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School of Environmental Sciences celebrated the Earth Day on 22nd April, 2015. Mr. M.C. Mehta (From left),
Dr. K.B. Usha, Prof. P. Sen, Mr.Vijay Jardhari and Prof. S. Mukherjee present on the dais of Arts and Aesthetics
Auditorium during the opening ceremony.

Mr. M.C. Mehta delivering speech on the topic “Effect of urbanization on natural resources in
metropolitan cities and surroundings” on the Earth Day event, 2015.

Mr. Vijay Jardhari explaining his collection of seeds to students.
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Prof. J.M. Dave (from left), Prof. C.K. Varshney and Prof. S. Mukherjee during panel discussion on
“Effect of urbanization on natural resources” on the Earth Day, 2015.

Prof. C.K. Varshney delivering speech on the topic “Ecology and Environment” on the Earth Day, 2015.

Photography exhibition on environment by the School of Environmental Sciences students
on the Earth Day, 2015.
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Introduction
Mangroves are the most productive coastal ecosystem in the world and provide a unique ecological environment
for diverse microbial communities. These microbial communities are supported by various nutrients among
which silicate is one of the major nutrients for estuarine and coastal ecosystem which can significantly affect
planktonic microbial communities e.g. diatoms, radiolarian and silico-flagellate (Srithongouthai et al., 2003; Wu
and Chou, 2003; Natori et al., 2006). These microbial communities largely control carbon, nitrogen, phosphorus
and sulphur dynamics and may contribute to soil and vegetation pattern (Singh G et al., 2005).

Figure 1: Global distribution of mangroves (Source: National Geographic Magazine, 2007)
Biogenic silica is also called as biogenic opal or amorphous opaline silica. The biogenic silica is produced by
vascular plants, diatoms and siliceous sponges. The biogenic silica are widespread and occur commonly by >2%
by grain abundances from soils and terrestrial sediments of all continents except Antarctica (Clarke. 2003).
Wilding et al., 1989 regarded most soils as containing up to 3% biogenic silica and also cited examples where up
to 20% was present. These values mean that biogenic silica comprises a significant part of silica component of
many soils and commonly exceed the abundance of potassium, sodium, calcium, magnesium and phosphate. The
size of silica particles ranges from fine silt to fine sand. They occur in almost all soils and sediments up to the
level of 2-3% but may also present in significant amount i.e. in excess of 5%. The most important factor for the
occurrence of biogenic silica is poor soil drainage and seasonal to permanent water logging. This enhances the
proliferation of silica producing organisms (Clarke. 2003). Biogenic silica most commonly occur in the A
horizon of soils and to a lesser extent in the B horizon. This preferential distribution facilitates identification of
palaeosols in stacked soil sequence.
Sources of biogenic silica
Although Si is a very common element in the biogeosphere, the amount of bioavailable silica in water
ecosystems is limited due to the slow weathering rate of silicate minerals (Lerman 1988, Hartmann et al., 2010).
Until recently, the amount of dissolved Si (DSi) in aquatic systems was thought to be controlled primarily by
geochemical factors, such as weathering rates and climate (Bluth and Kump 1994). Whereas this is true on the
global scale, human activities have also been shown to affect Si availability in coastal waters at the regional
scale. For example, agricultural runoff and fossil fuel combustion have increased exports of N and P relative to
Si to downstream receiving waters, thus altering nutrient ratios in aquatic systems (Carey et al., 2014)
The other major sources of biogenic silica are aquatic organisms primarily diatoms and radiolarians, testate
amoeba, chrysophytes (Nelson et al., 1995). The organisms take up the dissolved silica DSi, Si(OH)₄ or
Si(OH)³⁻ and produce siliceous structure which consists of hydrated amorphous silica (SiO₂ X nH₂O) either as a
separate particle (plant: phytolith) or some form shell or supportive structure (diatom frustules).
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Fig 2: Silica secreting organisms

Fig 3: Diatoms play a key role in the removal
of biogenic silica from surface water

The main source of biogenic silica in sediments is plant phytoliths and diatom shells which are deposited on the
sediments along with the suspended matter at flood tide. Plant phytoliths are also found to be deposited on the
marsh sediments after the decay of vegetation. BSi dissolution occurs in between the tidal flood events when
porewater comes into contact with this sediment containing BSi,causing the increase in the concentration of
porewater DSi in marshes (Struyfet al., 2006). It is difficult to assess the actual abundance of biogenic silica is
difficult and most studies concentrate on one component e.g. phytoliths and do not discuss the other forms. Some
authors (e.g. Brewer, 1955) give actual percentages (Table 1).
Table 1: Abundances of opaline material in selected soils (representative only) (Clarke. 2002)
%
Opal
19
3.2
2.1
24
11
2
43
0.9
4.5
20
100
30-60
48
100

Forms

Setting

Spicules
Phytoliths,
spicules,
diatoms
Phytoliths, diatoms

Flooded forest
Coastal swamps

Spicules,
diatoms
Spicules,
diatoms
Spicules,
diatoms
Phytoliths
Phytoliths
Phytoliths

Phytoliths,

Alluvial plains

Phytoliths,

Alluvial plains

Phytoliths,

Alluvial plains

Phytoliths
Phytoliths
Phytoliths
Phytoliths,
diatoms
Phytoliths,
diatoms

Forested hills

Bamboo forested slope
Forested plains
Swamp

spicules,

Grassland
Basalt flow
Volcanic slopes
Seasonal wetlands

spicules,

Seasonal wetlands
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Locality

Sources

Central Amazonia
Dalmore,
Victoria,
Australia
Mt. Gellibrand, Victoria,
Australia
Duntroon,
ACT,
Australia
DeepCreek,
NSW,
Australia
Doughboy Creek, NSW,
Australia
Reunion Island
Amazonia
Northern
Sydney,
Australia
Oregon, USA
Japan
Magela creek
NT, Australia

Chauvel et al. (1996)
Baker (1959b)

Magela
creek,
Australia

Clark et al. (1992b)

NT,

Baker (1959b)
Brewer (1955)
Brewer (1955)
Brewer (1955)
Meunier et al. (1999)
Kondo and Iwasa (1981)
Hart (1992)
Hart (1992)
Hart (1992)
Hart (1992)
clark et al. (1992b)
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In India, the study of variation of biogenic silica in the surface sediments has been done in Gulf of Kachch, it is
found that the variation in the biogenic silica were due to nutrients of overlying surface water, depositional
environment and distance from supplying channels.(Gautam. 2014).Also the depletion and fluctuation of
dissolved silica are controlled by biological processes. (Ramanathan et al., 1999)
Importance of Biogenic silica in Mangrove Ecosystem.
Organisms present in mangrove ecosystem plays a vital role in both the dissolution (Silverman, 1979) and
deposition (Oehler, 1979) of silica in the soil. Biogenic silica present in aquatic environment is significant in
number of ways. As marshes have a high dissolved silica (DSi) recycling capacity so they plays an important
role in the cycling of silica and also acts as efficient biogenic silica (BSi) traps, thus increasing the concentration
of silica at levels above those in nearby estuarine waters (Hackney et al. 2000). Dissolve silica (DSi) taken up by
marsh plants from the pore water is stored in plant phytoliths as amorphous silicon dioxide It can also plays an
important role in cementation and silicification of soils when opal A get dissolve and reprecipitate as opal CT or
micro-quartz in order to form silcrete or silica hard pans. Also the organisms which form biogenic silica can
have considerable palaeo-environmental significance, which can be used to study past.
Biogenic silica is accumulated during the plant‟s life cycle and only released to the environment after the plant‟s
decay. Silicon uptake can positively influence plant growth and development, providing rigidity to plant
structures and enhancing resistance to abiotic and biotic stresses, such as toxic metal accumulation and herbivory
(Epstein 1994). A more recent work cited in Epstein (1999) shows that silicon-deprived plants are structurally
weaker, have various abnormalities, and are more susceptible to biotic and abiotic stress. The role of Si in cell
walls is similar to that of lignin, but it is energetically cheaper to incorporate Si (Raven 1983).One of the main
functions of biogenic silica in plants is in improving pest resistance, thus under field conditions improved silicon
availability to plants is desirable. In Epstein‟s words, „„the evidence is overwhelming that silicon should be
included among the elements having a major bearing on plant life (Epstein, 1999). Because of its greater
chemical mobility than crystalline silica phases, biogenic opal plays a major role in the cycling of silica in soils
(Alexandre et al., 1997), just as it does in aquatic environments (Konhauser et al., 1992).
Weathering of the lithosphere is the ultimate source of dissolved silica (DSi), and rivers causes the redistribution
of Si on large-scale between continents and the ocean, thereby transporting large quantities of Si of about 6 Tmol
to marine waters each year (Tre´guer and De La Rocha 2013). In fact, rivers supply 80% of Si imported into the
global ocean each year (Tre´guer and De La Rocha 2013). However, the pathway of Si from rocks to rivers to
oceans is not direct, due to the dynamic nature of Si biogeochemistry at the land–sea interface. For example, at
the intersection of terrestrial and marine environments lie tidal wetlands and mangrove ecosystems, which plays
an important role in Si exchange (Struyf et al. 2006; Vieillard et al. 2011). Large quantities of Si are found in
tidal wetlands, including wetland grasses, sediment, and porewater (Struyf et al. 2005b; Carey and Fulweiler
2013a). Like diatoms, wetland grasses and mangrove plants take up dissolved silica (DSi), forming biogenic Si
(BSi) within their tissue. BSi is typically concentrated at transpiration termini of the plant, such as leaves of
grasses (Epstein 1994). BSi can be recycled rapidly as compared to mineral silicates as they are more soluble
than mineral silicates (Conley 1997; Cornelis et al. 2011). Similar to marsh grasses, wetland sediments are also
rich in Si, specifically amorphous Si (ASi), which includes BSi and pedogenic silicates, such as precipitated opal
or Si sorbed to oxide minerals (Sauer et al. 2006; Cornelis et al. 2011).
Wetlands and mangroves not only acts as a large reservoirs of Si, but they are also places of rapid Si
transformation, thereby causes recycling of Si between the various portions of the marsh (Struyf et al. 2005a;
Carey and Fulweiler 2013a). Mangrove forest and tidal wetlands have a great ability to recycle Si from one form
to the other, and thus they have been shown to regulate the fluxes of Si to the adjacent estuary (Struyf et al.
2006; Vieillard et al. 2011). Tidal wetlands (both freshwater and saltwater wetlands) typically serve as sinks of
biogenic silica (BSi) and as sources of dissolved silica (DSi) to adjacent waters (Struyf et al. 2006; Vieillard et
al. 2011). Moreover, these mangroves ecosystem and tidal marshes not only plays a significant role in regulating
both biogenic and dissolved form of silica and magnitude of Si exchange, but they also plays a major role in
maintaining the molar ratios of N:P:Si because they help to determine phytoplankton species composition.
Comparing with silicate, large amounts of anthropogenic nitrogen and phosphorus have been transported into the
estuarine and coastal areas over the past several decades due to anthropogenic activities (Boesch, 2002; Smith,
2006), and thus largely alter nutrient compositions in receiving waters, thereby influencing the occurrence of
eutrophication problems in coastal zones (Braga et al., 2000; Havens et al., 2001; Dai et al., 2007). In summer
and spring, dissolved silica (DSi) in estuarine and coastal waters is taken up by diatom communities, for which it
is an essential nutrient. High anthropogenic inputs of N and P can induce DSi limitation of diatom communities
and subsequent succession to a non-diatom phytoplankton community (Schelske et al. 1983, Lancelot 1995,
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Smayda 1997, Billen et al. 2001). This can negatively influence the structure of coastal food webs, as diatoms
are the most important energetic source in estuarine food chains (Peterson & Howarth 1987, Sullivan &
Moncreiff 1990). Therefore, it is of eco-environmental signiﬁ cance to study the biological silica (BSi) cycling in
estuarine and coastal ecosystems. In general, the tidal marshes constitute major portions of mesotidal and
macrotidal estuaries across the world and have been indicated to be important Si stocks and processors in
estuarine systems.
Since BSi is a comparatively stable structure, it is preserved in soil and sediment to such an extent that it can be
used for paleolimnological (reviewed by Koning et al. 2002) or paleontological studies (Piperno 2006). Mostly
the remains of diatoms (or phytoliths) are isolated from surrounding media and examine microscopically to infer
conditions in the past. Bulk BSi can be used e.g. as a paleoproductivity proxy assuming that diatom represent a
stable part of the phytoplankton community and that the amount of their remains in the sediments is an adequate
indicator of primary production in the past (Mortlock et al., 1991), Koning et al. 2002). Since primary production
and carbon drawdown are interlinked (Treguer and Pondaven 2000), the BSi concentration can also be used to
reconstruct past climatic conditions.
Diatoms require as much silicon (Si) as nitrogen (N) for their growth and survival on molar basis (Redfield et al.
1963) and these diatoms in turn form the basis of some of the most productive food chains as these are preferred
food source for higher trophic organisms and are often more nutritious than other types of phytoplankton
(Irigoien et al. 2002). They also plays a fundamental role in the export of C to higher trophic levels (Cushing
1989) and to the deep sea (Goldman 1993, Buesseler 1998). So abundance of biogenic silica in marine waters
has important implications for marine ecology and global C cycling.
Also on the view of health issue respirable dust containing Si (must with a median aerodynamic diameter of 10
Am and less) is normally regarded as an urban problem, it is also a major health issue in rural areas (Clausnitzer
and Singer, 1996). The lower size limit of freshwater sponge spicules (<5 Am across and some less than 3 Am)
places them within the definition of hazardous mineral fibre (Skinner et al., 1988).
Conclusions
Biogenic opal in soils was first recognized in the 1840s. The potential importance of silica-secreting plants in the
formation of silcretes was suggested in the 1950s.They occur in almost all soils and sediments up to the level of
2-3% but may also present in significant amount i.e. in excess of 5%. They are most commonly found in the A
horizons of the soils on all continents except Antarctica. Biogenic silica are largely producing by microbial
communities like phytoliths, sponges, and diatoms. There is a strong correlation between poorly drained or at
least seasonally water logged conditions, and abundant biogenic opal. Biogenic opal may play an important role
in the cycling of silica in soils and aquatic sediments, in the genesis of the siliceous cements of hardpans, and
silcretes, and may be significant in environmental health. Because phytoliths are commonly perceived to be
concentrated in the A horizon of soils (Oehler, 1979), increases in their abundance within a profile have
sometimes been used as indicators of palaeosols in a succession (Dormaar and Lutwick, 1969).
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Abstract
In order to assess suitability for drinking, domestic and irrigation uses of water from 14 ponds in the holy city
of Varanasi, water samples were collected in February 2012 and analysed for their physico-chemical
parameters. All the water samples fall in the fresh water category (TDS< 1000 mg/l). Cationic and anionic
abundance was found to be in the order of Na+> Ca2+> K+> Mg2+and HCO3-> Cl-> SO42-> NO3->F-,
respectively. Gibbs diagram shows that all samples fall under dominantly rock weathering category. Main
source of major and trace elements were identified as anthropogenic activities and carbonate rock weathering.
In general, the water of most of the ponds of Varanasi city in terms of major ions and trace elements was
found unfit for human consumption with a few exceptions. However, residual sodium carbonate (RSC),
sodium adsorption ratio (SAR), magnesium hazard (MH) and percent sodium (%Na) values suggest that pond
water of Varanasi city may be used for irrigation purpose. Based on safe levels of potentially toxic trace
metals, we found that Mn was above the safe limit for cattle drinking purpose in seven of the collected
samples.
1. Introduction
Ponds are unique fresh water resources and are defined as natural or man-made water bodies, generally
smaller than lakes and hold water for four to five months of the year or more. Man-made ponds are historical
and are typical of the tropics. Ponds in India have traditionally been assigned a role of alternate drinking
water resource and are used for various other purposes such as bathing, washing clothes and cattle drinking.
Large ponds are also used for irrigation of crops. Ponds are natural sites for rain water harvesting as they
allow rain water to percolate slowly and gradually recharge the water table. They support many aquatic lives
and are one of the important biodiversity resources. They also serve as a source of recreation, aesthetic value
and education. Despite their great economic and ecological importance, they remain undervalued and are
potentially threatened by accelerated human activities. Most urban ponds have vanished under anthropogenic
pressures. Many ponds, which have survived, contain totally non-potable water and are under constant threat.
The major threats to ponds are their poor management, eutrophication, infilling and pollution. Ponds are
vulnerable to pollution because of their small size and the small volume of water available to dilute
pollutants. The constant degradation of the water quality of urban ponds over the years has caused serious
damage to the biodiversity of the pond ecosystem. Idol immersion observed during certain Indian festivals
has been a major contributor of metallic pollution in surface water bodies.
Varanasi, also called the “Blessed Land” as it has many ponds or kunds (in Hindi), tanks, streams (nalas or
flow lines). In Varanasi, which is one of the oldest cities in the world and which is well known for various
religious activities, most of the ponds are situated in vicinity of temples and thus bear a religious significance.
Some religious activities associated with these ponds are the celebration at Durga Kund during annual fair
and festivals (navratra). On the occasion of festival of Lolarak which is dedicated to Surya, the Sun God,
Varanasi witnesses the holy dip taken by thousands of female devotees in the ancient step well pond of
Lolark Kund. The reason behind the interconnectedness of ponds or kunds with the religious places was to
keep them clean and pure. However, with the passage of time, these historical ponds of Varanasi city went
into severe misuse and were filled to bring up buildings or to use them as garbage dump-yards. Cumulative
area of ponds in Varanasi city also shrank from 92.12 ha in 1822 to 19.53 ha in 2011 (Raju and Bhatt 2015).
Ajai and Mohan (2011) reported that there are 118 ponds and tanks in the Varanasi city, out of which 39
ponds and tanks are not in the revenue records of local government and 54 ponds are in the final stage of
disappearing because of garbage filling and encroachment.
Nowadays, ponds of Varanasi city are used for waste disposal by the visitors (Sharma et al. 2009). It has been
found that various human activities related to religious ceremonies are the main reason for water quality
degradation of the ponds in Varanasi (Gupta et al. 2011). The slow dissolution of colours and chemicals of
the idols cause significant change in water quality (Dhote el al. 2001). Various materials used in idols such as
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plaster of Paris, clothes, metals, synthetic paints and colours play a significant role in water quality
degradation of the ponds. Paints and colours are the source of heavy metals such as Pb, Cr and Ni (Gupta et
al. 2011). Mishra et al. (2014) studied eight major sacred ponds of Varanasi city and reported that
biochemical oxygen demand of these ponds varies between 1 mg/l and 2.5 mg/l. The maximum value of
BOD (2.5 mg/l) was found in Lahartara pond. Pollutants from domestic effluents and agrochemical runoffs
from human settlements and agricultural fields around the ponds are other sources of pond degradation. The
future of these historical ponds is bleak due to severe anthropogenic stress. Thus, the growing problem of
degradation of pond ecosystem has necessitated us to study the water quality of various ponds of Varanasi to
evaluate their utility potential. The present study discusses the water quality aspect of 14 major ponds of
Varanasi city in Uttar Pradesh. Keeping in mind the importance of the ponds of Varanasi city, the present
work is an attempt to understand pond water quality in terms of major ions and trace elements and to identify
their sources, suitability of pond water for general domestic use by humans, irrigation and cattle drinking
purposes.
2. Study Area
The present preliminary study was undertaken to assess water quality of 14 major ponds of Varanasi city,
Uttar Pradesh, India. The sampling points and the sampling area map have been shown in Fig. 1.Varanasi city
(76 m amsl) belongs to the middle Ganga plain and has largely even topography, underlain by Quaternary
alluvial sediments of Pleistocene to recent times (Raju et al. 2011).
The aquifer system in the Varanasi area consists of many alternating layers of sand and clay (Shukla and Raju
2008). The geological succession of Varanasi has been shown in Table 1. The climate of Varanasi is
subtropical with a marked monsoonal effect. The area experiences three distinct seasons, viz., summer,
monsoon and winter. The maximum temperature recorded in summer and winter respectively is 48°C and
24°C. Whereas minimum temperature in summer season is 32°C and in winter it is 8°C. Major portion of
annual rainfall is received during mid-June to September. The average annual rainfall is 1,110 mm.

River Ganga

Fig. 1: Sample location map of Varanasi city, U.P., India.
(Where, P-1 is Surya Sarover, P-2 Bhikharipur pond, P-3 Durga Kund, P-4 Kurukshetra pond, P-5
Lolark Kund, P-6 Laxmi Kund, P-7 Suraj Kund, P-8 Shankuldhara pond, P-9 Ram Kund, P-10 Mata
Kund, P-11 Pisachmochan, P-12 Ishwargangi Pokhra, P-13 Pushkar Talab, P-14 Kinaram Pokhri).
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Table 1. Geological succession of Varanasi, U.P (after Raju et al. 2011).

3. Materials and methods
The pond water samples were collected for geochemical analysis during February 2012. The geographical
coordinates of all 14 ponds were marked by Garmin (GPSMAP-76CSX) Global Positioning System (GPS).
The physico-chemical characteristics of water samples were determined using the standard analytical
methods (APHA 1995). Bicarbonate (HCO3-) was estimated by acid titration method (APHA 1995). Major
inorganic anions were analysed using ion chromatograph (Dionex Dx-120). Water samples for major cation
and trace element analysis were stored at 4°C after filtration using syringe filter of 0.45 µm size (Millipore)
and acidification with supra-pure HNO3 in the field and then analysed by inductively coupled plasma atomic
emission spectrometry (ICP-AES JY ULTIMA 2; Na, K, Ca and Mg) and mass spectrometry (ICP-MS
Perkin Elmer ELAN DRC-E Axial Field Technology; Mn, Cu, Pb, Zn, Ni, Co, As, Se, Cd, Al, Sr, Cr, Ba, V,
Ag and Fe).
4. Results and Discussion
4.1 Physico-chemical parameters, major ion and trace element chemistry
The physico-chemical characteristics are presented here using various diagrams (the data used in making
diagrams and interpretation can be provided on request). The pH values of samples were found in the range
7.89 to 8.66 with a mean value of 8.29 and thus the pond water samples were alkaline in nature. Total
dissolved solids (TDS) had a mean value of 561 mg/l. Based on the classification of TDS content (Fetter
1990) all water samples come under fresh water category (TDS< 1000 mg/l). The total hardness of analysed
samples varied between 132 and 314 mg/l with an average value of 226 mg/l which indicates that samples
were moderately hard to hard (Sawyer and Mc Carthy 1967). A chemical analysis of major ions reveals that
sodium (56.9 mg/1) was the most abundant cation followed by calcium (51 mg/1), potassium (29.8 mg/l) and
magnesium (24.1 mg/1). Bicarbonate (297 mg/1) and chloride (50.1 mg/1) were the predominant anions
followed by sulfate (39.6 mg/l), nitrate (11.4 mg/l) and fluoride (0.37 mg/l). High bicarbonate concentration
indicates the dominance of chemical weathering. The source of major ions in pond water can be defined by
plotting the samples according to the variation of weight ratios of (Na+K)/ (Na+K+Ca) and Cl/ (Cl+HCO 3-)
as a function of the TDS as shown in Fig.2.
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Fig. 2: Mechanism controlling chemistry of pond water (after Gibbs 1970).
It was observed that the water chemistry of the pond water occupies the field categorised as “RockDominance” in the Gibbs (1970) diagram. This clearly suggests that the major mechanism controlling the
water chemistry of the ponds is chemical weathering of the rocks. Proton source, composition of parent rocks
and the solid products of the chemical weathering determine the quantity of cations and anions released into
solution. However, some distinctly different weathering reactions can also generate similar solute
composition in solution (Sarin et al. 1989). Thus, for a better understanding of the source of major ions,
additional information on the geology and mineralogy of the terrain is needed. The relationship between rock
types and surface water composition can also be evaluated by the trilinear Piper diagram. The Piper diagram
is an ingenious construction which consists of two triangular diagrams, describing the relative compositions
of cations and anions, and a diamond shaped diagram that combines the compositions of cations and anions.
The water that plots near the left corner is rich in Ca and Mg and HCO 3- and is the region of temporary
hardness. Water plotted at the lower corner of the diamond is primarily composed of the alkali carbonates
(Na + K and HCO3- + CO32-) (Piper 1944). The Piper plot (Fig. 3) shows that most of the samples fall in the
left and the lower left corner of the diamond. The statistical summary of concentration of trace elements in
ponds of Varanasi city has been given in Table 2. Fig. 4 shows variations in trace element concentrations in
the ponds of Varanasi city, diagrammatically, using box and whisker plots. On the basis of median values, the
trace elements in pond waters were divided into three groups: (1) Dominant trace elements (>10 μ g/l)- Mn,
Al, Sr, Ba and Fe; (2) Moderate trace elements (between 10 and 0.1 μ g/l)- Cu, Pb, Zn, Ni, Co, As, Se, Cd, Cr
and V; and (3) Low trace element (<0.1 μ g/l)- Ag (Xiao et al. 2014).

Fig. 3: Piper plot for major ion concentration of pond water of Varanasi city (after Piper 1944).
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Fig. 4: Box and whisker plots showing the variation of trace elements in pond water samples.
Table 2: Statistical summary of concentration of trace elements in ponds of the Varanasi city.

Min.

Max.

Ave.

Median

BIS
(2012)
Des.-Per.
(µg/l)

Mn

1.45

104.64

45.79

45.79

100-300

P-8

Cu

0.47

115.56

9.84

1.9

50-1500

P-10

Pb

0.07

25.48

2.84

0.56

10

Zn

1.94

234.52

21.29

4.82

5000-15000

Ni

0.57

4

2.55

2.68

20

Co

0.05

0.68

0.39

0.33

-

As

0.63

7.28

3.63

3.44

10-50

Se

0.09

1.36

0.55

0.55

10

Cd

0.01

0.22

0.13

0.15

3

Al

11.6

459.76

95.26

41.74

30-200

Sr

66.69

371.3

230.64

230.64

-

Cr

0.44

4.04

2.05

2.06

50

Ba

29.33

78.51

50.63

50.63

700

V

1.12

9.69

3.64

3.41

-

Ag

0

0.4

0.08

0.06

100

Fe

150.74

1462.57

733.42

727.02

300

Trace element concentrations in µg/l.
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Samples
exceeding BIS
(2012)
desirable limit

Samples
exceeding
BIS (2012)
permissible
limit

P-10

P-4, P-6 to P-9, P11, P-13

P-1, P-2, P-10

P-1 to P-4, P-6
to P-13
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4.2. Suitability for drinking and general domestic use
To evaluate the suitability of pond water for human consumption, various hydro-chemical parameters of pond
water samples were compared with the prescribed specification of World Health Organization (WHO 1997)
and Indian standard (BIS 2012). The data on Varanasi pond water suggests that 9 out of 14 water samples are
showing TDS values greater than the desirable limits (500 mg/l), however, they are well within the
permissible limits of 1500 mg/l of the WHO (1997) and 2000 mg/l of the BIS (2012). All water samples have
total hardness within the permissible limits of 600 mg/l for drinking water (BIS 2012).One sample (P-7) for
calcium and 3 samples (P-9, P-12, P-14)for magnesium are exceeding desirable limits (75 and 30 mg/l,
respectively) for WHO (1997) and BIS (2012), and all are found within the permissible limits of the WHO
and BIS standards. Concentration of sodium in water samples of the study area indicates that 8 samples are
beyond the desirable limit (50 mg/l) and none of the samples are beyond the permissible limits (200 mg/l) set
by the WHO (1997). Concentration of potassium shows that 12 samples are beyond the desirable limit (10
mg/l) whereas 9 samples are beyond permissible limit (12 mg/l) of WHO (1997). Chemical weathering of
sediments and sewage contamination both can supply K to the pond. The data show that HCO 3- crosses the
WHO (1997) desirable limit (300 mg/l) in 50% of the samples and all samples lie within the permissible limit
of 600 mg/l (WHO 1997). The concentration of Cl-and SO42-in pond water indicates that all samples lie
within the desirable limit of both WHO (1997) and BIS (2012). Only one pond water sample (P-5; Lolark
Kund) has nitrate concentration higher than the prescribed level of 50 mg/l (WHO 1997), which indicate
contribution from the sewage. The anionic chemistry indicates that fluoride concentration in all samples lie
within permissible as well as desirable limit set by WHO (1997) and BIS (2012).
The result of trace element analysis of all pond water samples of the study area shows that the concentration
of manganese, copper, zinc, nickel, arsenic, selenium, cadmium, chromium, barium and silver lie within the
permissible limits prescribed by BIS (2012) as shown in Table 2. Manganese concentration (104.64 ppb) in
Shankuldhara pond (P-8) exceeded BIS (2012) desirable limit. Copper concentration in Mata Kund (P-10)
exceeds BIS (2012) desirable limit. Lead (Pb) concentration (25.48 ppb) in Mata Kund, Lallapur (P-10) was
found to exceed above the BIS (2012) permissible limit of 10 ppb. Aluminium concentration exceeds the
desirable limit (30 mg/l) of BIS (2012) in 50% of the samples (P-4, P-6, P-7, P-8, P-9, P-11 and P-13).
Aluminium (Al) concentration in Surya Vihar, DLW (P-1), Bhikharipur Pond (P-2) and Mata Kund (P-10)
was found to be 459.76 ppb, 223.17 ppb and 216.15 ppb, respectively which exceeded above the BIS (2012)
permissible limit of 200 ppb. On the basis of iron (Fe) concentration, water of 12 out of 14 ponds was found
unfit for human consumption according to BIS (2012) permissible limit of 300 mg/l.
4.3. Suitability for cattle drinking
Ponds may serve as water supplies for livestock. It is a common sight in Varanasi city to find cattle drinking
water from open ponds. Thus, it is important to know whether the pond water is suitable for cattle drinking.
Pond water samples were assessed to check its suitability for cattle drinking purpose based on drinking water
quality guidelines for cattle provided by UK Cooperative Extension Service, University of Kentucky- College
of Agriculture (Higgins et al. 2008).Little is known about the effects of pH value on water intake rates and
cattle performance. However, it has been reported that safe pH range for cattle drinking is from 5 to 9. Based
on TDS content, all the water samples come under the safe water category (TDS <1,000 mg/l) for cattle
drinking. Total hardness in pond water samples ranges from 132 to 314 with a mean of 226 mg/l. Thus pond
water samples were found moderately hard (61-120) to hard (121-180 mg/l) category. Among anions upper
limit guideline for fluoride is 2.0 mg/l. All the samples fall in safe category for cattle drinking. Maximum
recommended sulphate levels in water for cattle drinking is ˂ 500 mg/l for calves and ˂ 1,000 mg/l for adults.
All the pond water samples lie in safe category and were found fit for cattle drinking. Maximum
recommended nitrate levels in cattle drinking water is between 0-44 (safe for consumption) and 45-132 (safe
with low nitrate feeds and balanced diet). Only one sample (P-5) with nitrate concentration of 59.4 mg/l fell
in the latter category. All other samples were found fit for cattle consumption. Based on safe levels of
potentially toxic trace metals like Mn (50 ppb), Cu (500 ppb), Pb (100 ppb), Zn (24000 ppb), Co (1000 ppb),
As (200 ppb), Se (50 ppb), Cd (50 ppb), Al (5000 ppb), Cr (1000 ppb) and V (100 ppb), we found that in
seven samples viz. P-2, P-3, P-6, P-7, P-8, P-9 and P-10 manganese concentration exceed the safe limit for
cattle drinking purpose.
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4.4. Suitability for irrigation
Important characteristics to be considered for irrigation use are electrical conductivity, salinity, sodium
adsorption ratio (SAR), residual sodium carbonate (RSC) and percent sodium (%Na). The EC and Na
concentrations are important in classifying irrigation water. The EC values ranges from 416- 1340 μ S /cm
with an average of 758 μ S /cm. US Salinity Laboratory diagram (1954) shown in Fig. 5(A) shows that water
samples are good to moderately good for irrigation purpose.
4.4.1. Sodium Adsorption Ratio (SAR)
Sodium adsorption ratio (SAR) is the relative activity of sodium ion in the exchange reaction with soil.
SAR= Na+/√ (Ca2+ + Mg2+)/2
SAR values in the study area ranges from 0.6 to 3.46 with an average of 1.66. The pond water is of excellent
quality since none of the samples exceeds the SAR value of 10 (Richards 1954).
4.4.2. Percent Sodium (%Na)
Sodium concentration is important in classifying irrigation water because sodium reacts with soil to reduce its
permeability.
%Na = (Na++K+)/ (Ca2++Mg2++Na++K+) X 100
Excess sodium in waters produces negative effects in soil such as reducing its permeability. The percent
sodium value ranges from 20 to 62 with an average of 39. All the samples lie in excellent to good and good to
permissible category as shown in Fig. 5 (B) (Wilcox 1948).
4.4.3. Residual Sodium Carbonate (RSC)
The effect of carbonate and bicarbonate and suitability of water for irrigation can be assessed by calculating
the residual sodium carbonate (RSC) as follows:
RSC = (CO32- + HCO3-) - (Ca2+ + Mg2+) (all concentration in meq/l)
A high value of RSC in water leads to an increase in the adsorption of sodium in soil. The calculated RSC
values of all water samples of the study area range from 1.13 to 5.84 with an average of 2.60. A high value of
RSC in water indicates more adsorption of sodium in soil (Eaton 1950). Based on RSC values, water can be
classified as safe (<1.25 meq/l), marginally suitable (1.25–2.5 meq/l), and unsuitable (>2.5 meq/l). It was
observed that out of 14 samples only one sample (P-10) was safe, seven were marginally suitable, and six
samples were unsuitable for irrigation. RSC values greater than 5 meq/l are considered harmful for plants.
Only one sample (P-14) exceeds the 5 meq/l limit. Thus, we found that based on RSC values the pond water
is marginally suitable for irrigation purpose.
4.3.4. Magnesium hazard
In general, Ca and Mg are in equilibrium state in water samples. Szabolcs and Darab (1964) proposed a
magnesium hazard (MH) value for irrigation water which is calculated as follows:
Magnesium ratio= Mg/ (Ca + Mg) ×100 (all ions are in equivalents per million)
The MH values ranges from 33.2 to 59.1 with an average of 43.7. Four pond water samples were found to
exceed the magnesium ratio of 50. Magnesium ratio for waters higher than 50 is considered to be harmful as
it would adversely affect the crop yield as soils become more alkaline and thus become unsuitable for
irrigation use.
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(A)

(B)

Fig. 5: Classification of pond water samples (A).in relation to salinity hazard and sodium hazard (after US
Salinity Laboratory diagram 1954). (B).on the basis of electrical conductivity and percent sodium diagram
(after Wilcox 1948).
5. Conclusion
Due to rapid urbanization, ponds in Varanasi city are vanishing fast from the good face of the earth. The rest
are though surviving, but at the cost of severe anthropogenic stress leading to water quality degradation.
Water quality assessment was done to identify sources of major ions and trace elements in the pond water.
Gibbs diagram shows that major ion water chemistry of the ponds of Varanasi city lies in the rock weathering
category. Results of major cations and anions revealed that nine among fourteen ponds showed high value of
potassium which is beyond WHO (1997) permissible limit and thus are not fit for human consumption.
Lolark Kund showed exceptionally high value of K+ and NO3-. The possible source of these could be from
sewage containing high concentration of potassium and nitrate. The study also presented high precision ICPMS trace element data for pond waters of Varanasi city. Box and whisker plots showed that Mn, Al, Sr, Ba
and Fe were the dominant trace elements with concentrations >10 μ g/l; Cu, Pb, Zn, Ni, Co, As, Se, Cd, Cr
and V were the moderate trace elements with concentrations between 10 and 0.1 μ g/l; Ag was the low trace
element with concentration <0.1 μ g/l. For Pb concentration in Mata Kund; for Al concentration in Surya
Vihar, Bhikharipur Pond, and Mata Kund; and for Fe concentration in 12 out of 14 ponds, were found unfit
for human consumption. In general, the water quality in most of the water samples of ponds of the Varanasi
city was found unfit for human consumption with a few exceptions. According to residual sodium carbonate
(RSC), sodium adsorption ratio (SAR), magnesium hazard (MH) and percent sodium (%Na) values, we
conclude that pond water of Varanasi city may be used for irrigation. Based on safe levels of potentially toxic
trace metals we found that Mn was above the safe limit for cattle drinking purpose in seven samples, viz.
Bhikharipur pond, Durga Kund, Laxmi Kund, Suraj Kund, Shankuldhara, Ram Kund and Mata Kund.
Thus, the study presents compelling evidence of the deteriorating water quality of ponds in Varanasi city and
warrants a strong and effective management of ponds so that the anthropogenic contamination could be
reduced. The degradation of ponds of Varanasi city is a cumulative result of lack of public awareness and
proper planning by the municipal authorities, local administration and government agencies. Management
actions/restoration plans like source identification and control, pond treatment, people‟s participation and
environmental education and awareness could be undertaken to safeguard the pond ecosystem.
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ENVIS NEWS: RESEARCH AND DEVELOPMENT
Organohalogens and heavy metal pollution in India:
Scientists at the Center for Marine Environmental Studies (CMES), Ehime University, Japan have been carryingout studies on chemical contamination in India from the last three decades. Chemicals such as pesticides, dioxins
and related chemicals (DRCs), brominated flame retardants (BFRs), heavy metals, and poly aromatic
hydrocarbons (PAHs) are widely spread in India due to its uses in agriculture, fossil fuels, industries, growing
population and urbanization. The recent review after a gap of nearly a decade by Subramanian et al. (2015)
provides an update of the spatial and temporal changes. The review says that organochlorines such as DDTs and
hexachlorocyclohexane (HCHs) have decreasing trends although they are still at considerable levels.
Polychlorinated dibenzo-p-dioxins/polychlorinated dibenzofurans (PCDDs/Fs) are seen at municipal solid waste
dumping sites of India at levels equivalent to the developed world. The e-waste processing sites in India,
especially the informal ones, show that contaminants apart from PCDDs/Fs, some BFRs and heavy metals were
also present. Metro cities of India showed location specific contamination by HCHs, DDTs, PCDDs/Fs, BFRs,
PAHs, etc. However, they found that coastal regions of India seem to be still unpolluted when compared to the
nearby inland locations. They have suggested the importance of further studies, future directions for policy
decisions and also for implementing control measures.
(Source: Subramanian et al. 2015. Chemosphere 137, 122–134)
Arsenic toxicity exceeds WHO limit in Gomti river, Lucknow:
A study carried out by the Department of Environmental Sciences, Babasaheb Bhimrao Ambedkar University
using collected samples in the year of 2013 from different sites along nine kilometre stretch of the Gomti river,
between Gaughat and Gomti Barrage of Lucknow, found arsenic toxicity in the region. Water quality parameters
such as temperature, TSS, TDS, pH, Hardness, DO, nitrate, nitrite, chlorine, total coliforms and heavy
metalswere found beyond the permissible limit. Arsenic, Copper, Iron and Cadmium were studied under heavy
metals. Among fifteen sampling sites the high amount of arsenic has been detected at Daliganj (0.079 mg/litre)
followed by Gomti Barrage (0.0705 mg/litre), Pakka Pul (0.070 mg/litre), Hussainabad (0.062 mg/litre) and
Monkey Bridge (0.060 mg/litre). The permissible limit for Arsenic toxicity set by the World Health Organization
(WHO) is 0.01 mg/litre and maximum desirable limit for arsenic is 0.05 mg/litre. The Gomti River is highly
polluted due to high discharge water from the catchment area, domestic, industrial waste and various drains.
Therefore, the water is not suitable for beneficial uses without treatment.
(Source: Kumar et al. 2013. Universal Journal of Environmental Research and Technology 3, 337-344)
Bioaccumulation of metals in fish species from metropolitan megacity:
In the south-east coast of India, from the Ennore creek region situated in northern part of Chennai metropolis, a
research study revealed bioaccumulation of potentially toxic metals, especially, Pb and Cr in fish tissues. Fishes
play an important role as bio-indicator of water pollution. This study depicts evidences of metal enrichment in
water and sediment samples at entry points of rivers of Kortalaiyar and Kosistalaiar, and channels in creek. The
contamination shows negative impact of serious anthropogenic activities from the megacity. The study was done
on selective fish species (Sillago sihama, Lizaparsia, Etroplus suratensis, Oreochromis mossambicus,
Ariusparkii and Gerres oyena) to address metal concentration (Fe, Mn, Cr, Cu, Ni, Co, Pb, Zn, Cd). The metal
intake increasing in fish samples is alarming as it will directly enter into human food chain and will affect human
health.
(Source: Jayaprakash et al. 2015. Ecotoxicology and Environmental Safety 120, 243-255)
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