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Abstract
The Himalayan lakes are facing an acute problem of survival due to increased concentration of toxic elements in water 
and sediments. In the present study, the heavy metal contamination history of Renuka Lake during the calendar year (ca) 
1839–2003 AD has been performed using 137Cs and 210Pb radionuclide-dated core sediment sample and Inductively-Coupled 
Plasma Mass Spectrometry (ICP-MS). The concentration of heavy metals (Mn, Cr, Cu, Zn, Ni, Pb and Co) during the said 
time period is found to have significant variations and suggested a contribution of both natural and anthropogenic factors 
like surrounding rocks, burning of fossil fuels, sewage and agro-chemicals. The highest concentration of Mn is observed 
during ca 1847, which is 4–5 times more than ca 2003. The Cr is found to be highest during ca 1962; whereas Cu, Zn, Ni 
and Pb are observed highest during 1883. Similarly, Co is determined highest during ca 1939. The contamination factor 
(Cf) indicated low to the considerable level of contamination, whereas the degree of contamination (Cd) revealed a low level 
of contamination in the lake. However, the geo-accumulation index (Igeo) marked the lake uncontaminated to moderately 
contaminated and on the other hand, the pollution load index (PLI) showed some signs of contamination in the Renuka 
Lake. The present study has been compared with other lakes and the background concentration of average shale, upper crust, 
crustal average and carbonate rocks. Although, keeping in view historical contamination, there is a need of stringent steps 
for the preservation of the Renuka Lake.

Keywords Background concentration · Contamination history · Core sediment sample · Heavy metals analysis · 
Radionuclide dating technique

Introduction

The millions of people all over the world are facing an acute 
shortage of fresh water for their domestic needs, due to the 
degradation of water quality (Pius et al. 2012; Gaury et al. 
2018). Because, the rivers and lakes which store most of 
surface fresh water are degraded. Particularly, the contami-
nation of lakes by toxic heavy metals has become a very 

serious global problem (Ali et al. 2016; Meena et al. 2017). 
Metals like Fe, Mn, Mo and Zn are essential for the human 
body, but when reaching more than a specific limit, they 
become toxic and cause serious health impairments (Mac-
kay 2001; BIS 2012; Febriana et al. 2012; Bost et al. 2016). 
However, metals like Cd, Pb, As and Hg are non-essential 
for aquatic and non-aquatic lives, and even a small amount 
of these metals can be harmful to organisms (Kumar and 
Kumar 2019). Metals enter into the lakes through natural 
and anthropogenic point and non-point sources like sur-
rounding rocks, soil, atmospheric deposition, industrial 
effluent, sewage and vehicular emission, through transport-
ing agents like water, wind and animals (Rice et al. 2002; Xu 
et al. 2009; Nadaska et al. 2010; Koilakos 2017). They are 
adsorbed and enriched in sediments over time as the water 
of the lake escapes by evapotranspiration, but the metals 
remain in the system and thus increase in concentration. The 
toxic metals continuously release from sediment in the water 
column for a long time period under different environmental 
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conditions and during seasonal mixing and mobility, and 
thereafter reach to the flora and fauna through direct uptake 
of drinking water and food chain (Salomons 1998; Khadka 
and Ramanathan 2013; Singh et al. 2005).

Therefore, it is essential to determine heavy metal load-
ing in the lakes, rivers and other reservoirs to understand the 
level and the factors responsible for it. The Himalayan lakes 
have been monitored with different perspectives in past (Das 
and Kaur 2001; Das et al. 2008; Ding et al. 2016; Sarkar 
et al. 2016; Meena et al. 2017; Gaury et al. 2018; Kumar 
et al. 2019a), but very few studies reported contamination 
history of the lakes (Wang et al. 2010; Zeng et al. 2014; 
Meena et al. 2017). Since the recent past, Renuka Lake has 
been a center of anthropogenic activities due to its religious 
and cultural importance in the region. The waste materials 
left by tourists, a cultural fair, dumping of worshipping and 
fish feeding material in the lake, excess catchment erosion 
after civil development, etc., have led to a rapid change in 
the natural scenario of this lake. The anthropogenic activities 
have increased limiting nutrients that resulted in degradation 
of water quality and turned the Renuka Lake hyper-eutrophic 
in status (Kumar et al. 2019b). The rare earth elements in the 
lake are suggested to be the product of moderate weathering 
of surrounding rocks (Das et al. 2008). The seasonal change 
in the major ion chemistry of the lake is revealed by Kumar 
et al. (2019a). However, the mobilization and enrichment of 
the metals depend on the seasonal variations of lake water 
chemistry, organic matter and carbonate saturation in sedi-
ments. Heavy metal enrichment generally found to be higher 
during summer as compared to winter, due to higher surface 
water evaporation rate (Padma and Periakali 1999; Zhao 
et al. 2014; Smily and Sumithra 2017). The organic matter 
in the lake is derived from the terrestrial and planktonic 
source. The organic matter is mainly composed of humus, 
which is an oxygen-containing functional group and having 
a large surface area with a high cation exchange capacity that 
bound metal with it (Wu et al. 2009). Thus, metal partaking 
in complication reactions remains in solution or associated 
with plankton and settles to the lake floor. The main sources 
of calcium carbonate for the lakes are the calcite and arago-
nite minerals, and the sediments with higher  CaCO3 content 
are alkaline in nature that associate the metal in the form of 
metal carbonates and metal oxides. However, the presence 
of the carbonic acid  (H2CO3) dissolves the metal oxide and 
metal carbonate from the solution (Aziz et al. 2008).

The present study has three major objectives, the heavy 
metal contamination history of Renuka Lake during the 
calendar year ca 1839–2003 AD, to assess natural and 
anthropogenic loading of heavy metal and the effect of car-
bonate saturation on the metal fractionation using core sedi-
ment sample retrieved from the central part of the Renuka 
Lake and analyzed using 210Pb and 137Cs radionuclide 

dating technique. The present study will be helpful to know 
the heavy metal contamination history for preservation of 
the Renuka Lake (Wang et al. 2010; Oliveira et al. 2012).

Materials and methods

Study site and geological setting

The Renuka Lake is a freshwater lake and located (620 m 
asl, 30°36′36″N, 77°27′30″E) in the Sirmaur District of 
Himachal Pradesh, India (Fig. 1). Physiographically, the lake 
is lying between the Lesser Himalayan sedimentary rocks 
comprising dolomitic limestone, slate, quartzite, calcareous, 
carbonate, siltstone, shale, sericite, etc. (Das et al. 2008). 
The catchment area of the lake is 254.3 ha, length 1706.7 m, 
width 204 m and depth 13.7 m with annual rainfall around 
150–199.9 cm per annum (Das and Kaur 2001). The mon-
soon rain and underground water seepage are the main 
sources of lake water. This lake also feeds the Parshuram Tal 
located in the lower region. Owing to the tourist attraction 
and ecological significances, the Renuka Lake is declared as 
a Ramsar site since ca 2005.

Field work, laboratory procedure and data analysis

Sampling

To observe the contamination history of the Renuka Lake, a 
2-m-long core from the central part of the lake was retrieved 
using a piston corer. The core was vertically bisected into 
U-shaped two channels and among them, one part was kept 
safe for future study and another part was again bisected for 
dating and heavy metal analysis. The bisected part of the 
core for heavy metal analysis was sliced into 20 sub-samples. 
These samples were kept dry at room temperature, and there-
after grinded using agate mortar, which was cleaned before 
grinding each sample with acetone to avoid contamination. A 
litholog has been prepared in order to understand the textural 
changes that occurred in the Renuka Lake sediments (Fig. 2).

ICP‑MS analysis

The next step was the digestion of the homogenized sedi-
ment samples. A 100-mg sediment sample was taken in 
a Teflon crucible and digested with 10 ml of HF–HNO3 
mixture (2:1). The content was kept for complete digestion 
on a hot plate, and thereafter treated with 2 ml of  HClO4. 
Then, 10 ml of 20%  HNO3 was added to the digested sam-
ple and total volume of the sample was made 100 ml by 
adding Milli Q water as proposed by Khanna et al. (2009) 
and Meena et al. (2017). The same procedure was followed 
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for all the remaining samples. The samples were analyzed 
by PerkinElmer SCIEX quadrupole Inductively-Coupled 
Plasma Mass Spectrometry (ICP-MS) ELAN DRC in 
the central laboratory of Wadia Institute of Himalayan 

Geology (WIHG), Dehradun, India. The SO-1 USGS and 
MAG-1 standards were used for calibrating the instru-
ments before the sample analysis (Meena et al. 2017).

Fig. 1  Location of core sediments sample in the Renuka Lake of Lesser Himalaya, Himachal Pradesh, India
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210Pb and 137Cs radionuclide dating 
technique

The age of the core sediment sample was determined 
using 210Pb and 137Cs radionuclide dating technique at the 
Physical Research Laboratory, Navrangpura, Ahmedabad, 
India. The radionuclide 210Pb is having a half-life period 
of 22.26 years and was first inferred by Goldberg (1963). 
It is still most commonly used to estimate the age of the 
sediments up to a time period of 150–200 years on the 
basis of unsupported 210Pb. It is a natural decay product 
of Uranium series radionuclide present in the soil and con-
sidered as supported 210Pb. Instead, the 222Rn in the series 
decays to 210Pb in the atmosphere, which falls at the earth 
surface with rain, dust, etc., and known as unsupported 
210Pb. That form of 210Pb on reaching the lake water set-
tles down at the bottom and further decays with time. The 

lake sediments also contain 238U coming from weathering 
of the surrounding rocks; also decays to 210Pb. The level 
of 210Pb is estimated by subtracting activities of 226Ra and 
total 210Pb (Somayajulu et al. 1999). The 137Cs radionu-
clide is having a half-life period of 30 years and its maxi-
mum fallout was occurred during ca 1963 AD, owing to 
nuclear weapon testing (Robbins and Edgington 1975; 
Chillrud et al. 1999). 137Cs is an artificial radionuclide and 
its maximum value in the samples, thus, indicates the time 
period of ca 1963 AD; therefore, the depth of that sample 
since the time period of ca 1963 AD is divided into years, 
which, thus, is the age of the sediment deposition in the 
lake. The core sample retrieved from the Renuka Lake was 
sliced in different sub-samples. From each sample, 3–5 g 
was dried, and thereafter finely powdered and sealed in 
plastic vials. Those samples were then kept undisturbed 
for 20 days so as to establish 226Ra and 222Rn radioac-
tive equilibrium (Sarkar et al. 2016). The samples were 
analyzed using Canberra HPGe well detector to know the 
gamma activity of 226Ra, 137Cs and 210Pb.

Statistical analysis

Contamination factor and degree of contamination

The contamination factor (Cf) and the degree of contami-
nation (Cd) were calculated to understand the heavy metals 
contamination level of the Renuka Lake using the formula 
as given by Hakanson (1980):

where  Mes represents the metal concentration in the sedi-
ments.  Meav is the metal concentration of pure/uncontami-
nated sediments.

The average shale concentration proposed by Turekian 
and Wedepohl (1961) was used as a reference for the pure 
sediments. The contamination factor is divided into four 
classes (Nasr et al. 2006) as given in Table 1.

On the other hand, the degree of contamination was cal-
culated from the contamination factor using below given 
formula:

Cd =

7
∑

i=1

Cif

Fig. 2  Litholog representing textural changes in the  Renuka Lake 
during ca 1839–2003 AD

Table 1  Different categories of contamination factor (Cf)

Sr. no. Cf categories Contamination level

1 Cf < 1 Low contamination
2 1 ≤  Cf < 3 Moderate contamination
3 3 ≤  Cf < 6 Considerable contamination
4 Cf ≥ 6 Very high contamination
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The degree of contamination is divided into four classes 
(Leopold et al. 2012) as given in Table 2.

Geo‑accumulation (Igeo) and pollution load index (PLI)

The heavy metals contamination in the core sample of 
Renuka Lake was known using Geo-accumulation index 
(Igeo) as proposed by Muller (1969). This index compares 
the observed metal concentration with the pre-industrial 
level and was calculated using the formula (Turekian and 
Wedepohl (1961) as:

where Cn is the concentration of a particular observed metal. 
Bn is the background concentration of the metals.

The factor ‘1.5’ is used to avoid the disparity of the 
background data as a result of the lithological differences.

The Igeo is to be divided into different categories as 
shown in Table 3.

The pollution load index (PLI) for Renuka Lake has 
been calculated using the formula given by Tomlinson 
et al. (1980). This index is based on contamination fac-
tors equal to the observed metal concentration to the back-
ground level of contamination (Turekian and Wedepohl 
1961). All of the contamination factors (Cf) as obtained 
from seven metals (Mn, Cr, Cu, Zn, Ni, Pb and Co) were 
multiplied with each other and then their seventh root was 
calculated to get PLI as: 

Igeo =
[

log2 Cn∕1.5 × Bn

]

PLI = n
√�

Cf1 × Cf2 × Cf3 × Cf4 …Cfn

�

,

 where n is the number of metals and Cf is the contamina-
tion factor.

The value of PLI < 1 indicates perfection, PLI = 1 sug-
gests a baseline level of contamination and PLI > 1 indicates 
the progressive deterioration in the lake (Manoj and Padhy 
2014).

Results and discussion

Chronology

The chronology for the top 124-cm sediments from Renuka 
Lake is assigned on the basis of 210Pb and 137Cs radionu-
clides isotopes. On the basis of 210Pb excess values, the 
Renuka Lake showed two different sedimentation rates. 
The top part (0–19 cm) indicated 0.51 cm/year; followed 
by 0.78 cm/year in between 19- and 37-cm depth with aver-
age sedimentation rate of 0.64 cm/year. Based on 210Pb, the 
sedimentation rate of the top part from 0 to 19 cm revealed 
the time period from ca 2011 to 1974 AD and from 19 to 
37 cm indicated as ca 1974–1950 AD.

The 210Pb activity was not detected below 37-cm depth. 
However, relatively well-resolved peaks of 137Cs activity 
in the profiles provided independent support for the pre-
sent age-depth model. The 137Cs isotope showed the high-
est value at 37.5 cm, which corresponded to ca 1963 AD 
and correlated well with the maximum 137Cs fallout due to 

Table 2  Different categories of degree of contamination (Cd)

Sr. no. Cd categories Degree of contamination

1 Cd < 7 Low contamination
2 7 ≤  Cd < 14 Moderate contamination
3 14 ≤  Cd < 28 Considerable contamination
4 Cd ≥ 28 Very high contamination

Table 3  Different categories of geo-accumulation index (Igeo)

Igeo Class Category

< 0 0 Practically uncontaminated
0–1 1 Uncontaminated to moderately contaminated
1–2 2 Moderately contaminated
2–3 3 Moderate to strongly contaminated
3–4 4 Strongly contaminated
4–5 5 Strong to extremely contaminated
> 5 6 Extremely contaminated

Table 4  The constant rate of 
supply model indicating age of 
sediments samples at various 
depths of the Renuka Lake

Sr. no Depth (cm) Age (AD)

1 4 2003
2 10 1991
3 18 1975
4 28 1962
5 40 1947
6 46 1939
7 54 1929
8 64 1916
9 72 1906
10 78 1898
11 84 1890
12 90 1883
13 94 1878
14 96 1875
15 102 1867
16 106 1862
17 112 1854
18 118 1847
19 120 1844
20 124 1839
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the nuclear weapon test in the year 1963 AD (Robbins and 
Edgington 1975). Based on the 137Cs activity, the calculated 
sedimentation rate is found to be 0.79 cm/year, which is 
well within the range of 210Pb-based calculated sedimenta-
tion rate (0.64 cm/year). The constant rate of supply (CRS) 
model as was used to determine the age of the samples at 
various depths is given in Table 4. The Fig. 2 shows the 
variation in the lithology of the Renuka Lake sediments 
and suggests that from 124 to 74 cm, the sediments are of 
very coarse silt sized; followed by the very fine sand up to 
58-cm depth. Thereafter, from 58 to 44 cm, the grain size 
slightly decreased to very coarse silt. The top part of the core 
between 44 and 2 cm is characterized as coarse silt, whereas 
the topmost surface consisted of medium sized silt.

Temporal heavy metal loading

The concentration of heavy metals in the Renuka Lake core 
sediments during ca 1839–2003 AD is shown in Table 5. 
The group of metals (Pb, Cr, Co, Cu, Zn and Ni) except Mn 
shows a similar trend from ca 1839 to 2003 AD with differ-
ent amplitude (Fig. 3).

Lead (Pb)

The Pb is a most abundant transition metal found in mineral-
ised forms like galena and anglesite, and at trace amount in 
K-feldspar, plagioclase, mica, zircon and magnetite (Green-
wood and Earnshaw 1984). The sedimentary enrichment of 

Pb is mainly controlled by the primary detrital minerals like 
feldspar, mica, sulfides and organic matter (Heinrichs et al. 
1980). In the sediment core of the Renuka Lake, the high-
est concentration of Pb (33 µg/g) has been recorded during 
the year 1839, 1844 and 1939 AD that slightly decreased to 
27 µg/g during ca 1883 AD and found to be lowest (25 µg/g) 
during ca 1862 AD. The detrital quaternary sediments (con-
taining K-feldspar, plagioclase and carbonate minerals), 
shale and lake-based sulfide minerals are the potential source 
of natural Pb in the Renuka Lake. The man-made sources of 
Pb include surrounding vehicular emission, acid batteries, 
paints, sewage and leaded petrol. The Pb in the lake sedi-
ments is bounded with organic matter,  CaCO3 and sulfide 
minerals, and therefore remains less mobile. The decreas-
ing trend of the Pb in the Renuka Lake during post-1900 
AD seems to be due to decreased natural and anthropogenic 
inputs to the lake after the construction of the first protection 
wall and other preventive actions. The higher concentration 
of the Pb (350 μg/l) in the Renuka Lake water (Singh and 
Sharma 2012) as compared to its permissible limit (10 μg/l) 
and crustal average 125 µg/g (Taylor and Mclennan 1985; 
Table 7) seems to be enriched from the sediments over the 
time. It is one of the most toxic metals that can cause health 
impairment among human beings if remains high in Renuka 
Lake sediments (Meena et al. 2017).

Table 5  Heavy metals 
concentration (µg/g) during ca 
1839–2003 AD in the Renuka 
Lake, Himachal Pradesh, India

Age (AD) Mn Cr Cu Zn Ni Pb Co

2003 774.46 27 20 61 19 23 30
1991 929.35 33 24 71 21 23 21
1975 774.46 35 21 62 23 23 45
1962 774.46 11 11 48 14 21 17
1947 774.46 21 15 53 17 22 12
1939 619.57 62 29 78 24 24 51
1929 1006.8 8 12 46 13 21 9
1916 851.91 35 30 71 22 23 15
1906 1006.8 6 11 49 13 21 8
1898 929.35 8 13 44 12 21 7
1890 1316.6 42 31 88 25 25 36
1883 929.35 59 40 127 33 27 23
1878 1006.8 23 14 52 17 22 10
1875 1394.0 8 12 43 11 21 9
1867 1936.1 17 20 80 19 23 14
1862 851.91 42 35 85 25 25 38
1854 1548.9 5 12 52 11 21 8
1847 3562.5 11 21 59 15 22 12
1844 2168.5 19 24 75 21 24 22
1839 2788.1 17 23 81 21 24 18
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Fig. 3  Variations of heavy met-
als concentration in the Renuka 
Lake during ca 1839–2003 AD
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Chromium (Cr)

The Cr is a highly toxic metal that occurs in hexavalent 
 (Cr6+) and trivalent  (Cr3+) states in the water bodies, in 
which the hexavalent form of Cr is more toxic. The high 
stability and oxidizing capability make this metal highly 
toxic (Khan et al. 2013). The Renuka Lake sediments core 
exhibits the highest concentration of Cr during ca 1939 AD 
(62 µg/g), that decreased to 59 µg/g during ca 1883 AD 
and 42 µg/g between ca 1862 and 1890 AD. Overall, the Cr 
revealed an increasing trend in the last 164 years of contami-
nation history. The quartzite and chlorite minerals are poten-
tial sources of Cr in Renuka Lake as these rocks are rich of 
Cr and found abundantly in the surroundings of the lake 
(Das et al. 2008; Randive et al. 2015). However, the anthro-
pogenic sources of Cr may include stock farms, industries, 
agro–chemicals, etc. The Cr is a comparatively less mobile 
element in everglade lakes, because iron oxides minerals and 
humic substances bind it in the presence of organic matter 
and deposit at the bottom sediment (Guo et al. 1997). The 
concentration of the Cr in the Renuka Lake (23.63 μg/l) is 
in the range of permissible limit (50 μg/l). Therefore, it is 
suggested that the organic matter and iron-bearing miner-
als controlled the Cr concentration in Renuka Lake water. 
Higher concentration of the Cr during ca 1939 and ca 1883 
AD may be due to higher input of the catchment wash or 
debris flow to the lake. The increasing trend of Cr since the 
last 164 years suggests anthropogenic input due to increased 
activities that slightly decreased during post-1950 due to 
preventive measures by the administration at the lake. The 
increased concentration of Cr may cause carcinogenic effect, 
respiratory problem and skin diseases and also reduce the 
abundance and diversity of benthic organism (EPA 2012; 
Sun et al. 2015).

Cobalt (Co)

The Co is found to be as an accessory element in several 
abundant minerals, i.e., olivine, pyroxene, mica and garnet 
(Ure and Berrow 1982). The highest concentration of Co 
(51 µg/g) was found to be during ca 1939 AD, followed by 
45 µg/g in ca 1975AD, 38 µg/g in 1862 AD and 36 µg/g 
during 1890 AD. However, the Co indicated an increasing 
trend from beginning to the recent (ca 1839–2003 AD). This 
metal is comparatively immobile and shows less solubility 
in water (Das and Haake 2003). However, the acidic and 
reducing conditions can mobile Co at the surface environ-
ment. The low concentration of Co (20 µg/g) in Renuka 
Lake water as compared to the core sediments do suggest 
that the Co is bounding with the organic matter, because at 
decreasing Eh, cobalt prefers to associate with the organic 
matters and sulfide. Higher concentration of the Co during 
ca 1939 and ca 1883 seems to appear due to higher input of 

the catchment wash or debris flow to the lake. The increas-
ing trend of Co in Renuka indicates increased input of Co 
through various anthropogenic activities around the lake 
since the last 164 years. The higher concentration of Co 
may cause heart diseases and decrease the population of 
lake-based fauna and flora.

Copper (Cu)

The Cu is an essential dietary element (0.05 mg/l), but its 
higher concentration (> 1.5 mg/l) may disturb human health 
through cardiovascular diseases, lung cancer, etc. Naturally, 
Cu comes from silicate, carbonate, as well as copper sulfide 
and other evaporate minerals. The trace level of Cu is widely 
present in the minerals like pyroxene, mica and amphibole. 
However, it is found to be more in mafic rocks as compared 
to felsic rocks. The Cu is enriched in fine grain clastic rocks, 
particularly in shale. The anthropogenic activities which 
may generate Cu are the coal burning, atmospheric deposi-
tion, vehicular emission and combustion of lubricants, diesel 
and gasoline (Meena et al. 2017). In Renuka lake, the Cu is 
found to be highest during ca 1883 (40 µg/g), that depleted 
in ca 1862 AD (35 µg/g), ca 1890 AD (31 µg/g), ca 1916 AD 
(30 µg/g) and ca 1939 AD (29 µg/g). The Cu mobiles under 
oxidizing acidic and high anoxic environment; howsoever, 
the copper under such conditions gets bound to sulfides and 
carbonate (Davison 1993). The high carbonate fraction with 
the highly anoxic condition of the Renuka Lake favors the 
enrichment of copper in the sediments. The Cu shows affin-
ity with organic matter that adsorbs and bounds with sedi-
ments (Rashid 1974). The everglade Renuka Lake has the 
ideal condition to bind Cu in the sediments with abundantly 
available organic matter and sulfide minerals. Therefore, the 
concentration of Cu (10 µg/g) in the lake water appeared 
to be much lesser than the sediments; possibly due to high 
organic matter in the Renuka Lake that bounds the Cu with 
sediments. The overall trend of Cu is found to be decreasing 
over the last 164 years that may be due to the reduction of 
catchment input. However, Renuka Lake has a higher con-
centration of Cu than the permissible limit that may cause 
health problems for flora and fauna of the lake.

Zinc (Zn)

The Zn is an essential body nutrient and its deficiency 
(< 0.1 mg/l) may create neuropsychological disorder in 
human beings, but its higher concentration (> 0.5 mg/l) 
causes leucopenia and anemia (Chambers et al. 1999; Khan 
2011). The Zn in Renuka Lake is increased during ca 1883 
AD (127 µg/g) and decreased during ca 1890 AD (88 µg/g), 
followed by 1862 (85 µg/g), 1839 (81 µg/g) and 1867 AD 
(80 µg/g). The surrounding rocks and the anthropogenic 
activities (metal plating and related works) are the major 
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source of Zn in the lake and its concentration not increased 
significantly during the last hundred years, probably due to 
less use of Zn in the region. The mobility of zinc depends on 
the availability of the binding material in the aquatic envi-
ronment and with higher carbonate concentration the zinc 
gets bind with carbonate and precipitates as zinc carbon-
ate and zinc hydroxide. The higher carbonate content in the 
Renuka Lake appears to be a main factor for the enrichment 
of Zn in sediment as zinc carbonate.

Nickel (Ni)

The Ni in the sediment profile of the Renuka Lake has 
shown higher concentration during ca 1883 (33 µg/g), 1862 
(25 µg/g), 1890 (25 µg/g), 1939 (24 µg/g) and 1975 AD 
(23 µg/g), which is probably due to natural and anthropo-
genic activity. Nickel is found to be in the organic and resid-
ual fraction (Panda et al. 1995; Staelens et al. 2000) and its 
adsorption takes place in the ligands formation process and 
in the presence of high organic content (Jacobs et al. 1985). 
The behavior of Ni in anoxic condition shows binding with 
oxides for reduction and release to the water column (Yu 
et al. 2001) in the presence of carbonate (Purushothaman 
and Chakrapani 2012). It is strongly enriched in ultramafic 
and mafic rocks as compared to the felsic igneous rocks. 
The higher concentration of Ni during 1883 AD appears to 
be due to excess catchment wash, whereas its higher value 
during 1975 AD seems to be a result of the metallic waste 
dumping in the lake.

Manganese (Mn)

The Mn indicated significant variations with higher values 
from ca 1839–1875 AD, after that, it decreased and stabi-
lized from ca 1875–2003 AD. The highest concentration of 
Mn noted during ca 1847 AD (3562.5 µg/g) is 4–5 times 
more than ca 2003 AD (774.46 µg/g). The Mn is a transition 
metal that abundantly occurs in the earth crust (Tobiason 
et al. 2016). However, it does not occur in the free state and 
found to be associated with minerals like silicates under oxic 
conditions and with sulfides and carbonates under highly 
anoxic condition (Davison 1993). The shale and dolomite 
minerals contain a higher concentration of Mn (Wedepohl 
1978); thus, dominance of these in the surroundings of the 
Renuka Lake is a potential source of this metal. The con-
centration of Mn is significantly influenced by redox condi-
tion and easily mobilized under the anoxic condition and 
participated in the redox reaction (Hylander et al. 2000). 
The concentration of Mn in Renuka lake water (870 µg/l; 
Singh and Sharma 2012) is higher than the permissible limit 
(300 µg/l; BIS 2012). The anthropogenic sources of Mn may 
include burning of fossil fuels, sewage, mining, etc. The low 
concentration of Mn (100 µg/l) is essential for the proper life 

functioning of a human being, but beyond a specific limit 
(300 µg/l), it is harmful (BIS 2012). It can cause nervous 
system damage, bronchitis and lungs problems. Usually, the 
presence of Mn in the water body persists for a long time and 
if its concentration goes beyond the permissible limit, it may 
disturb aquatic organisms, hinder the growth of the micro-
organism and accumulate in fishes and disturb the proper 
function of their life cycle (Chen et al. 2015).

Contamination factor (Cf), the degree 
of contamination (Cd) and the geo‑accumulation 
index (Igeo)

The geochemical analysis suggests contamination factor 
(Cf) from low, moderate and considerable contamination 
during ca 1839–2003 AD (Fig. 4). Amongst all metals, the 
considerable contamination is shown by Mn during 1839 
(3.28) and 1847 AD (4.19), whereas moderate contamina-
tion by Mn, Pb and Co is revealed during ca 1844 (2.55), 
1854–1929 (1.0–2.28) and 1991 AD (1.09); ca 1839–2003 
AD (0.45–1.34); and ca 1844 (1.16), 1862 (2.0), 1883 (1.21), 
1890 (1.89), 1939 (2.68) and 1975–2003 AD (2.37–1.58), 
respectively. The moderate contamination by Zn is shown 
during ca 1883 AD (1.34). However, Co and Zn during the 
rest of the time periods exhibit low contamination in the 
range of 0.37–0.95 and 0.45–0.93, respectively. Besides, Cu, 
Ni and Zn are found to indicate low contamination (i.e., 0–1) 
during ca 1839–2003 AD. On the other hand, the degree of 
contamination (Cd) for all the metals is noticed below 7, 
which indicates low level of contamination in the Renuka 
Lake during ca 1839–2003 AD. The geo-accumulation index 
(Igeo) during ca 1839–2003 AD for different metals like Mn, 
Cr, Cu, Zn, Ni, Pb and Co is found to be in the range of 
0–1. This indicates that the lake has been uncontaminated to 
moderately contaminated during the said time period.

Pollution load index (PLI) and the person’s 
correlation coefficient

The PLI in Renuka Lake is noticed in the range of 0.36–0.95, 
which is highest during ca 1883 (0.95); followed by 1890 
(0.87), 1939 (0.843) and 1862 AD (0.842), whereas the 
lowest value of PLI is found to be during 1906 AD (0.36). 
Therefore, the PLI value < 1 indicates perfection in the lake 
during ca 1839–2003 AD. According to Pearson’s correla-
tion coefficient, the strong positive correlation at the Renuka 
Lake is found to be among Cr–Cu, Ni, Pb; Cu–Zn, Ni, Pb; 
Zn–Ni, Pb and Ni–Pb, while the moderate positive corre-
lation is observed between Cr–Zn and Co–Cr, Cu, Ni, Pb 
(Table 6). The concentration of heavy metals is also com-
pared with the background level of the upper crust and crus-
tal rocks as suggested by Taylor and Mclennan (1985) and 
Turekian and Wedepohl (1961). The average concentration 
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of Mn during ca 1839–2003 AD (619.57–3562.52 µg/g 
(avg. 1297.22 ± 767.86 µg/g)) at Renuka Lake is found to 
be higher than average shale (850 µg/g) and carbonate rocks 
(1100 µg/g).

The average content of Cr [5–62  µg/g (avg. 
24.45 ± 17.12 µg/g)], Cu [11–40 µg/g (avg. 20.9 ± 8.64 µg/g)] 
and Ni [11–33 µg/g (avg. 18.8 ± 5.75 µg/g)] during the 
said time period is found to be more than the rocks of the 
upper crust and carbonate rocks. The Pb [21–27 µg/g (avg. 
22.8 ± 1.75 µg/g)] in the sediment profile of the Renuka 
Lake is observed more as compared to the background 
concentration of the average shale, carbonate rocks and 
upper crust. On the other hand, the concentration of Co 
[7–51 µg/g (avg. 20.25 ± 13.14 µg/g)] and Zn [43–127 µg/g 
(avg. 66.25 ± 20.44 µg/g)] is determined higher than the 
background concentration of these metals found to be in the 

carbonate rocks, average shale, upper crust and crustal aver-
age. However, due to excess of carbonate weathering in the 
surrounding of the Renuka Lake, the average metal concen-
tration in the core sediment is noticed much higher than the 
background values of carbonate rocks.

Comparison of the Renuka with other lakes

The metals concentration of the Renuka Lake has also been 
compared with other Himalayan lakes and the lakes situ-
ated at the lower regions of India. The Mn content in the 
Renuka Lake is observed more than the other lakes, whereas 
the concentration of Cr is found to be more than the Var-
tur, Rewalsar, Nainital and Naukuchiatal Lake (Jumbe and 
Nandini 2009; Meena et al. 2017, etc.). The Zn in the lake is 
noticed to be more than the Nainital, Bhimtal, Jannapura and 

Fig. 4  Contamination level dur-
ing ca 1839–2003 AD in the 
Renuka Lake

Table 6  Pearson’s correlation 
coefficient among heavy metals 
in the core sediments of the 
Renuka Lake

*Correlation is significant at the 0.05 level (two-tailed)
**Correlation is significant at the 0.01 level (two-tailed)

Mn Cr Cu Zn Ni Pb Co

Mn 1
Cr − 0.370 1
Cu − 0.019 0.863* 1
Zn 0.063 0.769* 0.913* 1
Ni − 0.144 0.904* 0.936* 0.924* 1
Pb 0.006 0.832* 0.945* 0.962* 0.965* 1
Co − 0.279 0.791* 0.627* 0.483* 0.687* 0.627* 1
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Rewalsar Lake, but having less concentration as compared 
to the rest of lakes. The concentration of Ni in Renuka Lake 
is found to be more than Kolleru Lake, but less than Chilka, 
Rewalsar, Nainital Lake, etc.; whereas Pb in the Renuka Lake 
is noticed more than the Rewalsar, Nainital, Kolleru and Jan-
napura, but less than Chilka, Bhimtal, Vartur, Naukuchiatal 
and Akkulam-Veli Lake. On the other hand, the concentra-
tion of Co in the Renuka Lake is observed less than Vartur 
and Naukuchiatal Lake, but more than other lakes (Table 7).

Conclusions

The present study provides the heavy metals (Pb, Cr, Co, 
Cu, Zn, Ni, Mn) contamination history of the Renuka Lake 
for the last 164 years (ca 1839–2003 AD), based on 210Pb 
and 137Cs radionuclide-dated sediments core. The met-
als enrichment in the lake is associated with the domi-
nance of natural factor, but the significant contribution is 
also made by anthropogenic input in the recent past. The 
enrichment of metals is controlled by detrital quaternary 
sediments, carbonate lithology, lake-based sulfide miner-
als and organic matter. The detrital quaternary sediments 
(containing K-feldspar, plagioclase and carbonate miner-
als), shale and lake-based sulfide minerals are the potential 
source of Pb in the Renuka Lake. The man-made sources 
of Pb include surrounding vehicular emission, acid bat-
teries, paints, sewage and leaded petrol. The Pb in the 
lake sediments bounds with organic matter,  CaCO3, sulfide 
minerals, and therefore remains less mobile. The decreas-
ing trend of the Pb in Renuka Lake during the post-1900 
AD might be due to decreased natural and anthropogenic 
input to the lake after the preventive actions. Overall, the 

Cr shows an increasing trend during the last 164 years of 
contamination history. The quartzite and chlorite minerals 
are a potential source of Cr in Renuka Lake as these miner-
als are rich of Cr and found abundantly in the surroundings 
of the Renuka Lake. The organic matter and iron-bearing 
minerals bonded the Cr in the Renuka Lake. Higher con-
centration of the Cr during ca 1939 and ca 1883 appears 
to be due to higher input of the catchment wash or debris 
flow to the lake. The increasing trend of the Cr since the 
last 164 years suggests increased anthropogenic input that 
slightly decreased during the post-1950 due to preven-
tive measures. The low concentration of Co (20 µg/g) in 
Renuka Lake water, rather than its core sediments suggests 
that the Co is bounding with the organic matter, because at 
decreasing Eh, cobalt prefers to associate with the organic 
matters and sulfide. Higher concentration of the Co during 
1939 and 1883 AD seems to appear due to higher input 
of the catchment wash or debris flow to the lake and the 
anthropogenic activities also increased the Co concentra-
tion during the last 164 years. The concentration of Cu 
(10 µg/g) in the lake water appeared to be much lesser than 
the sediments; possibly due to high organic matter in ever-
glade nature of the Renuka Lake that bounds Cu with sedi-
ments. The overall trend of Cu is found to be decreasing 
over the last 164 years that may be due to decreased catch-
ment input. However, the Renuka Lake possesses higher 
Cu concentration than the permissible limit that may cause 
health problem for flora and fauna of the lake. The sur-
rounding rocks and the anthropogenic activities (metal 
plating and related works) are the primary source of Zn in 
the lake and its concentration not increased significantly 
during the last hundred years, probably due to less use 
of Zn in the region. The higher carbonate content in the 

Table 7  Comparison of heavy metals contents (µg/g) in the Renuka Lake with background level and other lakes of the Himalaya and situated in 
lower regions of India

Sr. no Name of lake Mn Cr Cu Zn Ni Pb Co References

1 Upper crust – 35 25 71 20 20 10 Taylor and Mclennan (1985)
2 Crustal average – 100 55 70 75 125 25
3 Average shale 850 90 45 95 68 20 19 Turekian and Wedepohl 

(1961)4 Carbonate rocks 1100 11 4 20 20 9 0.1
5 Naukuchiatal – 12–47 80–120 66–159 26–51 48–73 41–87 Purushothaman and Chakra-

pani (2012)6 Bhimtal – 47–71 36–60 42–73 26–42 45–178 13–20
7 Nainital – 11–59 18–40 31–105 30–64 6–21 7–33
8 Rewalsar 637.41 25.82 43.59 103.91 35.92 24.32 13.80 Meena et al. (2017)
9 Chilka – 4–74 10–101 21–63 52–143 28–59 – Yu et al. (2001)
10 Kolleru – 40–66 205–572 356–67 0.18–2.2 2.54–5.6 2–4.4 Sekhar et al. (2004)
11 Jannapura – – 89.75 0.034 40.05 0.0189 8.0 Puttaiah and Kiran (2007)
12 Akkulam-Veli 28.4–173.9 43.5–64.5 11.7–47.8 63.9–161.9 30–43.8 6–57.1 – Sheela et al. (2012)
13 Vartur 112–167 0–21.37 130.5–134 25.7–220.2 16.2–68 4.43–88.5 11.7–69.4 Jumbe and Nandini (2009)
14 Renuka 619.57–3562.52 5–62 11–40 43–127 11–33 21–27 7–51 Present study
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Renuka Lake seems to be a major factor of Zn enrichment 
in sediments in the form of zinc carbonate. The higher 
concentration of Ni during 1883 AD appears to be a result 
of excess catchment wash; whereas, higher values during 
1975 AD seem to be the result of metallic waste dump-
ing in the lake. The shale and dolomite contain a higher 
concentration of the Mn and the dominance of these in 
the surroundings of the Renuka Lake is a potential source 
of this metal. The concentration of Mn is significantly 
influenced by redox condition and easily mobilized under 
the anoxic condition and instead participated in the redox 
reaction. The anthropogenic sources of Mn may include 
burning of fossil fuels and sewage.

The contamination factor (Cf) has indicated low to the 
considerable level of contamination, whereas the degree 
of contamination (Cd) revealed a low level of contamina-
tion in the Renuka Lake. However, the geo-accumulation 
index (Igeo) marked the lake uncontaminated to moderately 
contaminated and on the other hand, the pollution load 
index (PLI) has shown some signs of contamination in 
the Renuka Lake.

Most of the metals are having strong and moderate 
positive correlations, which suggest their similar sources, 
probably due to weathering of the surrounding rocks and 
anthropogenic activities around the Renuka Lake. The 
heavy metal contents of Renuka Lake also varied from 
other Himalayan lakes and those situated in the lower 
regions of this country. The Mn and Cr show higher con-
centration as compared to average shale, crustal aver-
age and other lakes. The local lithology and lake-based 
anthropogenic activities dominate the metal loading in the 
Renuka Lake. However, the lake requires further detail 
study to understand the degradation by various sources.
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