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Abstract— C:N ratio of lake sediments provide valuable 
information about the source and proportions of terrestrial, 
phytogenic and phycogenic carbon and nitrogen. This study has been 
carried out in Varthur lake which is receiving sewage since many 
decades apart from large scale land cover changes. C:N profile of the 
surficial sediment layer collected in the rainy and the dry seasons 
revealed higher C:N values[43] due to the accumulation of 
autochthonous organic material mostly at the deeper portions of the 
lake. This also highlights N limitation in the sludge either due to 
uptake by micro and macro-biota or rapid volatilization, 
denitrification and possible leaching in water. Organic Carbon was 
lower towards the inlets and higher near the deeper zones. This 
pattern of Organic C deposition was aided by gusty winds and high 
flow conditions together with impacts by the land use land cover 
changes in the watershed. Spatial variability of C:N in surficial 
sediments is significant compared to its seasonal variability. This 
communication provides an insight to the pattern in which nutrients 
are distributed in the sludge/sediment and its variation across 
seasons and space impacted by the biotic process accompanied by 

the hydrodynamic changes in the lake.  
 
Keywords— Sediments, C:N, sewage, urban lake, nutrients, 
macrophytes, algae  

 

I. INTRODUCTION 

arbon and Nitrogen as nutrients plays a vital role in 
maintaining trophic levels in lake ecosystems. The dry 

weight ratio of total organic carbon to total nitrogen (C/N 
ratio) has been used as an indicator of the source of organic 
matter (OM) in sediments. Variations of C:N ratio’s within 
sediments have aided to determine temporal and spatial of 
organic matter, steroid compounds and lignin phenols 
changes in sources of organic matter to lakes. Nevertheless 
the organic matter in the form of 13C/12C ratio is an essential 
indicator. However due to the variability in isotopic ratio of 
planktonic OM adds to ambiguity in measurements [1-4] due 
to a wide range inorganic δ13C values [2]. Also as indicators 

analysis involves chemical complexities. In this context, the 
C/N ratio proves to be an efficient and straightforward 
indicator of organic source, particularly in depositional 
environments of lakes. 

II. C/N RATIO 

  The C/N ratio has been used as a representative proxy to 
reconstruct the depositional environment of freshwater lake 
sediments [5-10]. Carbon and Nitrogen in aquatic ecosystems 
are governed by the mixing of terrestrial and autochthonous 
organic matter [11-12,5,13-14,4]. C/N ratios of 5 to 6 are 
reported in phytoplankton and zooplankton, which have 
proteins, which are primarily nitrogen compounds [15,16]. 
Freshly-deposited OM, derived mainly from planktonic 
organisms, has a C/N ratio of 6 to 9 [15, 17-18]; Phycogenic 
C/N ratio was found to be between 4 and 10 [3]. This is 
contrary to C/N ratios 15 or higher with [16,19-23] in 
terrestrial vascular plants and their derivates in sediments, 
and greater than 20 [3] in terrestrial organic matter and about 
39.4 [22] for macrophyte materials.  
 
In this communication we analyze the distribution of OM and 
the variability in the C/N ratio under the prevailing seasonal 
oxic and anoxic conditions, and evaluate the sensitivity of the 
C/N ratio to changes in the proportions of planktonic and 
terrestrial OM. Variations in C:N ratio within sediment have 
been  used to understand lake’s temporal depth profile apart 
from analyzing the period of high proportion of terrestrial 
OM input [24]. Conversely, lower C:N ratios help to identify 
periods when lake sediments have received a high proportion 
of algal OM [25]. C:N ratio to discern changes in organic 
matter sources has been the subject of discussion [26,27] as 
the C:N of terrestrial organic matter decreases during 
diagenesis, while that of algae increases [28]. In this 
backdrop, a study has been carried out to identify spatial and 
a short time temporal variability in nature and sources of 
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organic matter to Lake Varthur, Bangalore (India) through 
the analysis of C:N of surficial sediments. 
 

III. SPATIO-TEMPORAL VARIABILITY IN C: N RATIO 

 
A significant spatial and temporal variability of water quality 
in terms of organic compounds and nutrients, with a 
considerable decrease in the organic matter as water flows 
from inlet to the outlets during the seasons devoid of 
macrophytes cover in the lake was observed. Varthur Lake 
serves as a source for irrigation to the cultivable lands and 
vegetable cultivation together with horticulture and 
floricultural activities and has a surface area of 220 ha 
(Figure 1). The lake was built by the Ganga Kings (Gazetteer 
of Karnataka) to store water. The lake initially was a deep 
with water which was used for drinking and other domestic 
purposes, intense urbanization have dwindled the catchments 
for the last few decades.  During the last two decades there 
are large scale changes in land use paving way for rapid 
decline in the number of lakes and eutrophication. 
 
Figure 1. Bathymetric map of Lake Varthur, Bangalore 
(India). The large dot with the star’s indicate the sites where 
surficial sediments were taken (S1-S15) and contours 
represent the various depths of the Lake. 
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IV. SURFICIAL SEDIMENT ANALYSIS 

 
Surficial sediments were sampled  along three transects 
[shown as arrows] near north shoreline, middle and south 
shoreline, from different depths in Varthur Lake (Figure 1) 
during nonmonsoon (NMON-08,09)  period (Aug-Oct)  and 
monsoon (MON 09) period (Dec-Jan), 2010 to quantify, 
assess the nutrient quality, accumulation in sediments and its 
variability with respect to space (spatial) and with time 
(temporally). The lake was divided into imaginary zones from 
Z1 – Z5 taking the inlets as a refrence and considering the 
flow as a function of residence time (4.8 days). Representative 
samples were obtained from each site with the help of a 
sediment sampler; they were then placed into plastic bags, 
refrigerated at 4°C prior to analysis. The samples were dried; 
processed and homogenized for the CHN analysis. Organic 
Carbon content and Total Nitrogen and atomic C:N of bulk 
sediment samples were determined by combustion of the dried 
and processed surface sediments in a CHN analyzer (TRUE 
SPEC CHN Vers. 1.9X, LECO). Settling experiments were 
carried out to time required for 90% settling for non-
monsoon, 08 sediment samples. Dry wt. was calculated for 
the samples and quantitaion of C and N was carried out for 
respective zones. 
 
Figure 2a). % C content during Monsoon                                                   
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Figure 2b). % C content during Non-Monsoon                       
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Figure 3 a). % N content during Monsoon                 
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Figure 3 b). % N content during Non-Monsoon                 
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Figure 4 a).  C/N ratio during Monsoon                     
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Figure 4 b). C/N ratio during Non-Monsoon    
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Figure 5.Variability in the C:N ratio at various zones in the 
lake 
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During 2009 analysis the surficial sediments C content for the 
non-monsoon at depths greater than 1.5 m-1.75 m (Z3 and 
Z4) showed higher values 17.64 g/100 g dry wt. compared to 
monsoon values (Figure 2.a & b) which could be due to 
persistence of organic decomposable and sludge at normal 
flow conditions. With high wind speeds and high flow rate 
during monsoon a phenomenal turbulence is created by 
churning followed by upwelling which releases the sludge 
from the bottom. The sludge escaping from the system was 
found to have a similar C and N content as was found in 
samples from greater depths (Z4 and Z5) where C/N = 
50.05+3.02; C=33.66+5.12; N =0.68+0.07. The samples 
collected along north transect showed higher C values 
compared to the other regions of the lake.  (Figure 2.). This is 
attributed to higher anthropogenic effects and terrestrial C 
sources like sewage from the urbanized pocket. A lower C 
value in the southern side is attributable to suburb type 
habitations with more agricultural fields in the immediate 
vicinity.  
 
The N content analysis showed a similar trend in the way in 
which organic C is distributed across the lakes (Figure 3.a & 
b). However the entire system was found to be having a 
relatively lower N content compared to other studies [26]. 
The seasonal analysis showed a higher N content in the non-
monsoon period. The N content was highest at the deeper 
regions (Figure 3.b). This is attributed to the rapid death and 
decay of the macrophytes during the late monsoon. The plants 
parts disaggregate; decompose and settle at a very high rate 
during the lean season. The N content in case of macrophytes 
were found to be ~2.25 g/100 g dry wt.[water hyacinth]. This 
difference in the surficial sediments and the macrophytes 
indicates substantial N loses from the sediments which can 
either due to rapid N mineralization followed by volatilization 
or denitrification which should be looked at systematically. 
 
The seasonal observations showed higher C/N values in the 
deeper reaches during the monsoon however the ratio 
becomes more or less constant at those placed during the lean 
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period (Figure 4. a&b). From the figure 4, it was observed 
that the middle regions of the lake had gained a higher C/N 
 
Figure 6. Temporal variability in C content 
 

 
* NMON: Non-monsoon; MON: Monsoon 
 
Figure 7. Temporal variability in N content 

 
 
Figure 8. C/N variability in the lake across time 

 
 
value than the other regions which indicated the flows in both 
the sides of the lake and the middle regions being 
undisturbed. The analysis carried out during wet and dry 
periods reveals that as a function of residence time the C/N 
ratio increases as we move from inlets towards the outlets as 
illustrated in Figure 5. 
 
This indicated that the inflowing stream primarily 
transporting sewage was an important source of terrestrial 
organic matter. However there was a marked increase in the 
C (Figure 6) as well as N (Figure 7) content towards the 
outlets as a function of residence time which could be because 
of more organic matter settling at these regions. The 

preponderance of higher C:N ratio again as illustrated in 
Figure 8, reveals that, there may not be adequate C 
assimilation at the same time the Organic N in the forms of 
Ammonia and nitrates are either readily assimilated by 
bacteria’s or are denitrified and are released to the 
atmosphere in the form of N2O and N2. This could result in 
an altered C:N values as the C:N of terrestrial organic matter 
decreases during chemical, physical, or biological change 
undergone by a sediment after its initial deposition, while that 
of algae and aquatic plants increases [28]. 
 
Figure 9. Correlation between % C and % N content in the 
sediments 
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The present investigation confirm that C:N ratio’s in lake 
sediments can be used reliably to identify sources of 
sedimentary organic matter, and reveal the changes in the 
lake catchment such as land cover changes, aquatic weed 
infestations, discharge of untreated wastewater, etc. Large 
physico-chemical and biological changes in C:N, which 
would have led to an overlie of terrestrial, phytogenic and 
phycogenic C:N, were not evident in the surficial sediments.  
 
It was also observed that the natural variability of C:N of 
surficial sediments (Figure 8) at the center of Varthur Lake is 
small compared to the changes in C:N ratio near by shoreline 
regions of north and south sides of Varthur lake. Temporally 
there was a significant increase in C:N during the last two 
years [to values similar to surficial sediments near the inflow] 
due to changes in the dynamics with an increase in the 
proportion of terrestrial organic matter in the lake’s central 
sediments. However, this has varied settling patterns in 
different seasons. The proportion of terrestrial organic matter 
could have risen because of increased particulate matter loads 
[29] and wastewater discharges [Hornbeck et al., 1986] from 
the upstream lakes through the channels and also direct 
inflow of sewage from the households near the lake boundary. 
As the water flow passes the beds of aquatic macrophytes as 
Typha sp. which checks its velocity, most of the particulate 
organic matter is trapped at the inlet regions. The Lake has a 
higher OM at the centre and near the outlets, due to rapid 
decay and settling of the autochthonous organic matter. 
Morphometry plays a very vital role in deciding the flow 
patterns. The maximum depth of the lake was observed to be 
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2m which is near the outlet region. During early monsoon 
period the north outlet was blocked and persistent stagnation 
was observed. During the summer the sludge churns and 
floats on the surface near the stagnant regions. With the 
removal of blockage at the outlet there was more deposition of 
OM at the deeper portions of the lake. Relatively higher 
values of C:N at the deeper points in the middle of zones Z4 
and Z5 shows the proportion of terrestrial organic matter 
incorporated into central sediments probably declined due to 
stream discharges  and sediment loads [30,29]. Consequently, 
the C:N of the lake sediments in our study are increasing after 
weed infestations and unrestricted discharges of sewage. 
 

V. SEDIMENTATION RATES 

 
In the sludge settling experiments, it was observed that the 
sediments near the inlet regions in zones Z1 and Z2 were 
consisted of 3 different types of sludge. However the 
sediments near the outlet regions were similar. In the non-
monsoon seasons (08) the sludge near the high flow regions 
were having a higher C content (which is attributed to 
particulate organic matter and rapid sludge formation). The 
sludge near the inlet zones was highly organic as seen in the 
earlier (Dec, 08 samples) but as we approach towards the 
outlets an improved and a matured sludge (Fig. 9) was 
observed. This is primarily due to unprecedented discharge of 
untreated sewage and due to external input from the 
catchment and surface run off which is in agreement with 
earlier studies [31]. Figure 10 shows the time taken for the 
sludge for 90% settling. It is well observed that the sludge 
settles fast near the outlets unlike the inlet where it takes a 
much longer time. However the Organic content of the sludge 
was found to be significantly higher in Dec, 09 which showed 
a higher organic C content throughout and was more 
prominent towards the bund region and the outlets. This links 
to the morphometry of the lake which has the deepest 
portions near the bund. The sedimentation rate is lowest in 
the deepest part of the lake, but increases progressively 
towards the inlets and the shorelines on either side of the 
lake.  
 
Figure 10. Time required for 90% of the sludge for settling 
                                

0

40

80

120

160

200

Z1 Z2 Z3 Z4 Z5
Zones

T
im

e
 (

m
in

)

Settling time

 

VI. ELEMENTAL CONCENTRATIONS 

 
A significant variation of organic carbon flux in terms of 
BOD was observed with space and time in Varthur lake and 
is ~ 14.8 kg/ m2 year, which is comparable to eutrophic lakes 
[32-35]. The variation in TOC can be due to differences in 
particulate grains; a constraint of C uptake and breakdown 
due to N limitation or could be due to early stage diagenetic 
alteration. Limited OM degradation in the anoxic sediments 
was reported earlier [36-39]. 
 
The atomic C/N ratio in Varthur sediments near the inlet 
regions (Z1) was recorded to be 23–33. The macrophyte 
derived material as the primary source of sediment OM near 
the south shoreline has C: N of 23.11 compared to slightly 
higher value of 33 in the middle and the north side. There 
was higher accumulation of C near the north side of the lake 
due higher terrestrial anthropogenic impact. These results are 
comparable to C/N ratios about 20 attributing to input of 
vascular plants, and lower C/N ratios [5–8] to algal-derived 
OM [3, 39]. 
 
The N values were consistently very low below 5% of the dry 
wt., which shows an N deficient system. It indicates that 
either the N is already leached into the system, or N forms are 
rapidly up-taken by the microbes. The volatilization and 
denitrification could be significant processes responsible for 
the lower sediment N values.  The Organic N in the 
sediments can however be transformed to various inorganic 
forms as nitrites, ammonia, nitrous oxide or molecular 
nitrogen. The presence of inorganic N in sediments can alter 
C/N ratios and thereby confound the interpretation of OM 
sources [40]. This confirms that the OM source in Lake 
Varthur sediments is essentially autochthonous macrophyte-
derived near the outlets and terrestrial N near the inlet zones. 
However the middle part OM in phycogenic in origin. 
Moreover, the C/N ratios indicate that run-off waters from the 
catchment can increase the terrestrial OM component, as the 
lake is surrounded by agricultural and horticultural lands 
nearly 67%. 
 

VII. CONCLUSIONS 

 
The analysis of the sediment the C:N ratios indicated a strong 
correlation between the elemental composition of C and N. 
This also showed that the sludge/sediments were acting as a 
major sink for C and N. The C and N values were found to be 
significantly higher in the deeper areas than the shallow inlet 
regions. This showed that 60 % of the nutrients are terrestrial 
in origin. These parts mostly are silt laden which is the 
reason for low organic Carbon compared to the other parts of 
the lake. The quantity of C and N stored on the sediments in a 
daily basis was large which accounts to 9 t C and 2.9 t N. The 
north side of the lake was anthrpogenically more impacted 
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than the other parts which is evident from the higher C/N 
ratio.  
 
Therefore, proper wastewater management strategies should 
consider approaches to minimize indiscriminate sewage 
ingress and losses of nutrients from agricultural fields into the 
lake systems. The results indicated that, once nutrients are 
delivered into the lakes, a substantial part in taken up by biota 
which ultimately die, decompose and settles as sludge 
sediment in the lake bottom and with high turbulence created 
by high wind velocities and overflow of water during 
monsoon they are likely to be transported downstream 
without much attenuation in the lake bottoms. Future 
investigations that would account for nature of various 
pollutants entering the lake system, the lake bottom soil types, 
and nutrient loadings from all sources must be conducted to 
examine impact of the wastewater ingress on sediments at 
different levels. (Vegetated, non-vegetated, dredged, and non-
dredged). 

ACKNOWLEDGEMENT 

 
The authors are grateful to Mr. Arun D.T. for assistance 
during sludge/sediment sampling in the field. We are grateful 
to the Ministry of Environment and Forests, Government of 
India for the infrastructure support. We are thankful to Centre 
for infrastructure, Sustainable Transport and Urban Planning 
[CiSTUP], Indian Institute of Science for funding this project. 
 

REFERENCES 

 
[1] B. Fry, and E. B. Sherr, “δ13 C measurements as indicators of carbon flow in 

marine and freshwater ecosystems,” Contrib. Mar. Sci., 27, pp. 13–47, 1984. 
[2] T. W. Boutton, “Stable carbon isotope ratios of natural materials: II. 

Atmospheric, terrestrial, marine, and freshwater environments. Carbon 
Isotope Techniques,” (Coleman D. C. and Fry B., eds.), Academic Press, San 
Diego, pp.  173–185, 1991. 

[3] P. A. Meyers, “Preservation of elemental and isotopic source identification of 
sedimentary organic matter,” Chem. Geol., 114, pp.  289–302, 1994. 

[4] P. A. Meyers, “Organic geochemical proxies of paleoceanographic, 
paleolimnologic, and paleoclimatic processes,” Org. Geochem., 27, pp. 213–
250, 1997. 

[5] N. Nakai, T. Ohta, H. Fujisawa, and M.Yoshida, “Paleoclimatic and sea-
level changes deduced from organic carbon isotope ratios, C/N ratios and 
pyrite contents of cored sediments from Nagoya Harbor, Japan,”  The 
Quaternary Research [Japan Assoc. for Quaternary Res.], 21, 169–177, 
1982. 

[6] E. Wada, M. Minagawa, H. Mizutani, T. Tsuji, R. Imaizumi, and K. 
Karasawa, “Biogeochemical studies on the transport of organic matter along 
the Otsuchi River watershed, Japan,” Estuarine Coastal Shelf Sci., 25, pp. 
321–336. 1987 

[7] J. E. Haugen, and R. Lichtentaler, “Amino acid diagenesis, organic carbon 
and nitrogen mineralization in surface sediments from the inner Oslo fjord, 
Norway,” Geochim. Cosmochim. Acta., 55, pp. 1649–1661, 1991. 

[8] A. Mariotti, F. Gadel, P. Giresse, and Kinga-Mouzeo. “Carbon isotope 
composition and geochemistry of particulate organic matter in the Congo 
River (Central Africa): Application to the study of Quaternary sediments off 
the mouth of the river,” Chem. Geol., 86, pp. 345–357, 1991. 

[9] B. Anderson, R. Scalan, W. Behrens, and P. L. Parker, “Stable carbon isotope 
variations in sediment from Baffin Bay, Texas, U.S.A.: Evidence for cyclic 
changes in organic matter source,” Chem. Geol., 101, pp. 223–233, 1992. 
 

[10] F. G. Prahl, J. R. Ertel, M. A. Goni, M. A. Sparrow, and B. 
Eversmeyer, “Terrestrial organic carbon contributions to sediments 
on the Washington margin,” Geochim. Cosmochim. Acta, 58, pp. 
3035–3048, 1994. 

[11] P. J. Muller, “C/N ratios in Pacific deep-sea sediments: Effect of 
inorganic ammonium and organic nitrogen compounds sorbed by 
clays,” Geochim. Cosmochim. Acta, 41, pp. 765–776, 1977. 

[12] M. A. Rashid, and G. E. Reinson, Organic matter in surficial 
sediments of the Miramichi Estuary, New Brunswick, Canada,”  
Estuarine Coastal Shelf Sci., 8, pp. 23–36, 1979. 

[13] R. B. Biggs, J. H. Sharp, T. M. Church, and J. M. Tramontano, 
“Optical properties, suspended sediments, and chemistry associated 
with the turbidity maxima of the Delaware Estuary,” Canadian J. 
Fisheries and Aquatic Sci., 40, pp. 172–179, 1983. 

[14] S. F. Thornton, and J. McManus. “Application of Organic Carbon 
and Nitrogen Stable Isotope and C/N Ratios as Source Indicators of 
Organic Matter Provenance in Estuarine Systems: Evidence from the 
Tay Estuary, Scotland,” Estuarine, Coastal and Shelf Science, 38, 
pp. 219–233, 1994. 

[15] O. K. Bordowskiy, “Source of organic matter in marine basins,” 
Mar. Geol., 3, pp. 5–31, 1965a. 

[16] O. K. Bordowskiy, “Accumulation of organic matter in bottom 
sediments,” Mar. Geol., 3, pp. 33–82, 1965b. 

[17] F. G. Prahl, J. T. Bennett, and R. Carpenter, “The early diagenesis of 
aliphatic hydrocarbons and organic matter in sedimentary 
particulates from Dabob Bay, Washington,” Geochim. Cosmochim. 
Acta, 44, pp. 1967–1976, 1980. 

[18] R. B. Biggs, J. H. Sharp, “T. M. Church, and J. M. Tramontano, 
“Optical properties, suspended sediments, and chemistry associated 
with the turbidity maxima of the Delaware Estuary,” Canadian J. 
Fisheries and Aquatic Sci., 40, pp. 172–179, 1983. 

[19] J. R. Ertel, and J. I. Hedges, “The lignin component of humic 
substances: Distribution among soil and sedimentary humic, fulvic, 
and base-insoluble fractions,” Geochim. Cosmochim. Acta, 48, pp. 
2065–2074. 1984. 

[20] W. M. Post, J. Pastor, P. J. Zinke, and A. G. Stangenberger, “Global 
patterns of soil nitrogen storage,” Nature, 317, pp. 613–616, 1985. 

[21] J. R. Ertel, J. I. Hedges, A. H. Devol and J.E. Richey, “Dissolved 
humic substances of the Amazon River system,” Limnol. Oceanogr., 
31, pp. 739–754. 1986. 

[22] J. I. Hedges, W. A. Clark, P. D. Quay, J. E. Ricihey, A. H. Devol, 
and U de M Santos, “Compositions and fluxes of particulate organic 
material in the Amazon River,” Limnol. Oceanogr, 31, pp. 717–
738, 1986. 

[23] W. H. Orem, W. C. Burnett, W. M. Landing, W. B. Lyons, and W. 
Showers, “Jellyfish Lake, Palau: Early diagenesis of organic matter 
in sediments of an anoxic marine lake,” Limnol. Oceanogr., 36, pp. 
526–543, 1991. 

[24] P. Guilizzoni, A. Marchetto; G.A. Lami, P. Cameron, N. L. Appleby, 
A. Schnell, C. Schnell, A. Belis, A. Giorgis. and L. Guzzi. “The 
environmental history of a mountain lake (Lago Paione Superiore, 
Central Alps, Italy) for the last c. 100 years: a multidisciplinary, 
paleolimnological study,” J. Paleolim., 15, pp. 245–264, 1996. 

[25] P. H. Kanasassanen, and T. Jaakkola, “Assessment of pollution 
history from recent sediments in Lake Vanajavesi, southern Finland. 
I. Selection of representative profiles, their dating and 
chemostratigraphy,” Ann. Zool. Fennici, 22: 13–55, 1985. 

[26] H. Goosens, “Lipids and their mode of occurrence in bacteria and 
sediments – II. Lipids in the sediment of a stratified, freshwater lake,” 
Org. Geochem., vol. 14, no. 1, pp. 27–41, 1989. 

[27] S. F. Thornton, and J. McManus, “Application of Organic Carbon 
and Nitrogen Stable Isotope and C/N Ratios as Source Indicators of 
Organic Matter Provenance in Estuarine Systems: Evidence from the 
Tay Estuary, Scotland,” Estuarine, Coastal and Shelf Science, 38, 
pp. 219–233, 1994. 

[28] P. A. Meyers, M. J. Leenheer, B. J. Eadie, and S. J. Maule, “Organic 
geochemistry of suspended and settling particulate matter in Lake 
Michigan. Geochimica et.,” Cosmochimica Acta, 48, pp. 443–452, 
1984. 

[29] L. O. Hedin, M. S. Mayer, and G. E. Likens, ‘The effect of 
deforestation on organic debris dams.” Verhandlungen der 
Internationale Vereinigung für Theoretische und Angewandte 
Limnologie, 23, pp. 1135–1141, 1988. 
 



INTERNATIONAL JOURNAL OF GEOLOGY  Issue 3, Volume 5, 2011 

92 
 

[30] J. W. Hornbeck, C. W. Martin,  R. S. Pierce,  F. H. Bormann,  and G. 
E. Likens, “Clear cutting Northern Hardwoods Effects on Hydrologic 
and Nutrient Ion Budgets,” Forest Sci., vol. 32, no. 3, pp. 667–686, 
1986. 

[31] S. U. Kumar, N. Jacob, S.V. Navada, S.M. Rao, R. P. Nachiappan, 
B. Kumar, and J.S.R. Murthy, “Environmental isotope study on 
hydrodynamics of Lake Naini, Uttar Pradesh, India,” Hydrol 
Process, 15, pp. 425–439, 2001.  

[32] M. Brenner, T. J. Whitmore, J. H. Curtis, D. A.  Hodell, and C. L. 
Schelske, “Stable isotope (δ13C and δ15N) signatures of sedimented 
organic matter as indicators of historic lake trophic state,” J 
Paleolimnol, 22, pp. 205–221, 1999.  

[33] J. M. Punning, and K. Tougu, “C/N ratio and fossil pigments of some 
Estonian Lakes: an evidence of human impact and Holocene 
environmental change,” Environ Monit Assess, 64, pp. 549–567, 
2000.  

[34] P. Vreca, and  G. Muri, “Changes in accumulation of organic matter 
and stable carbon and nitrogen isotopes in sediments of two 
Slovenian mountain lakes (Lake Ledvica and Lake Planina) induced 
by eutrophication changes,” Limnol Oceanogr, 51, pp. 781–790, 
2006. 

[35] W. Jinglu, H. Chengmin, Z. Haiao, G.H. Schleser, and R. Battarbee, 
“Sedimentary evidence for recent eutrophication in the northern basin 
of Lake Taihu, China: human impacts on a large shallow lake,” J 
Paleolimnol, 38, pp. 13–23, 2007.  

[36] D. A. Hodell, and C. L. Schelske, “Production, sedimentation and 
isotopic composition of organic matter in Lake Ontario,” Limnol 
Oceanogr, 43, pp. 200–214, 1998. 

[37] H. R. Harvey, J. H. J. Tuttle, and T. Bell, “Kinetics of phytoplankton 
decay during simulated sedimentation: changes in biochemical 
composition and microbial activity under oxic and anoxic 
conditions,” Geochim Cosmochim Acta, 59, pp. 3367–3377, 1995. 

[38] J. I. Hedges, F. S. Hu, A. H. Devol, E. Hartnett, E. Tsamakis, and 
R.G. Keil, “Sedimentary organic matter preservation: a test for 
selective degradation under oxic conditions,” Am J Sci, 299, pp. 
529–555, 1999. 

[39] P. A. Meyers, “Applications of organic geochemistry of 
paleolimnological reconstructions: a summary of examples from the 
Laurentian Great Lakes,” Org Geochem, 34, pp. 261–289, 2003. 

[40] M. R. Talbot, “Nitrogen isotopes in paleolimnology. In: Last WM, 
Smol JP (eds) Tracking environmental changes using lake sediments. 
Physical and geochemical methods, vol 2. Kluwer Academic 
Publishers, Dordrecht, pp. 401–439, 2001. 

 


