (in 
Chinese with English abstract), 2000, 31(5): 530―534.  

10. Qin, B. Q., Hu, W. P., Chen, W. M. et al., Process and Mechanism 
of Environmental Changes of the Taihu Lake (in Chinese), Beijing: 
Science Press, 2004, 19―33. 

11. Michael, J. S., Examination of water for pollution (volume 2), 
World Health Organisation Region Office for Europe, 1980, 258. 

12. Lu, R. K., Methods of Soil Science and Agricultural Chemistry 
Analysis (in Chinese), Beijing: China Agricultural Science and 
Technology Press, 2000, 558―562. 

13. Jin, X. C., Tu, Q. Y., Criteria of Evaluating Lake Eutrophication 
(2nd edition) (in Chinese), Beijing: China Environmental Science 
Press, 1990, 159―206. 

14. Rose, N. L., Boyle, J. F., Du, Y. et al., Sedimentary evidence for 
changes in the pollution status of Taihu in the Jiangsu region of 
eastern China, J. Paleolimn., 2004, 32(1): 41―51. 

15. Wu, J. L., Wang S. M., Climatic variations in the past 140 ka re-



Evidence from isotopic geochemistry as an indicator of eutrophication of Meiliang Bay in Lake Taihu, China 71 

 

corded in core RM, east Qinghai-Xizang Plateau, Science in 
China, Series D, 1997, 40(4): 443―448. 

16. Rosenmeier, M. F., Hodell, D. A., Brenner, M. et al., A 4000-year 
lacustrine record of environmental change in the southern Maya 
lowland, Peten, Guatemala, Quat. Res., 2002, 57: 183―190. 

17. Smith, B. N., Epstein, S., Two categories of 13C/12C ratios for 
higher plants, Plant Physiology, 1971, 47: 380―384. 

18. Stuiver, M., Climate versus changes in content of organic compo-
nent of lake sediment during the Late Quarternary, Quat. Res., 
1975, 5: 252―262. 

19. Meyers, P. A., Ishiwatari, R., Lacustrine organic geochemistry-an 
overview of indicators of organic matter sources and diagenesis in 
lake sediments, Org. Geochem., 1993, 7: 867―900. 

20. Peterson, B. J., Howarth, R. W., Sulfur, carbon, and nitrogen iso-
topes used to trace organic matter flow in the salt-marsh estuaries 
of Sapelo Island, Georgia, Limnol. Oceanogr., 1987, 32: 1195―
1213. 

21. Meyers, P. A., Preservation of source identification of sedimen-
tary organic matter during and after deposition, Chem. Geol., 
1994, 144: 289―302. 

22. Meyers, P. A., Leenheer, M., Bourbonniere, R., Diagenesis of 
vascular plant organic matter components during burial in lake 
sediments, Aquatic Geochem., 1995, 1: 35―52. 

23. Fogel, M. L., Cifuentes, L. A., Isotope fractionation during pri-
mary production, Organic Geochemistry (eds. Macko, S. A., 
Engel, M. H.), New York: Plenum Press, 1993, 73―94. 

24. Keely, J. E., Sandquist, D. R., Carbon: freshwater plants, Plant 
Cell Environment, 1992, 15: 1021―1035. 

25. Bernasconi, S. M., Barbieri, A., Simona, M., Carbon and nitrogen 
isotope variations in sedimenting organic matter in Lake Luagano, 
Limnol. Oceanogr., 1997, 42(8): 1755―1765. 

26. McKenzie, J. A., Carbon isotopes and productivity in the lacus-
trine and marine environment, Chemical Processes in Lakes (ed. 
Stumm, J.), New York: Wiley, 1985, 99―118. 

27. Herczeg, A. L., A stable isotope study of dissolved inorganic car-
bon in a softwater lake, Biogeochemistry, 1987, 4: 231―263. 

28. Cifuentes, L., Sharp, J., Fogel, M., Stable carbon and nitrogen 
isotope biogeochemistry in the Delaware estuary, Limnol. 
Oceanogr., 1988, 33: 1102―1115. 

29. Schelske, C., Hodell, D., Recent changes in productivity and cli-
mate of Lake Ontario detected by isotopic analysis of sediments, 
Limnol. Oceanogr., 1991, 36: 961―975. 

30. Macko, S., Engel, H., Parker, P., Early diagenesis of organic mat-

ter in sediments: Assessment of mechanisms and preservation by 
the use of isotopic molecular approaches, Organic Geochemistry: 
Principles and Applications (eds. Engel, M. H., Macko, S. A.), 
New York: Plenum Press, 1993, 211―224(Chapter 9). 

31. Macko, S., Pereira, C., Neogene paleoclimate development of the 
Antarctic Weddell Sea region: Organic geochemistry, Proceedings 
of the Ocean Drilling Program Part B: Initial Reports of the Ocean 
Drilling Program (eds. Barker, J., Kennett, J. P. et al.), Texas 
A&M University, Part B, 113, 1990, 881―897. 

32. Meyers, P. A., Tenzer, G., Lebo, M. E. et al., Sedimentary record 
of sources and accumulation of organic matter in Pyramid Lake, 
Nevada over the past 1000 years, Limnol. Oceanogr., 1998, 43: 
160―169. 

33. Herczeg, A. L., Smith, A. K., Dighton, J. C., A 120 year record of 
changes in nitrogen and carbon cycling in Lake Alexandrina, 
South Australia: C:N, δ 13C and δ 15N in sediments, Appl. Geo-
chem., 2001, 16: 73―84. 

34. Kendall, C., Tracing nitrogen sources and cycling in catchments, 
Isotope Tracers in Catchment Hydrology (eds. Kendall, C., 
McDonnell, J. J.), Amsterdam: Elsevier, 1998, 519―576(Chapter 
16). 

35. Xing, G. X., Cao, Y. C., Shi, S. L. et al., N pollution sources and 
denitrification in waterbodies in the Taihu Lake region, Science in 
China, Series B, 2001, 44 (3): 304―314. 

36. Chen, J. S., Aquatic environmental chemistry (in Chinese), Bei-
jing: Higher Education Press, 1987, 176―188. 

37. Huh, C A., Fluxes and budgets of authropogenic metals in the 
Santa Monica and San Pedro Basins off Los Angeles―review and 
reassessment, Sci. Total Environ., 1996,179: 47―60. 

38. Zhang, J., Some progresses in estuarine geochemical studies of 
China, Oceanologia et Limnologia Sinica (in Chinese with Eng-
lish abstract), 1994, 25(4): 438―445. 

39. Szefer, P., Szefer, K., Glasby, G. P. et al., Heavy metal pollution in 
surficial sediments from the southern Baltic Sea of Poland, J. En-
vironmental Science, part A: Environ Sci Eng Toxic Hazard Subst 
Control, 1996, A31(10): 2723―2754. 

40. Bakan, G., Balkas, T., Enrichment of metals in the surface sedi-
ments of Saponca Lake, Water Environmental Research, 1999, 71: 
71―74. 

41. Talbot, M. R., Lærdal, T., The late Pleistocene-Holocene palaeo-
limnlolgy of Lake Victoria, East Africa, based upon elemental and 
isotopic analyses of sedimentary organic matter, J. Paleolimn., 
2000, 23: 141―164.

 


	Evidence from isotopic geochemistry as an indicator of�eutro
	LIN Lin1,2, WU Jinglu1 & WANG Sumin
	1  Site
	2  Materials and methods
	3  Results
	4  Discussion
	5  Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


