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ABSTRACT

This study was performed to understand the impact of groundwater quality on the crop yields and its suitability
for the irrigation. The hydrogeochemical assessment indicates chemical weathering is prevalent in the aquifer
system. Low sodium-hazard observed in almost all samples. High salinity-hazard observed in the shallow aquifer
indicates leaching of contaminants from the surface. Salinity-hazard statistics indicates ~27.60% groundwater
suitable for irrigation, ~47.65% groundwater considerable for irrigation of selected crops whose salinity toler-
ance limit is high, ~13.44% groundwater (fresh-brackish) cause problem in the soil and ~11.31% groundwater
unsuitable for the irrigation.

Salinity tolerance limit indicates yield (%) of the few crops remain unaffected. These crops are Hordeum
vulgare (Barley), Gossy pium (Cotton), Beta vulgaris (Sugar-beet), Cynodon dactylon (Bermuda-grass), Thinopy-
rum ponticum (tall Wheat-grass), Thinopyrum intermedium (Wheat-grass) etc. The yield potential (%) par-
tially affected in the few crops like Arachis hypogaea (Groundnut) (~95.30%), Oryza sativa (Rice) (~93.29%),
Carthamus tintorius (Safflower) (~97.32%), Sorghum bicolor (Sorghum) (~95.97%), Glycine max (Soybean)
(~97.32%), Triticum aestivum (Wheat) (~99.33%), Brassica oleracea var. italica (Broccoli) (~92.62%), Cucumis
sativus (Cucumber) (~90.60%), Solanum lycopersicum (Tomato) (~90.60%), Phalaris aquatic (Harding-grass)
(~97.96%), Lolium perenne (Perennial ray-grass) (~97.99%), Sorghum drummondii (Sudan-grass) (~92.62%),
Festuca arundinacea (tall-Fescue) (~95.30%), Lotus corniculatus (T refoil-small) (~97.32%), Phoenix dactylif-
era (Date-palm) (~95.97%), Ficus carica (Fig) (~95.97%), Olea europaea (Olive) (~95.97%), Punica granatum
(Pomegranate) (~91.28%) etc. Few crops sensitive to salinity-hazard indicate low-yield potential listed as Phase-
olus vulgaris (Bean) (~36.91%), Daucus carota (Carrot) (~36.91%), Fragaria ananassa (Strawberry) (~36.91%).
This groundwater is suitable for the irrigation of crops like Barley, Cotton, Sugar-beet, Wheat, Wheat-grass,
Bermuda-grass, etc. But this groundwater can be used for irrigation after salinity management for the crops like
Groundnut, Rice, Soybean, Broccoli, Cucumber, Tomato, Harding-grass, tall Fescue, Trefoil-small, Date-palm, Fig,
Olive, and Pomegranate. The similar range of the crop yields observed in both Soil Water Salinity (SWS) Model
and Ayers and Westcot Model, if the salinity of the irrigation water is low (<1.5 mS/cm). While low reduction in
crop yields observed according to SWS Model in comparisons to Ayers and Westcot Model if the salinity of the

irrigation water is high (>1.5 mS/cm). The major reduction in crop yields observed in Ayers and Westcot Model,
while the moderate decline in crop yields observed in SWS Model at higher salinity. Crop yield in the study area
can be improved by implementing proper irrigation water management.

1. Introduction

term management of the crop yields since high electrical conductivity
of water (EC,,) causes the inability of the plant to compete with ions in

The yield of field and vegetable crops depends on the quality of soil
and water uses in irrigation. Soil quality affected by the various fac-
tors like soil type, slope, drainage patterns, types of irrigation, fertil-
izer, and water uses for irrigation of the crops (Bauder et al., 2011). As-
sessment of irrigation water quality is essential for the planning of long
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the soil solution (Bauder et al., 2011). Surface water (river, lake, and
pond) and subsurface water (groundwater) extensively use for irriga-
tion worldwide. Subsurface water is preferably using worldwide for ir-
rigation purpose due to its easy availabilities in comparison to surface
water. The yields of crop significantly affect the quality of irrigation
water (Maas and Hoffman, 1977; Bauder et al., 2011; Straten Van et
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1 Introduction

ning the primary, secondary, tertiary and quaternary
structures are prerequisite for enzymes to maintain the cat-
alytic activity under harsh industrial process conditions (high
temperature, extreme ph, operation parameters) by devoiding
the substrate/ product inhibition. Cross-linked enzyme crystal
(CLEC) and sol-gel immobilizations are a choice of interest in
protein stabilization techniques and find practical importance
in biocatalysis domain [1,2]. Sol-gel entrapped lipases on a thin
film of inert support facilitate reuse of enzymes by overcom-
ing diffusion limitations and also the structural aspect makes
them an easy usage in enzymatic bioreactors [3-5]. The sol-gel
entrapped lipases also avoid the problems incurred during cova-
lent immobilization techniques where strong binding affect the
catalytic triad residues or desorption (van der Waals, hydrogen or
ionic binding), which usually encountered during conventional
immobilization techniques [6]. As entrapped in a thin film of
inert support, sol-gel lipases also overcome the activity inhibi-
tion by reaction components such as alcohols, water-miscible
solvents, high temperatures and pressures sensitivities of lipases.
In case of CLEC, the high catalytic activity of purified lipase is
immobilized by crosslinking with a suitable crosslinker such as
glutaraldehyde [1].

Correspondence: Dr. Vijay Kumar Garlapati (shanepati@gmail
-com), Department of Biotechnology and Bioinformatics, Jaypee
University of Information Technology, Waknaghat, Himachal
Pradesh 173234, India

Abbreviations: CLEC, cross-linked enzyme crystal; PAMS, poly
(ethoxymethyl) siloxane; PHOMS, poly (hydroxymethyl) siloxane
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Once lipase interacts with inert support, the conformation
will be changed due to the folding/unfolding phenomenon
in a crowded and/or confined environment. The free volume
space of the lipase is limited either by the dense surrounding
biomolecules, or by the small confinements which eventually
affect the protein stability in terms of thermal stability, and
chemical reactivity [7,8]. Hence, the knowledge of crowding and
confinement of proteins on immobilization drive the researcher
for better understanding the folding and its stability in crowding
and/or confinement conditions. The profound effects of crowd-
ing and confinement on the dynamic and functional proper-
ties of enzymes and subsequently on the dependent bioprocess
have been started to acknowledge by the researchers [9, 10].
Several studies have been carried out using these immobilized
benign catalysts in the esterification and transesterification reac-
tions [11-17]. These studies are mainly targeting the selection/
optimization of the process conditions, reaction mechanism and
reusability studies by devoiding the crowding and confinement
effects on the enzyme stabiity and subsequent bioprocess. Hence,
in this paper, we have attempted the relative assessment of CLEC
and sol-gel entrapped lipases for esterification of lauric acid with
ethanol in terms of crowding and confinement effect on reaction
rates along with the selection of process conditions.

2 Materials and methods
2.1 Materials

Lipase from Pseudomonas sp. L9518 containing > 15 U/mg
(Sigma), Lauric acid, ethanol, solvents of analytical grade were

© 2018 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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This systematic study was carried out with objective to delincate the various sources responsible for
NO3 contamination and F~ enrichment by utilizing statistical and graphical methods. Since Central
Ground Water Board, India, indicated susceptibility of NO3 contamination and F~ enrichment, in most
of the groundwater, NO3 and F~ concentration primarily observed >45 and >1.5 mg/L, respectively,
i.e., higher than the permissible limit for drinking water. Water Quality Index (WQI) indicates ~22.81%
groundwater are good-water, ~71.14% groundwater poor-water, ~5.37% very poor-water and 0.67%
unsuitable for drinking purpose. Piper diagram indicates ~59.73% groundwater hydrogeochemical facies
are Ca-Mg-HCOj3; water-types, ~28.19% Ca-Mg-SO,—Cl water-types, ~8.72% Na-K-504-Cl water-
types and 3.36% Na-K-HCOj water-types. This classification indicates dissolution and mixing are
mainly controlling groundwater chemistry. Salinity diagram indicate ~44.30% groundwater under in
low sodium and medium salinity hazard, ~49.66% groundwater fall under low sodium and high salinity
hazard, ~3.36% groundwater fall under very-high salinity hazard. Sodium adsorption ratio indicates
~97% groundwater are in excellent condition for irrigation. The spatial distribution of NO3 indicates
significant contribution of fertilizer from agriculture lands. Fluoride enrichment occurs in groundwater
through the dissolution of fluoride-rich minerals. By reducing the consumption of fertilizer and stress

over groundwater, the water quality can be improved.

Keywords. Hydrogeochemistry; fluoride; nitrate; Guna; hard-rock. k p
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to leaching of nitrate from agriculture lands, sewage
effluent or fertilizer sink (Bohlke 2002; Kundu et al.
The nitrate contamination and enrichment of 2008; Jalali 2009; Kyoung-Ho et al. 2009; Suthar
fluoride in groundwater is a very common problem et al. 2009; Ngounou Ngatch and Djoret 2010; Akao
observed worldwide by various researchers (Bohlke et al. 2014). India is also suffering from nitrate
2002; Kundu et al. 2008; Jalali 2009; Kyoung- contamination and fluoride enrichment problems
Ho et al. 2009; Suthar et al. 2009; Akao et al. (Handa 1975; Sajil Kumar et al. 2014; Subba

2014; Subba Rao et al. 2016; Sajil Kumar 2017). Rao et al. 2016). According to UNICEF (1999),
Nitrate contamination in groundwater occurs due India possesses ~14.1% of total fluoride deposits

1. Introduction

Published online: 10 September 2018
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Abstract A total of 30 water samples and 8 sediment
-samples were collected and chemically analysed for major
ions (Na™, K*, Mg**, Ca*, HCO5™, S0,%~, CI7, NO;™,
silica, PO,>~, F7), trace elements (Fe, Mn, Ni, Cd, Zn, Pb,
Cu), minerals and nutrients to determine the factors that
control the chemistry of water in the Kawar-Tal and
Kusheshwar-Asthan wetlands in the Bihar State of India.
These analyses indicate that Ca?" and HCO5™ ions are the
most dominant ions in both of the wetlands. It also indi-
cates rock weathering is a major source of ions in these
wetlands, particularly the dissolution of carbonate miner-
als. The hydrogeochemistry of water in Kusheshwar-
Asthan is favouring kaolinite formation and in Kawar-Tal
favouring kaolinite—gibbsite formation. Quartz (~36%),
clay minerals (~21%) and chlorite (~10%) are the
dominant minerals in both the wetlands. Orthoclase
(~12.49%), calcite (~7.51%) and illite (4.89%) minerals
are only available in Kawar-Tal surface sediment, while
albite (6.29%) and biotite (~ 13.6%) minerals are only
available in Kusheshwar-Asthan. Total carbon (~3%),
inorganic carbon (0.9%), organic carbon (~2.1%), total
sulphur (~0.0008%), nitrogen (~0.55%) and phosphate
(~0.96%) are available in Kawar-Tal surface sediments,
while total carbon (~2.38%), inorganic carbon (0.55%),
organic carbon (~1.84%), total sulphur (~0.001%),
nitrogen (~0.62%) and phosphate (~0.64%) are available
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in Kusheshwar-Asthan surface sediments. The study indi-
cates wetlands are rich in nutrient for biological activities
and are sufficient to support the biodiversity, but few
locations are influenced by anthropogenic activities which
cause the increase of sulphur, chloride, iron and lead.
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Introduction

Wetlands are areas where water is the primary factor
controlling the environment and the associated plant and
animal life (Ramasar 2007). The UNEP-World Conserva-
tion Monitoring Center has suggested that wetlands cover a
land area of about 570 million hectares, roughly 6% of the
Earth’s land surface, of which 2% is lakes, 30% bogs, 26%
fens, 20% swamps and 15% floodplains (Ramasar 2007).
India has a rich variety of wetland habitats. The total area
of wetlands (excluding rivers) in India is 58,286,000 ha or
18.4% of the country, 70% of which comprises areas under
paddy cultivation (Green 1990). A total of 1193 wetlands,
covering an area of about 3,904,543 ha, were recorded in a
preliminary inventory coordinated by the Department of
Science and Technology (DST), of which 572 were natural
(Green 1990). In a recent review of the India’s wetlands, 93
were identified as being of conservation importance (Scott
1989). India’s 19 most important wetlands that cover a
total area of 648,507 ha have been designated under the
convention of wetlands of international importance as
being especially significant waterfowl habitats (Ramsar
Convention 2003). The interactions of physical. biological
and chemical components of a wetland, such as soils,
water, plants and animals, enable the wetland to perform
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Assessment of landfills vulnerability on the groundwater quality
located near floodplain of the perennial river and simulation

of contaminant transport
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Abstract

This investigation was carried out with the objective to understand the impacts of landfill leachate on groundwater quality.
This study also explained the movement of trace metals in groundwater by using Visual MODFLOW/MT3D. It also delineates
the various factors controlling the suitability of groundwater for domestic, agriculture and drinking purpose. The statistical
assessment shows ~60.09% groundwater are in good condition, ~35.38% in poor condition and 4.53% in very poor condition.
The spatial distributions of water quality index (LWQI) around landfills indicate landfills are in depleted condition. Hydrogeo-
chemical classification indicates ~90.91% groundwater shows Ca—Na water-type cation facies and Cl~ water-type anion facies.
While 9.09% groundwater shows Ca—Na water-type cation facics and CI™-S0,?~—HCO;" anion hydrogeochemical facies. The
mineral equilibrium diagram of groundwater has revealed that it is in cquilibrium with silicate minerals and favors kaolinite
formation. The saturation index indicates chrysotile (Mg;Si,05(OH),) (2.84), dolomite (CaMg(CO5),) (0.45), ferric hydrox-
ide (Fe(OH);) (1.97-3.58), goethite (FeOOH) (7.86-9.47), hematite (Fe,05) (17.73-20.95), hydroxyapatite (Ca;5(PO,4);0H)
(2.38-4.62). jarosite-K (KFe3(S0,4),(0H)g) (0.22-1.92), cerussite (PbCO,) (0.39), vivianite (Fe;(PO,),-8H,0) (0.39) and
willemite (Zn,8i0,) (0.35) are reactive mineral in groundwater aquifer of study area. The seasonal and temporal variation
indicates anthropogenic influence. The calibration and validation of model show > 90% models correct with 95% confidence.
The contaminant transport simulated in groundwater aquifer with the high accuracy (estimated standard error 0.049 m) for
the large area (~ 300 km?). The trends of contour lines of trace metals concentration indicate; it will contaminate study area

within few years of its release through the landfill.
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Introduction

Water is essential for the survival of all the living being, the
most precious gift of nature. Groundwater is one of the major
sources of freshwater in the densely populated study area.
Increasing demand of groundwater due to ever-increasing
population has initiated the need for an effective manage-
ment of available groundwater resource (Arrieta et al. 2016;
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et al. 2016). Further industrialization in all cities and dump-
ing of their effluent/waste in the unplanned landfill causes

a great concern to environmentalist (Das 2017; Srivastava
and Ramanathan 2008; Jang and Chen 2015; Li et al. 2017;
Kumar and Alappat 2005; Jang and Hong 2002).The avail-
ability of geogenic trace metal in groundwater in fractured
crystalline bedrock aquifers (semiconfined) is the major con-
cern in these areas, which rely on private bedrock borewells
for their domestic/agriculture water supply (Ryan et al. 2013;
Zheng and Ayotte 2015). The concentration of trace metal
further increases in groundwater due to leaching of these
metals through unplanned landfill located in the floodplain
of the perennial river (Bezama et al. 2007; Finnveden et al.
1995; Radnekova-Yaneva ct al. 1995; Jha et al. 201 1; Renou
et al. 2008; Tchobanouglus et al. 1998; Zamorano et al.
2009; Olaniya et al. 1991; Srivastava and Ramanathan 2012;
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