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CHAPTER 1

INTRODUCTION

1.1 Lindane

Lindane (isomer of hexachlorocyclohexane y-HCH), an organochlorine
compound, has been listed as a persistent organic pollutant (POPs) under Stockholm
Convention on June 29, 2005 (Abhilash, 2009). More than 52 countries not only
globally banned its formulation but also use of it in any form. This toxic insecticide is
ranked among the top chemicals of concern by the US agency for toxic substances and
disease registry (Abhilash et al., 2008). Out of the known eight isomers of HCH (a,, B, v,
and 9), “y’ is the only isomer having insecticidal property to kill the variety of insects.
Its agricultural use has been banned in most of the developed countries; however, some
developing countries are continuing its use due to its low cost (Johri et al., 1998). Due
to its continuous use throughout the world, lindane-contaminated sites are prominent
worldwide. Once HCH enters the environment, it can distribute globally (Simonich and
Hiteis, 1995) and can also persist in various environments (Abhilash et al., 2008;
Abhilash, 2009). The various sites of lindane contamination have been reported in
different countries, viz., Europe (Concha-Grana, et al., 2006), America (Osterreicher-
Cunha et al., 2003; Phillips et al., 2006), and Asia (Prakash et al., 2004; Zhu et al.,

2005).

The half-life period reported for lindane in soil and water is 708 and 2292 days,
respectively (Beyer and Matthies, 2001). Lindane causes various environmental impacts
and persists in the soil for long periods. Therefore, toxicity and threats of environmental
contamination are of great concern, and this problem can be solved through

biodegradation-based approaches. The need of the hour is to develop procedures that
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Introduction.....

could remove these toxic compounds by converting them to non-toxic form
intermediate simple compounds. The various approaches of decontamination of HCH
like chemical treatment, incineration, and land filling available, but they lack
widespread application due to their cost factor and toxicity concerns to the living
system. The bioremediation technology has been proposed as a promising tool for in
situ detoxification of pesticide-contaminated sites. The various soil microorganisms
capable of degrading and utilizing the organochlorine y-hexachlorocyclohexane as a
source of carbon have been reported over the last two decades at various places (Sahu et
al., 1990; Adhya et al., 1996; Okeke et al., 2002; Nawab et al., 2003). Although the use
of HCH has been banned in most of the countries, y-HCH and its non-insecticidal

isomers a, 3, and d still continue to pose environmental and health hazard (Pavilikova et

al.,, 2012).

Currently, India is the largest consumer and manufacturer of lindane in the
world (Sagar and Singh, 2011). India had a total lindane production capacity of 1,300
tons per year, with two companies producing: Aditya Birla Chemicals Pvt Ltd with a
capacity of 1,000 tons per annum (tpa), and India Pesticides Limited (IPL), UPSIDC
Industrial Area, Deva Road, Chinhat, Lucknow (U.P.) with 300 tpa capacity. Aditya
Birla Chemicals Pvt Ltd has now stopped Lindane production (Abhilash and Singh
2009). Now India Pesticide Limited (IPL, Lucknow) is the only operating plant
worldwide. For each ton of lindane produced, 8-12 tons of wastes are generated
(generally enriched in the and [ isomers). Thus these production residues were
deposited in an uncontrolled manner around the various production sites around the
world (Vijgen 2006a, b) and because of their toxicity, lipophilic nature, long range
transport capability through wind, persistence behaviour and easily bio-accumulate in

food chain of various organisms, make these stockpiles one of the globe’s largest
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hazardous organic chemical waste sites. Lindane residues are readily found in milk
(Dhanya et al., 2012), meat (Aulakh et al., 2006), water (Kaushik et al., 2007), fish
(Amaraneni et al., 2011), human blood (Dhananjayan et al., 2012), butter and ghee
(Singh et al., 2007), Honey sample (Choudhary et al., 2008), breast milk (Kalra et al.,
2003) and Maternal and cord blood (Pathak et al., 2008) etc. Hence, an increasing
concentration of this pesticide in the biosphere is a matter of great concern (Hewitt
1998). Therefore, developing suitable remediation packages are utmost important for

the clean-up of lindane contaminated soil sites.

Among the various clean-up technologies, bioremediation is widely recognized
as an innovative technique for the decontamination of pesticide contaminated soil sites.
Research on isolating and monitoring microorganism with catabolic potential has
improved the prospectus of using microbial bioremediation as an alternative to
chemical or engineering based remediation strategies. Literature provides ample
evidence on the catabolic potential of microbes against pesticides (Rigas et al., 2005;
Barragan-Huerta et al., 2007) and their role in natural remediation processes. Microbial
diversity and their biomass offer a variety of eco-friendly options for mineralization of
pesticides or their transformation into less toxic metabolites. Previous studies reported
the microbial degradation of various pesticides under aerobic and anaerobic conditions

(Nagata et al., 2005; Elcey and Kunhi, 2010).

In nature most of the soil microorganisms have adopted to mineralize and
biodegrade the pesticides to satisfy their energy and nutrient requirements (Bhuyan et
al., 1992). Mineralization and degradation of wide variety of toxicants such as lethal
heavy metals, toxic dyes and poisonous pesticides have been reported by bacteria and
fungi (Tekere et al., 2001). Microbial mediated bioremediation are eco-friendly and less

harmful because during bioremediation process less by products are released in the
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environment. The lindane mineralization has been also reported in species of white rot
fungi such as Pleurotus sp, Cyathus bulleri, Phanerochaete chrysosporium, Trametes
hirsutus, etc. under aerobic conditions (Singh and Kuhad, 2000; Tekere et al., 2002).
Further, it has been demonstrated that Fusarium ventricosum can be a potential bio-
agent in degradation of lethal endosulphan pesticide. It seems that there is large number
of microbes which are still to be identified with respect to lindane and other pesticide
degradation in the soil and environment. Therefore, in the present research work is an
attempt has been made to isolate and identify the methanotrophs from lindane
contaminated sites and to assess their capability in degradation of lindane. For the first
time, the degradation of lindane by methanotrophs is being reported via this

investigation.

1.2 Methanotrophs

Methanotrophs plays an important role in global methane (CH4) budget by
consuming a significant amount of CHj in soils (Singh, 2011; Singh and Singh, 2012;
Singh, 2013). This CH4 consumption mediated by soil methanotrophs can contribute up
to 15% to the total global CHy4 destruction (Singh and Pandey, 2013). In addition, to
their ability to oxidize CHi, the CHs-monooxygenase (MMO) enzymes in
methanotrophic bacteria can also co-metabolize diverse types of organic pollutants, and
so application of methanotrophs in bioremediation of such compounds has been widely
investigated (Jiang et al., 2010). It is interesting, and perhaps fortunate, that the
conditions that exist in some of the specific ecosystems appear to favour the growth of
the methanotrophs and the synthesis of MMO, which is essential for the rapid
degradation of organic toxicants. Methanotrophic bacteria also have considerable
potential for use in biotechnology and in bioremediation due to the amenability of these

bacteria to large-scale cultivation (Semrau et al., 2010). Hasin et al. (2010) have
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provided an example of a methanotrophs that converts a toxic heavy metal species into
a less toxic and insoluble form, thus extending the bioremediation potential of
methanotrophic bacteria. Although, several recent reports indicated that methanotrophs
may be useful tool to extend the utility of these bacteria for several organic pollutant
degradation including insecticides and pesticides (Semrau et al., 2010; Jiang et al.,
2010; Overland et al., 2010; Semrau et al., 2010). In 1996 Kumaraswamy and his
colleagues study the effect of y- HCH on methane oxidation. Mertens et al. (2005)
analyse stereospecific effect of HCH on activity and structure of soil methanotrophic

communities using methane oxidation assay and PCR DGGE analysis respectively.

Methanotrophic bacteria also have considerable potential for wuse in
biotechnology and in bioremediation due to the amenability of these bacteria to large-
scale cultivation (Semrau et al., 2010; Jiang et al., 2010; Overland et al., 2010; Semrau
et al.,, 2010). It has been suggested that methanotrophs influence the speciation and
bioavailability of heavy metals in the environment (Choi et al., 2006). Hasin et al.
(2010) as in the reductive transformation of soluble and more toxic Cr (VI) into a less
toxic Cr (III) species, which is insoluble and tends to get precipitated at high pH. There
is possibility of reverse methanogenesis, where anaerobic methane oxidation can be
coupled to iron or manganese reduction due to concerted activity of archaea and
methanotrophic bacteria. It is still unclear how methane oxidation is coupled to metal
reduction process. Perhaps bacteria solely responsible for anaerobic oxidation of
methane may prefer coupling of manganese reduction (Bala et al., 2009). The flexibility
in survival of methanotrophs confers them added advantage and makes them ideal for
remediation of hazardous environmental wastes under a diverse range of habitats (i.e.,

terrestrial, marine, Arctic and Antarctic Polar Regions).
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During, in-situ bioremediation, the growth of indigenous populations of
methanotrophs is augmented after the supply of CH4 and oxygen (Hazen et al., 2009) as
the degradation of pollutants by methanotrophs is typically a co-metabolic process and
it can be sustained only in the presence of growth substrate. Further, there are reports
about limitations offered by methanotrophs in biodegradation of pollutants (Semrau et
al., 2010), which may also arise due to toxicity of pollutants to methanotrophs. Pfiftner
et al. (1997) have reported significant increases in the population densities of
methanotrophs in the soil contaminated by lindane (y-HCH) - the most widely used
insecticide. A possible way to improve this bioaugmentation efficiency can be
enhanced by the application of native methanotrophic bacteria into the contaminated
site, but it is infrequently made. Further, Mertens et al. (2005) demonstrated promising
results for a slow-release bio-augmentation approach using encapsulated Sphingomonas
sp. cells for the biodegradation of lindane in laboratory condition. Therefore,
bioremediation based on methanotrophic bacteria might be an emerging tool and has
been receiving more attention as an eco-friendly and efficient means of lindane

remediation (Mertens et al., 2005).

Though the application of pesticides in agriculture has offered considerable
economic benefits by significant enhancement in the production and yield of crops but
on the other hand these pollutants may cause severe environmental hazards and threat to
living beings. It is not known, how the HCH isomers quantities impact the
methanotrophic microbial community and their biomass in the soils. Therefore,
identification and quantification of HCH residues in soils may provide important
information regarding their correlation with methanotrophic microbial community and

their role in degradation of HCH residues.
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1.3 Soil microbial biomass

The soil microbial biomass (SMB), considered as an important source of
available plant nutrients in several nutrient deprived ecosystems. Land use changes or
land use covers and cutting of forests not only affect the availability of required
nutrients but also influence the soil microbial community and their biomass levels. It is
proposed that several toxic soil pollutants such as heavy metals, insecticides and
pesticides, etc. severely influencing the beneficial soil microbial activities and biomass
(Singh and Gupta, 2018). Hence, any such toxic pollutions and disturbances are due to
environmental drivers (soil pH, temperature, salinity, etc.) in soil could be one of the
major factors which may affect the SMB pools and nutrient availability to plants. The
previous investigations showed that several environmental drivers (soil organic matter,
gravimetric moisture, soil pH, etc.) govern the dynamics of SMB (Singh et al., 2018).
However, no investigations have been conducted in the present selected regions to find
out the levels of SMB in soils contaminated with HCH isomers. Further, it is also not
known how the HCH residues concentrations impacts the SMB—C, —N and —P levels.
The earlier studies of in present region were conducted to find out the impact of forest
fires, seasonality, vegetation cover or topographical variations on SMB-C, -N and -P
dynamics (Singh and Kashyap, 2007; Singh et al., 2009; Singh et al., 2010). Therefore,
study of SMB—C, —N and —P contaminated with HCH and OCPs residues may provide
new information about the region of Vindhyan plateau. It is hypothesised that the higher
HCH isomers concentrations in soil may lead to several unfavorable conditions to the
soil microbial diversity, abundance and their biomass. Therefore, the consequences of
changes in HCH isomers concentrations and soil physico-chemical properties should be
investigated on SMB levels and correlation between HCH isomers concentrations, SMB

values and soil physico-chemical properties.
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In India, limited research work has been carried to evaluate the role of microbes
in remediation of pesticides from lindane contaminated sites. Majority of the Indian
studies used different bacterial strains cultured and maintained in laboratory rather than
the contaminated fields and evaluated the biodegradation potential of microorganism in
pesticide containing nutrient media. To the best of our knowledge there is no
information about the methanotrophs diversity and soil microbial biomass from lindane
contaminated sites. Hence, there is urgent need to study the soil methanotrophs
composition and microbial biomass levels from lindane contaminated sites. It is also not
known whether different contaminated sites have similar community composition of
methanotrophs. Further, we don’t know about their diversity in lindane contaminated
soils. It is expected that present proposed investigation would provide answer to some
of the questions raised here. Further, understanding soil microbial biomass and the
types of methanotrophic community structure and its potential capability to degrade the
lindane is important for verifying the significant contribution of these microbes in
cleaning the soil system contaminated by the lindane. The objectives of the present

study are:

Objectives

1. To analyse the lindane residues in collected soil samples from lindane
contaminated sites/area.

2. To study the soil methanotrophs compositions and microbial biomass-C, -N and
-P from lindane contaminated sites.

3. To monitor the methanotrophic strains for lindane degradation tolerance level.

4. To assess the lindane degradation potential of identified methanotrophic strains
at different environmental conditions.

5. To examine the end products during lindane degradation by methanotrophs in

laboratory conditions.
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CHAPTER 2

REVIEW OF LITERATURE

2.1 Lindane

The organochlorine pesticides (OCPs) like lindane have long residual action and
have persistent nature without losing their toxicity for a long time (Agbeve et al., 2014).
The OCPs are so named because they include carbon, hydrogen, and chlorine in their
constituents. There are mainly three major subclasses of OCPs as diphenylaliphatics,
cyclodienes and hexachlorocyclohexane (HCH). It has been estimated that about 10
million tons of the technical HCH have been used globally from 1948 to 1997 (Walker
et al., 1999; Li, 1999). The OCPs have been commonly used across the world to control
agricultural pests and vector born diseases (Abhilash and Singh, 2009; Zhang et al.,
2011). The OCPs contaminated soils, turning into gradual toxic sources, has been
damaging environment with more potential (Niu et al., 2016). The use of Xenobiotic
compounds in most of the countries has banned, however, some are still using the
lindane (y-HCH) due to its low cost value and therefore, spontaneously contaminating
the soils (Nagata et al., 2005). In 2009, the lindane (a- and B-HCH) has been added to
the list of POPs under the Stockholm Convention, which has been a matter of global
concern (Vijgen et al., 2011). The use of HCHs (a mixture of a, B, vy, 0, and e-HCH
1somers) such as purified lindane (y-HCH, the only isomer with insecticidal properties)
in the agricultural sector is a great cause for public health concern (Wang et al., 2009;
Chang et al., 2011). The use of y-HCH has resulted into serious contamination problems
globally due to their persistence nature in aquatic, soil and air (Dominguez et al., 2016;
Vega et al., 2016; Khan et al., 2017; Madaj et al., 2017). It has been proved that there

are huge accumulations of HCHs in different environmental samples worldwide (Peng
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et al., 2015). For many years, humans have enjoyed the benefits of using pesticides to
control weeds, insects, pathogenic fungi, parasites and rodent pests in crops. Pesticides
are the only effective means of controlling pathogens, weeds or insect pests in many

circumstances (USEPA, 2012).

In the environment, lindane has potential to transform into a variety of
chemicals; most of them are volatile in nature. The HCH is the collection of the five
isomers i.e. alpha (o), beta (B), gamma (y), delta (5), and epsilon (g). The HCH isomer
manufactured as lindane is not produced in the United States since 1977; hence it is
imported in multiple forms for pharmacologic and industrial purposes. The use of
lindane has been restricted by the EPA; however, it can be applied only by certified
pesticide sellers. The three HCH isomers (o, 8, and y-HCH), have been included in the
list of POPs in the Stockholm Convention (Vijgen et al., 2011). The waste of HCH
isomers, generated during lindane production, with no insecticidal properties are
commonly called as ‘muck’ (65-70% of a-HCH, 7-10% of B-HCH, 75% of 6-HCH, 1—
2% of e-HCH, <2% of n-and 6-HCH) (Willet et al., 1998). The illegal dumping of
waste HCH 1somers (called as “muck”) has created large number of HCH dump sites all
over the world from where these harmful HCH isomers are leaking into the different
types of ecosystems (Willett et al., 1998; ATSDR, 1999). It has been estimated that
more than 52 countries has globally banned the HCH in its any kind of use in different
formulations. The countries involved in lindane formulation are also creating lindane
dumping sites which are causing environmental problems to living beings.

Apart from this, the scientists get involved in working on its degradation and
trying to find out the easiest, cheapest and safest way to decontaminate the lindane from
polluted sites. Bacteria present in lindane contaminated sites that have evolved the

ability to degrade HCH. The HCH degradation potential of various HCH isomers by
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bacterial strains is mediated primarily by two genes: The LinA and LinB which encode
for enzyme dehydro-chlorinase and halo-alkane de-halogenase, respectively. Long
distance transport of lindane is evidenced by its presence in the Arctic Ocean, where it
has never been used. Most of the lindane is present in the water environment, although
a significant amount is also found in the soil/sediment and some in air. Lindane has also
been shown to bio-accumulate in the fatty tissue of living organisms.

For many years, we are continuously using pesticides to control the weeds,
insects, pathogenic fungi, parasites and rodent pests. The pesticides are the only
effective means of controlling pathogens, weeds or insect pests in many circumstances
(USEPA, 2012). Apart from the beneficial role, the use of pesticides also has some
drawbacks or side effects, such as potential toxicity to humans, birds and other aquatic
animals. The HCH isomers are one of the most abundant organochlorine contaminants
in the Arctic Ocean (USEPA, 2006). Production of one ton of lindane generates a waste
of around 6-10 tons of other isomers (Vijgen, 2006). A massive 10 million tons of the
technical HCH have been used world over from 1948 to 1997 (Walker et al., 1999; Li,
1999). India started the production of technical HCH in the year 1952 (Gupta, 1986)
and perhaps was the largest user of technical HCH and DDT in the world. Technical
HCH and DDT amounted to 70% of total insecticide production in the 1980°s.

Lindane has been recently listed as a persistent organic pollutant (POP) under
the United Nations’ Economic Commission for Europe Convention on Long-range
Transboundary Air Pollution (LRTAP POPs Protocol) and the Great Lakes Binational
Toxics Strategy between United States and Canada. It is also the subject of a joint re-
evaluation in the US and Canada under NAFTA’s (North American Free Trade
Agreement) Technical Working Group on Pesticides. In the environment, lindane is

potentially transformed into a variety of chemicals, most of which are volatile. These
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include y-pentachlorocyclohexene, y-3.4,5,6-tetrachlorocyclohexene, a-HCH (Bintein
and Devillers, 1996; Cornacoff et al., 1988). The ratio of o-HCH to y-HCH
concentration in air has been used as an indicator to estimate the possible origin of the
air mass in the long-range transportation of contaminants (Iwata et al., 1993). Earlier,
bio-isomerization of y -HCH to a-HCH was thought to be the principal route for long
range contamination; however, current field studies have found that only a small
percentage of y -HCH is converted to a-HCH due to involvement of microbial activities
(Waliszewski, 1993; Singh et al., 1991).
2.2 Physico-chemical properties of lindane

Lindane is the common name for fy-hexachlorocyclohexane. The chemical
formula for lindane is CcH¢Clg and its chemical structure has been shown in Figure. 2.1.
It has a molecular weight of 290.83 g/mol. Lindane (y-HCH) is an insecticide and
fumigant which have been utilized for the control of an extensive variety of soil-

dwelling and plant eating (phytophagous) insects.

lllllc_j

Cl : Cl

Cl : Cl
C

Figure 2.1 Molecular structure of lindane
It is commonly utilized on a wide variety of crops, in stockrooms, in public
health to control insect-borne diseases and with fungicides for the seed
treatment.Lindane is also presently used in lotions, creams, and shampoos for the
control of lice and mites (scabies) in humans (USFDA, 2003). Trade or other names for

lindane include Aphitiria, Agrocide, Aparasin, Ambrocide, Benesan, Benexane,
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benhexachlor, benzene hexachloride, BHC, gamma-BHC, Borer-Tox,
BoreKil,Exagama, Gallogama, Gamaphex, Gamasan, Gammex, Gammexane, Gexane,
Isotox, Jacutin, Kwell, Lorexane, Lindafor, Lintox, Lindagronox, Lindaterra, Lindatox,
,Noviagam, Quellada, Steward, Streunex and Tri-6 (USEPA, 1983) (Table 2.1).
Lindane is a white powder, that evaporates in to the air, with a musty (odourless when
pure), odour at concentration of 12 ppm and more (NTP, 1998). Lindane is known to be
steady in air, light, heat, carbon dioxide, and strong acids and half-life for lindane in
soil and water is accounted for as 708 days and 2292 days individually (Beyer and
Matthies, 2001).

Table 2.1 Physical and chemical properties of lindane.

Common name Lindane

Chemical class Organochlorine

Chemical name 1,2,3,4,5,6-hexachlorocyclohexane, y-isomer, y-HCH
CAS Registry number 58-89-9

Chemical formula CcHeClg

Molecular weight 290.83

Melting point 112.5°C

Boiling point 323.4°C

Solubility in water at 25°C 7.52 mg/L

Partition coefficients Log KOW 3.3,3.61
Log KOC: 3.0, 3.57

Bioaccumulation factor:

1. In human fat 19+9

2. In aquatic animals: 25+£04
Vapor Pressure at 20°Cor25°C5.3+1.4x10-3Pa
Henry’s law constant at 25°C 3.2x10-4 KPa m*/mol

Conversion Factors
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Air 1 ppm 1.18 mg/m’
Water 1ppm 1 mg/L

Carcinogenicity classification

ACGIH A3
EPA NA
TIARC 2B

NA=not available

2.3 Commercial production of lindane and its applications

After the second world-war, numerous organizations started to produce HCH.
They use various methods to produce technical HCH. These methods include catalyser,
Butylacetate-method, Benzine-Dioxane Method, Modified Benzine-Dioxane Method,
Benzine Method, Methanol-circulation-method etc. Table 2.2 shows countries mainly

associated with lindane production.

Table 2.2. Brief introduction of lindane producing countries.

Country Period of production References

Albania 1982 till 1990 UNEP (2002)

Argentina 1947-1949 UNEP (2002)

Austria 1965-1990 Dept of the Environment and Heritage (2004),
Li (1999).

Azerbaijan 1960 — 1985 Okan (2004)

Belgium -- Stoffbericht (1993)

Brazil 1962-1985 UNEP (2002); Lopez (1999)

Bulgaria Till 1966 Hauzenberger (2004)
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Canada

China

Czech Republic

Croatia

Denmark

Egypt

France

Eastern Germany

West Germany

Ghana

Hungary

India

Japan

Poland

Romania

(Former) Soviet

Union

Switzerland

Turkey

USA

Till 1974

1995-2000

1954-April 1977

Till 1977

1977-1979

1967-1982:

1955-1971

Discontinued 1972

1953-1964

Till 2003

1948-1987

1956-1982

Till 1990

From 1935 to 1965

Till 1982

1950s-1970s

CEC (2000); NRTEE (2000)
Li (2001, 2004)
Hauzenberger (2004)
UNECE (2000)

De Bruin (1997)

Li (1999)

De Bruin (1979)

Heinisch (1994)

De Bruin (1979)

UNEP (2002)

Barczi (1994)

Jensen (2004)

UNEP (2002);

Questionnaire Ministry of Agriculture (2004)
Questionnaire (2004)

Hauzenberger (2004)

Li et al. (2005)

Bentz (2004)
Tiirkman et al. (1993)

Weston (1993)

Technical-grade HCH is produced as a mixture of isomers (primarily the, B, v, 9,

and ¢ isomers) by photo-chlorination of benzene, a response that can be begun by free-

radical initiators such as visible or ultraviolet light, x-rays, or y-rays (ATSDR, 2005).

Page 15



Review of Literature.....

The active y-hexachlorocyclohexane (lindane) can be concentrated by treatment with
methanol or acetic acid, followed by fractional crystallization, which produces technical
grade lindane containing 99.9% y-HCH isomer. Commercial production of lindane in
the United States began in 1945 and peaked in the 1950s, when 17.6 million pounds
was manufactured (IARC, 1979). Lindane is no longer produced commercially in the
United States, but it is produced by 13 manufacturers worldwide, including 7 in India
and 4 in China (SRI, 2009), and is available from 42 suppliers, including 19 U.S. sup-
pliers (Chem Sources, 2009). U.S. imports of HCH increased from 310,000 1b to 1.4
million pounds between 1989 and 1999 imports, declining to zero in 2005 and
remaining zero through 2008 except in 2006, when 73,000 1b was imported. U.S.
exports of HCH increased from zero in 1990 to 1.5 million pounds in 2005, declining to

154,000 1b in 2008 (USITC, 2009).

2.4 Application of lindane

Before getting banned lindane was used in various field like agriculture,

forestry, household uses, seed treatment etc. as shown in Figure. 2.2.

1. Lindane is utilized for louse control and as a wood preservative in few nations
(UNEP 2002).

2. Lindane is registered for the control of carpet beetles and clothes moths in
home.

3. It is reregistered by the EPA for control of aphids, cucumber beetles, cutworms,

melon worm, pickleworm, squash bug, squash vine borer, white grub and other
insects on cucurbits.

4, For control of the following insects found in the home: ants, centipedes, clothes
moths, house fly, odorous house ant, cockroaches, bed bugs, chats, little black

ants, sow bugs, mosquitoes, scorpions, spiders, water bugs and silverfish.
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10.

11.

12.

13.

14.

It is also use for controlling wood boring beetles generally called powder post
beetles and also for dry wood termites.

All the major arthropods pests that attack pets, including ticks, flies, lice, mites
and pet premises. Ohio is the only reported state that recommended lindane for
control of fleas on cats.

It has also been used as pharmaceutical treatment for lice and scabies,
formulated as a shampoo or lotion.

For control of phylloxera and shoot curculio on pecans.

Lindane is the only pesticide registered for the control of all the insect pests
attacking Christmas trees.

For all the major insects and leaf miners on woody ornamentals, floral and
foliage plants.

Lindane is special EPA registration for the control of symphylans on Hawaiian
pineapple production. It is used in conjugation of 4 soil fumigants.

For the use on a variety of livestock arthropod pests and on many classes of
livestock- beef, cattle, hogs, pigs, sheep, goats and horses and livestock
premises-barns, pens, sleeping quarters and shelters.

In forest lands (commercial, seed orchards and naval stores), lindane is the only
registered chemical for use on living trees for insect control.

Lindane is insecticide for use as a seed treatment on the minor crops such as
peas, beans, sunflower, lentils and vegetables and major crops including

sorghum and sugar beets.

2.5 Sources of lindane contamination in environment

The primary routes of potential human exposure to lindane and other hexa-

chlorocyclohexane isomers are ingestion, inhalation, and dermal contact (HSDB 2009).
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The general population potentially is exposed through consumption of foodstuffs
contaminated with pesticide residues. According to U.S. Food and Drug
Administration’s Total Diet Survey, lindane was detected in 279 of 2,168 samples and
in at least one sample of all 54 different food items analyzed (FDA, 2006). Most of the

food items in which lindane were detected had significant fat content.

Figure 2.2 Application of lindane for different purposes

However, the highest lindane concentrations were in pickles and raw
mushrooms, which have low fat content. Daily dietary intake of HCH isomers by the
adult U.S. population was estimated at 0.010 pg/kg of body weight for all isomers and
0.002 pg/kg for lindane. For 1982 to 1984, the estimated dietary intake of lindane was
1.9 ng/kg of body weight for infants aged 6 to 11 months and 7.9 ng/kg for toddlers
aged two years, who had the highest average daily intake. By 1986 to 1991, daily intake

had fallen to 0.8 ng/kg for infants and 3.2 ng/kg for toddlers (ATSDR, 2005).
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Dermal introduction happens when shampoos and creams containing lindane are
utilized for the treatment of lice and scabies (FDA, 2009). The highest average blood
concentration of lindane measured in children after scabies treatment with one of these
products was 0.028 pg/mL (ATSDR, 2005). According to the U.S. Environmental
Protection Agency toxics release inventory, environmental releases of lindane ranged
from 314 and 2,118 1b between 1988 and 1997. In 1998, over 25,000 Ib was sent to a
hazardous-waste landfill. By 2006, releases had declined to 10 lb. In 2007, five
facilities released a total of 1,555 1b of lindane, mostly off site for unspecified
management (TRI, 2009). Lindane was found in at least 189 hazardous-waste sites
currently or formerly on the National Priorities List; it occurred in air at 9 sites, surface
water at 33 sites, sediment at 36 sites, and soil at 90 sites. The non-occupational
pesticide exposure study, published in 1990, collected personal air samples at one U.S.
location with high pesticide usage and one with low to medium usage. The range of
mean y-HCH concentration was 7 to 22 ng/m’ at the high-usage site and 0.7 to 5 ng/m’

at the low- to medium-usage site (ATSDR, 2005).

The HCH isomers have been detected in human fatty tissue, blood, and breast
milk. The National Human Adipose Tissue Survey (NHATS), conducted in 1982, found
B-HCH residues in 87% of composite post-mortem samples of fatty tissue. According to
NHATS data, the mean concentration of -HCH in fat decreased from 0.45 ppm in
1970 to 0.16 ppm in 1981. The levels were highest in the southern United States. In the
1970s, the National Health and Nutrition Examination Survey (NHANES) found -
HCH in blood at a median concentration of 1.7 ppb. When the NHANES was repeated
in 1999 to 2000, the geometric mean concentration of f-HCH and y-HCH in serum lipid
was 9.68 ng/g for individuals over 12 years of age (ATSDR, 2005). The B-HCH was

measured in breast milk at a concentration of 0.6 ng/g in Canadian populations living
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near the Great Lakes. In the Netherlands, concentrations of y-HCH in breast-milk fat in
1988 ranged from 0.01 to 0.24 mg/kg (HSDB 2009). Many other studies in populations
throughout the world, especially Arctic populations, have found HCH isomers in blood,
fat, and breast-milk samples. The HCH isomers have been measured at higher
concentrations in all types of samples in areas of the world where lindane is still

extensively used for pest control, such as India and Africa.
2.6 Toxicological effects of lindane contamination in environments

Lindane produces central nervous system interruption through a variety of
mechanisms, the most important being its ability to act as a non-competitive GABA
antagonist interacting with the picrotoxin site, both in membranes and in intact cultured
neurons, thereby inhibiting the GABA-induced C1-flux following activation of either
the GABA (A) or GABA (C) receptor (Pomes et al., 1994; Aspinwall et al., 1997). Rosa
et al. (1997) demonstrated that lindane induces significant changes in the intracellular
Ca®" homeostasis of central neurons and has a significant impact in the cerebellum.
Lindane principally influences the dantrolene-sensitive intracellular Ca®* stores, causing

a release of calcium from these stores and altering the sensitivity of membranes.

The neurotoxic effects of lindane are predominantly mediated through its non-
competitive antagonism of the GABA (A) receptor. It was noted that following
poisoning and seizure, the concentrations of dopamine and its primary metabolite
(DOPAC) were increased throughout the mesencephalon and the striatum. In cases of
chronic intoxication, dopamine levels fluctuated. These fluctuations, following
repetitive exposure to lindane, may account for some of the Parkinsonian-like
symptoms our patient experienced. Attia et al. (1991) have shown that chronic lindane

poisoning causes an enhanced night time rise in pineal N-acetyltransferase (NAT)
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activity and increased central melatonin secretion, as well as increased serum melatonin
levels. Chronic lindane poisoning also caused a significant reduction in central
serotonin (5-HT) and 5-hydroxyindole acetic acid (5-HIAA). This change in central
serotonin may well be the factor which mediates the anxiety and depressive changes
seen in our patient, as well as the disruption of her sleep cycle. Nedkova-Bratanova et
al. (1979) have shown that chronic lindane poisoning, even at low levels, diminishes di-
peptidase activity and disrupts the activity of the intestinal di-saccharidases for up to 90
days following low-level poisoning. Sucrase is the most effected di-saccharidase. This
disruption of the di-saccharidases may be responsible for the persistent diarrhoea

experienced by our patient.

The acute (short-term) health effects may occur immediately or shortly after
exposure to Lindane such as contact can irritate the skin and eyes; breathing lindane can
irritate the nose; throat and lungs. Lindane can cause headache, nausea, vomiting,
dizziness and seizures, irritability, restlessness, muscle weakness and twitching,
convulsions and coma (Nantel et al., (1977). The chronic (long-term) health effects can
happen sooner or later after exposure to Lindane and can keep going for a considerable
length of time or years. Lindane may be a carcinogen in humans since it has been
shown to cause liver, lung, endocrine gland and other types of cancer in animals. Four
cases of leukaemia were reported in men exposed to y-HCH with or without other
chemicals (IARC 1979; Sidi et al. 1983). Technical-grade, a and B-HCH and the v-
HCH produced liver tumours in mice when administered orally (Kashyap et al. 1979;
Munir et al., 1983). The Lindane may damage the developing foetus and decrease
fertility in females. High exposure to Lindane may damage the blood cells causing
anaemia. Exposure to lindane has been linked with blood disorders known as blood

dyscrasias, and in particular the disorder aplastic anaemia where the formation of
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platelets and white cells is disrupted (Morgan et al., 1980). Lindane can cause abnormal
heart thythm (arrhythmia). Lindane may damage the liver and kidneys. Lindane is fat
soluble and this contributes to its tendency to bio-accumulate through food chains.
Lindane residues have been detected in the kidneys, livers and adipose tissue of a wide

variety of wild animals and birds. It is highly toxic to aquatic invertebrates and fish.

2.7 Lindane bioremediation approaches

Currently there are several dumping sites present in the world from where
lindane, POPs and other hazardous chemicals are easily come in contact with biotic and
abiotic component of environment. Lindane-residues from “muck” due to rain water,
wind and because of illegal discharge in water bodies, dry deposition, snow can enter
the environment and cause toxicity. Lindane residues are readily found in milk, meat,
water, soil, packed water bottles, fish, human blood, butter and ghee, honey sample,
vegetables, breast milk, maternal and cord blood (Pathak et al., 2008).

In order to remove lindane from contaminated environments, several laboratories
have isolated and characterize the microorganisms that can cause the degradation of
lindane and other HCH-isomers under anaerobic and aerobic conditions. Figure 2.3

shows the role of microorganisms in bioremediation of lindane.

Lindane
Bioremediation

Bacteria

Plant microbial
Actinomycetes Fungi associatioon

Figure 2.3 Role of microorganisms in bioremediation of lindane
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2.8 Role of bacteria in lindane remediation

In the beginning it was believed that lindane biodegradation is largely an
anaerobic process, and various levels of anaerobic degradation of a, B, vy, and 6-HCH
has been observed. Mac Rae et al. (1969) reported degradation of lindane by anaerobic
Clostridium sp. Initial study suggested that the anaerobic microorganisms use lindane as
a sole carbon and energy source. Later studies demonstrated that lindane is used as an
electron acceptor under anaerobic conditions rather than as a carbon source. Other
isolates capable of degrading one or more of the other four HCH isomers under
anaerobic conditions includes C. sphenoides (Heritage and MacRae, 1977), C.
butyricum and C. Pasteurianum (Jagnow et al., 1977). Ohisa and Yamaguchi (1978)
reported that under anaerobic pure culture condition, strain of C. rectum degrade
lindane optimally at pH 7-8. Lindane degradation can also be done by Escherichia coli
which was isolated from rat faeces. About 10% of the added lindane was metabolized
by the bacterium in trypticase soy broth containing the pesticide lindane. A single
metabolite, 2, 3, 4, 5, 6-pentachloro-1-cyclohexene (PCCH) was detected and identified
by gas chromatography and mass spectrometry (Francis et al., 1975). Members of the
family Sphingomonadaceae appear to have an important role in aerobic lindane

degradation.

The pathway for the degradation of lindane has been comprehensively worked
out in the bacterium S. paucimobilis UT26, and the genes for its different enzymes have
been characterized (Nagata et al., 1999). The catabolic genes associated with the
degradation of lindane were initially discovered in S. japonicum UT26, and termed Lin
genes (Nagata et al., 1999). Six structural Lin genes (LinA—LinF) (Nagata et al., 1994;
Miyauchi et al., 1999; Endo et al., 2005) and one regulatory gene (LinR) (Miyauchi et

al., 2002) are involved in the complete mineralization of lindane in S. japonicum UT?26.
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In addition, a LinX gene, encoding a protein that has activity similar to that of LinC,
was also characterized (Nagata et al, 1994). The LinA-encoded HCH
dehydrochlorinase (LinA) mediates the first two steps of dehydrochlorination of
lindane. In addition to mediating the second step in the degradation of lindane in S.
JaponicumUT?26, LinB has been reported, recently, to transform B-HCH to 2,3,4,5,6-
pentachlorocyclohexanol (PCHL) (Nagata et al., 2005). The PCHL has lower
hydrophobicity and lower chemical stability than B-HCH, and the bacteria that degrade
and use it might exist in the polluted environment, enabling the complete degradation of
B-HCH by a combination of biological pathways. The location and stability of Lin
genes encode the lindane catabolic pathway, have been explored in the lindane-
degrading S. francense strain spl+, and in two non lindane-degrading mutants (Spl-

and Sp2-) (Ceremonie et al., 2006).

A strain of Pseudomonas paucimobilis isolated from paddy field rhizosphere
soil was demonstrated to degrade lindane (Sahu et al., 1990). About 98% of lindane was
aerobically degraded by S. paucimobilis after 12 days of incubation (Johri et al., 1998).
The Pseudomonas aeruginosa ITRC-5 can degrades a-, -, y- and 6- HCH, in both
liquid-culture and contaminated soils, and the degradation of B- and o-isomers is
enhanced in the presence of a- or y-HCH (Kumar et al., 2005). Incubation of ‘muck’
with the isolated bacterium P. aeruginosa I'TRC-5 under optimized conditions i.e. 1.7
mM input concentration, pH 9.0, and temperature 20-30 *1°C, causes substantial
degradation of HCH-isomers, which is accompanied with reduction of their toxicity
(Chaudhary et al., 2006). Bioconversion and biological growth kinetics of P.
aeruginosa degrading technical HCH was investigated in batch process under aerobic
condition by Lodha et al. (2007). At lower technical HCH concentrations (1-10 mg/L),

degradation (above 99%) was observed whereas at higher concentration (20-50 mg/L),
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the degradation efficiency was reduced. A gram-positive Microbacterium sp. strain,
ITRCI, has the capacity to degrade all four major isomers of HCH present in both
liquid cultures and aged contaminated soil was isolated and characterized by Manickam
et al. (2006). For the first time a Xanthomonas sp. was isolated from a contaminated soil
which utilized lindane as sole carbon and energy source by successive de-chlorination

(Manickam et al., 2007).

2.9 Role of actinomycetes and fungi in lindane remediation

Actinomycetes for bioremediation are an attractive approach, since these
microorganisms have already adapted to the various habitat (Shelton et al., 1996).
Pesticide-degrading actinomycetes belonging to Arthrobacter, Brevibacterium,
Corynebacterium,  Clavibacter = micromonospora, =~ Mycobacterium,  Nocardia,
Nocardioides, Rhodococcus and Streptomyces (De Schrijver and De Mot, 1999).
Actinomycetes have a great potential for bioremediation of toxic compounds (Benimeli
et al., 2007). Most of the lindane degrading fungi known to date are the members of the
family of white rot fungi, and a very few non-white rot fungi has been noted to degrade
the lindane. The lindane biodegradation is accomplished with the action of extracellular
oxidative enzymes, produced by the fungus to decompose woody substrates, such as
laccase, manganese peroxidise, lignin peroxidase (Rigas et al., 2005). Bumpus and Aust
(1987) published the first report on the biodegradation of lindane by white rot fungi
Phanerochaete chrysosporium. Mougin et al. (1997) reported the enhanced
mineralization in soils supplemented with lindane by Phanerochaete sp. and the fungus
seemed to modify lindane degradation pathway by increasing the conversion of volatile
intermediates to CO,. Biodegradation of lindane up to 85 to 95% by white rot fungi
such as Pleurotus ostreatus, P. sajorcaju and Trametes hirsuta has been reported by

earlier workers. Singh and Kuhad (1999) investigated lindane degradation ability of the
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white-rot fungus Trametes hirsuta in liquid culture, which was compared P.
chrysosporium. It was shown that 7. hirsuta degraded lindane faster than P.
chrysosporium. Singh and Kuhad (2000) studied lindane degradation capability of two
white rot fungi, Cyathusbulleri and P. sordid and reported that C. bulleri degraded

lindane more efficiently than P. sordida.

The degradation of lindane at various concentrations by a sub-tropical white rot
fungus was studied in batch and packed bed bioreactor systems. About 82 + 6%
degradation of lindane was achieved in batch cultures and 81% degradation was noted
in packed bed reactor (Tekere et al., 2001). Bioremediation process was evaluated in
polypore fungus, Ganoderma australe in mixtures of a sandy soil and wheat straw
doped with lindane (Rigas et al., 2007). Maximal degradations of 94.5% were attained
after 30 days for lindane by the white-rot fungus Bjerkanderab adusta in a slurry batch
bioreactor (Quintero et al., 2007). Biodegradation of lindane by Phycomyceteous and
Conidiobolus, a non-white rot fungus was reported by Nagpal et al. (2008). The
bracket-like polypore fungus, Ganoderma australe was selected for its potential to
degrade lindane in liquid agitated sterile cultures. The maximum lindane biodegradation
(3.11 mg g'1 biomass) was obtained with addition of nitrogen supplements during 5
days of cultivation time (Dritsa et al., 2009). Two Fusarium species (F. poae and F.
solani) isolated from the pesticide contaminated soil showed better degradability of

lindane while used as a sole carbon source (Sagar and Singh, 2011).
2.10 Government and private initiatives on lindane concern

Many registered companies used lindane for various purposes which include
direct treatment of livestock, pet products, ornamentals, home lawns, fallow areas,

commercial food processing facilities and storage areas, greenhouses, wood treatment,
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forestry, Christmas tree plantations, military use on human skin and clothing (EPA,
2006). Lindane is classifies by the U.S. EPA as one of twenty-two “Bio-accumulative
Chemicals of Concern” in the Great Lakes. Now release of these chemicals is restricted
into "mixing zones" because of "proceeding with confirmation that the exceptionally
bio-accumulative nature of these lethal chemicals displays a huge potential hazard to
human wellbeing, aquatic life and wild life." (Great Lakes Initiative, Fact Sheet). The
U.S. EPA likewise arranged lindane as an "Extremely Hazardous Substance" in Section
302 of the Emergency Planning and Community Right-to-Know Act.11.12. Under the
Clean Water Act. The U.S. EPA characterizes lindane as a "Priority Pollutant" for the
security of sea-going life and human wellbeing in surface water" (USEPA Water
Quality Criteria). Lindane is incorporated into the U.S. EPA's Toxic Release Inventory
(TRI) Program, which "requires facilities in specific enterprises, which produce,
process, or utilize critical measures of harmful chemicals, to report every year on their

release of these chemicals.

Lindane and the other HCH isomers are mobile in environment, and through
long-extend environmental transport, are deposited in the Arctic, where they have been
recognized in air, surface water, groundwater, residue, soil, ice, snowpack, fish, wild
life, and human beings (EPA Risk Assessment Fact Sheet 2006). All utilizations with
the exception of pharmaceutical uses are currently limited. "On August 2, 2006, EPA
reported that registrants Chemtura USA Corporation, trailed by AGSCO Inc, Drexel
Chemical Co. furthermore, JLM Industries, Inc. asked for to intentionally wipe out all
residual pesticide enlistments of the organochlorine pesticide lindane. EPA also made
an assurance that the rest of the employments of lindane are not qualified for re-

enlistment (Lindane RED Addendum 2006).
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The U.S. Agency for Toxic Substances and Disease Registry(ATSDR) (2005)
ranks lindane 32" of the 275 substances on its list of CERCLA (Superfund) “Priority
Pollutants.” "This list reflects a "prioritization of substances in view of a mix of their
recurrence, poisonous quality, and potential for human introduction at NPL (National
Priorities List) sites."Beginning January 1, 2002, any item utilized for the treatment of
lice or scabies in individuals that contains the pesticide Lindane should not be utilized
or sold as a part in state of California." (California Assembly Bill 2000).Lindane is
banned for use in 52 nations, and limited or extremely confined in 33 nations."(EPA
Risk Assessment Fact Sheet 2006).The International Agency for Research on Cancer
(IARC), the chief office on cancer-causing agent classification, at present considers
HCH, the class of chemicals to which lindane has a place, as possibly carcinogenic to
humans (IARC 1998). On 13 July 2000 the European Union Standing Committee on
Plant Health voted in favour of a restriction on lindane with the support from UK and
other member states. The European commission confirmed the choice in December
2000, which ought to happen before the end of 2001. The boycott will cover all
agricultural and amateur gardening uses of lindane. The 13" international HCH
pesticides forum was organized in Zaragoza 3-6 November 2015 by international HCH
and pesticides association (IHPA), the Aragon Government and SARGA to attract
consideration regarding the huge ecological and money related issues in the locale of
Aragon (Spain) created by the former production of Lindane by Inquinosa
manufacturing plant and the legacies made by the wild dumping of gigantic amounts of

HCH-waste in the region encompassing Sabinanigo and the Gallego River.

2.11 Soil microbial biomass
Soil microbial biomass (SMB) plays a crucial role in nutrient cycling and has

been considered as an important parameter of soil health and environmental
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sustainability (Amador et al., 2012; Yang et al., 2016). It has been reported that the
SMB is a very sensitive indicator of the soil dynamics and involved in C and N nutrient
cycles (Liu et al., 2012). In soil composition, approximately 2 -3 % of total organic
carbon is contributed by the soil microbial biomass and referred as labile fraction of soil
organic matter (Yang et al., 2016). The SMB pool can be revived by afforestation on
deforested land with the help of mixed plantation in association with suitable bio-

inoculants enhancing the ecosystem productivity.

It is now well accepted that soil microbial biomass play a vital role in nutrient
cycling in agro-ecosystem and affected by several limiting factors such as soil water
availability and etc. (Rangel-Vasconcelos et al., 2015). The SMB is an important
parameter of ecosystems as it is the fraction of soil organic matter (SOM) which is most
rapidly decomposed by the action of microorganisms. The dynamics of SMB are
determined by both biotic and abiotic components of the ecosystem and vary in
different location along with time in both natural and man-made ecosystem (Wardle and
Hungria, 1994; Rangel-Vasconcelos et al., 2015). The variation in soil microbial
assembly over certain time period is closely associated with changes in water
availability in soil (Patel et al., 2010), and associated with the studies related to the
understanding of release and mineralization pattern of nutrient available for plant
(Wardel, 1998; Rangel-Vasconcelos et al., 2015; Luizao et al., 1992). The pattern in
temporal variation of SMBin temperate climate are already well understood as it may
be closely associated with seasonal variations in temperature and hydrological regime

(Wardel, 1998).

The SMB is referred as an important driver of ecosystem functioning and it may
be consider as sensitive key biological indicator of perturbations owing to soil

disturbances (Zornoza et al. 2009). The microbial diversity and biomass have been

Page 29



Review of Literature.....

described and reviewed at local and regional scales. A unifying driver, or set of
environment drivers affecting SMB pattern scales need to be investigated as suggested
by earlier workers (Singh and Gupta, 2018). The SMB has been considered widely as
the index of soil fertility and ecosystem productivity. The escalating soil stresses due to
land degradation and climatic variability are directly correlated with loss of microbial
diversity and abundance or biomass dynamics (Singh and Gupta, 2018). The main
ecological factors which stabilize the SMB and minimize its turnover, are supposed to
play a vital roles in the ecosystem sustainability by maintaining essential function of
soil health, through carbon and nutrient turnover process (Singh and Gupta, 2018).
Even after disturbances, an ecosystem with a higher microbial diversity and biomass
may have a higher capacity to sustain the ecological stability. Above ground (plant litter
quantity and quality) and below ground (Soil microbial flora and fauna diversity) play
significant roles in controlling the functioning of ecosystem (Wardle et al., 2004). The
N deprived soils in Arctic, Alpine Tundra and Temperate forest ecosystem release
nutrients after death and decay of soil micro-flora and it has been pointed out as an
important source of plant nutrient (van der Heijden et al., 2008). Moreover, many
microbial communities have restricted bio-geographic distribution (e.g. Nj- fixing
rhizobacteria in tropical forests and mycorrhiza in boreal temperate forests). It is
suggested that the disparity in the size of SMB can impact variability of functioning of
various ecosystem types. The disturbances in climate conditions and anthropogenic
intervention are the significant drivers to regulate the existence and survival of
indigenous microbial diversity, and consequently, the essential soil functioning of the
ecosystem (Singh ang Gupta, 2018). The macroclimate topography and soil
characteristics are main factors influencing SMB dynamics across different ecosystems

locations (Wardle, 1992). The temporal dynamics of SMB may be involved in shaping
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the soil contents and release of immobilized labile nutrient due to microbial cell death,
decay and decomposition. The availability of released nutrients are generally involved
in plant growth and functioning of the ecosystem (Wardle, 1998). The factors which
provide viability to the soil microbial community therefore, are assumed to enhance the
conservation of soil nutrients in the form of higher SMB size (Singh and Gupta, 2018).
Climate variability, land use types and the vegetation cover are some of the key factors
for assessing SMB variability across different ecosystem types along the large
geographical area (Singh and Gupta, 2018). The variation in the quantity and quality of
substrate (Organic C and N) inputs caused by varying plant residues types (litter and
fine roots) is associated with nutrient specificity and can be crucial drivers influencing
the SMB across the ecosystem types. Accordingly, the higher SMB in soil of some
particular ecosystem having vegetation cover with giant plant species is due to the
greater availability of organic substances. The persistence and fewer distributed
ecosystem had higher SMB values than the most disturbed one as reported by Wardle
(1998), which indicates that temporal SMB variability is exclusively governed by the
dominant vegetation. Therefore, it has been suggested that the forest ecosystem having
insignificant disturbances may have higher SMB pool as compares to other disturbed
areas soil. In addition, Zhang et al. (2016) demonstrated that shifts in plant species
composition during the influence the microbial community composition dynamics and
SMB by changing soil organic nutrient content. Though nutrient status, seasonality,
temperature, soil and other factors are being play an important role in controlling of dry
tropical forest ecosystem. The SMB pool may be one of the vital factors affecting
output in the tropical dry deciduous forests, as experiences in the Vindhyan plateau
(Singh et al., 2010). For Indian point of view, the previous studies concerning SMB

across the tropical dry deciduous forest ecosystems have been conducted in one or the
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other sites on a temporal scale, and without deciphering differences in SMB status and
its role in distribution and variations of the dominant vegetation composition (Singh and

Gupta, 2018).

In nutrient poor ecosystems, the SMB acts as the major reservoir of essential
nutrients, and plays very important role in the plant growth (Vimal et al., 2017; Singh et
al., 2018). In the dry tropical deciduous forest ecosystem, nutrient withdraw from the
decaying leaves and undergo immobilization in the SMB pool, has been considered as
the nutrient assimilating adjustments in response to nutrient scarcity, and thus SMB
constitutes available nutrient source for the survival and growth of various plant
communities (Singh et al., 2010; Singh, 2015; Singh and Gupta, 2018). Thakur et al.
(2015), explained that plant diversity is a key component in controlling of SMB pool,
therefore, any variation in the soil physico-chemical properties due to forest clearing
may have significant impact on stability of SMB and its turnover rates (Singh and
Gupta, 2018). Since, the deforestation is a common practice among human beings for
the generation of managed agricultural land use systems; however, afforestation has
resulted into establishment of SMB pool in soil due to the regain status of soil nutrients
via decomposition of litter residues (Singh et al., 2010). The elevated level of
agricultural land expansion enhances deforestation and consequently causing

disturbances in SMB trends in soil (Singh and Gupta, 2018).

The SMB pool is more helpful in estimation of most satisfactory primary
productivity of any restored degraded land system (Do Couto et al., 2016).
Consequently, the ratio of SMB to the total organic nutrients present in soil may be
considered as a reliable parameter for the success of degraded land rehabilitation. The

re-established SMB status in soil and its dynamics under prevailing environmental
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drivers may provide available information about the restoration progress and

productivity potential for agricultural purposes (Singh and Gupta, 2018).

Rainfall may causes osmotic stress in microbial cells and promote cell lysis,
resulting in the release of essential soil nutrients (Wardle, 1998; Yang et al., 2008) that
become available to the soil micro-biota and various plants (Singh et al. 1989). The
ecosystems at higher elevation favour the growth of microorganisms as the higher
amounts of precipitation result into high level of plant biomass. In India, the MBC
content in undistributed tropical forest soil is found higher as compared with savannah
and grassland soils (Singh et al., 2010). It is reported that the disturbed region, which
may have the result of nutrient release from dead SMB and the decomposition of leaf
litter and litter, plays a crucial role in the tropical and sub-tropical ecosystems as they
are mainly involved in providing both a short term supply of nutrients and substrate for
synthesis of SOM in the long-term supply of nutrients (Fernandes et al., 1997). The
ecosystem having less disturbances may have higher level of SMB content in the soil if

the soil is not intervened by natural or anthropogenic activities.

2.12 Methanotrophs

Methanotrophs are cosmopolitan in their occurrence and are well known for
oxidation of potent greenhouse gas methane (CHy4) in various upland soil ecosystems
(Singh and Strong, 2016). Diverse methanotrophs genera reported from various types of
ecosystems are shown in Fig. 4. In order to metabolize their growth substrate, the
methanotrophs synthesize both particulate and soluble forms of methane
monooxygenases (MMOs), which exhibit ability to co-metabolize diverse types of
hydrocarbons and halogenated toxic compounds. The significant pollutants like heavy
metals, petroleum hydrocarbons and trichloroethylene (TCE) are known to be easily

degraded by application of methanotrophs (Shukla et al., 2009; Jiang et al., 2010).
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Methanotrophs are an efficient and unique bioremediation tool to decontaminate the
polluted sites.

The major challenge before the researchers has been to enhance the activity of
microorganisms and develop means to bring the contaminant into direct contact with
these microorganisms to achieve an optimal efficiency of bioremediation (Singh, 2015).
The ever expanding horizons of biotechnology offers an effective tool to overcome
many metabolic limitations in the microorganisms which can be exploited to achieve
the desired changes in the microorganisms and stimulate the specific activity of
indigenous or introduced microorganisms (Singh et al., 2014).

The various types of methanotrophs with potential to contribute in

bioremediation process are given in Figure 2.4

Figure 2.4 Types of methanotrophs reported from various types of ecosystems
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Figure 2.5 A proposed diagram with different factors that can enhance the in-situ
bioremediation by methanotrophs

The MMO is known to exist in at least two forms. One form, the pMMO is
found in most known aerobic methanotrophs as well as M. oxyfera and is located in the
cytoplasmic membrane (Semrau et al., 2010). Another form, the soluble methane
monooxygenase (SMMO) is found in some aerobic methanotrophs and is located in the
cytoplasm (Semrau et al., 2010). A great majority of the methanotrophs are known to
produce particulate methane-monooxygenase (pMMO) except few strains. The
Methylcella palustris -a known producer of soluble methane-monooxygenase (sMMO),
capable of oxidizing a wider range of organic compounds including aliphatic, aromatic
hydrocarbons and their halogenated derivatives (Trotsenko and Murrell, 2008). Thus,
sMMO-containing methanotrophs exhibit ability to utilize a relatively broad range of
substrates for their growth (Shigematsu et al., 1999) and show faster pollutant turnover
kinetics i.e., a fast decline in the pollutants than that observed in pMMO-producing
methanotrophs. On the contrary, pMMO works on a very narrow spectrum of carbon
substrate (alkanes and alkenes). Further, it has been observed that the MMO is not

constitutively present in all the methanotrophic bacteria. The type-1I methanotrophs of
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the genus Methylobacter dominate the methane-oxidizing flora of Mono Lake, but
molecular signals (pmoA amplicons) that were found in type-II methanotrophs of the
Methylocystis genus (Lin et al., 2005) is considered to have come from conjugative
transfer of DNA between Gammaproteobacteria and Methylobacter. However, type-I
methanotrophs have the Calvin—Benson—Bassham pathway of C assimilation, while the
genome of Methylobactor has annotation for the serine pathway, a feature of type-II
methanotrophs of the Alphaproteobacteria. In the absence of natural substrate, the
conditions existing in some of the specific ecosystems appear to favour the growth of
type-1I methanotrophs (Lee et al., 2006), which synthesize methane monooxygenase
(MMO) enzyme, which can easily mediate the rapid degradation of low-molecular-
weight halogenated hydrocarbons like TCE and some other (Shukla et al., 2009). Very
recently it has been demonstrated that the facultative methanotrophy and utility of
methanotrophs is very useful in biodegradation of several organic pollutants (Im and
Semrau, 2011). A summary of the current genera of methanotrophs known to synthesize
MMGOs, responsible for bioremediation of diverse inorganic and organic pollutants is

presented in Fig. 2.5.

Methanotrophs containing pMMO

Methylocapsa, Methylocystis, Methylosinus,
Methylobacter, Methylocaldum,
Methylococcus, Methylohalobius,
Methylomicrobium, Methylomonas,
Methylosarcina, Methylosoma,
Methylosphaera, Methylothermus,

Methane monooxygenase Methylovulum, Methylomirabilis,
(MMOs) enzyme containing Methylacidiphilum, etc.
methanotrophs

Methanotrophs containing sSMMO
Methylocella*, Methyloferula, Methylosinus
Methylococcus, Methylovulum, etc.

Figure 2.6 Distribution of pMMO and sMMO among different know methanotrophic

genera. *Some Methylocella spp. expresses SMMO exclusively.
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It is now well established fact that both the sMMO and pMMO are involved in
the degradation of halogenated hydrocarbons and have potential application in
environment and human health (Bolt, 2005; Scott and Chiu, 2006). In contrast to other
microbes that are recognized to degrade halogenated hydrocarbons via reductive
pathways (Maymo-Gatell et al., 1999), the biodegradation of chlorinated hydrocarbons
by methanotrophs occurs under aerobic condition mediated by an oxidative process
(Lontoh et al., 2000). The oxidative biodegradation carried out by MMOs is apparently
more significant than the reductive dehalogenation of chlorinated ethenes, such as TCE
and tetrachloroethylene, which often results into accumulation of several toxic
intermediates, e.g., vinyl chloride, a known potent carcinogen (Maymo-Gatell et al.,
1999). The MMOs mediated oxidative mechanisms of degradation of halogenated
compounds by the methanotrophs does not accumulate hazardous intermediates
(McCue et al., 2002). Thus, the applicability of methanotrophic degradation of
halogenated hydrocarbons for in-situ bioremediation of contaminated ecosystems can
be a major focus of the future studies. The role of different methanotrophic MMOs in

bioremediation of inorganic and organic pollutants is shown in Fig. 2.6.

Methanotrophic bacteria (MB) also have considerable potential for their
application in bioremediation due to the amenability of these bacteria for large-scale
cultivation (Semrau et al., 2010; Overland et al., 2010; Pandey et al., 2014). It has been
suggested that methanotrophs influence the speciation and bioavailability of metals in
the environment (Choi et al., 2006). Hasin et al. (2010) as observed in case of
transformation of soluble and more toxic Cr (VI) into a less toxic Cr(III) species, which
is insoluble and therefore, tends to get precipitated at high pH. There is a possibility of
reverse methanogenesis by methanotrophs, where anaerobic methane oxidation can be

coupled to iron or manganese reduction due to co-metabolic activity of Archaea and
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methanotrophic bacteria. It is still not clear, how methane oxidation is coupled to metal
reduction process. The flexibility in survival of methanotrophs confers them added
advantage and makes them an ideal tool for remediation of hazardous environmental
wastes under a diverse range of habitats (i.e., terrestrial, marine, Arctic and Antarctic

Polar Regions).

2.13 Methanotrophs in heavy metal remediation

The relevance of reducing the heavy metal toxicity by methanotrophs is
associated with Cu-containing protein molecule present in methanotrophs which can
work even in the typically distinct microaerophilic zones. In such locations, intense
redox cycling leads to active precipitation of Mn and Fe oxides (Ferris et al., 1999). The
CH, oxidation requires presence of Cu (due to its high reactivity), which, in turn,
demands a strong intracellular Cu defense system. The molecular carrier for Cu,
termed as methanobactin (mb) - a 1216-Da fluorescent metal binding chromo-peptide
(Kim et al. 2004), confers protection to the cells both from external and internal Cu
toxicity. The study of Knapp et al. (2007) provided a strong evidence about the mb
mediated Cu release from the mineral stage, which changes the availability of Cu and
allows pMMO gene expression in methanotrophs. Therefore, mb might be particularly
critical for ecological succession of methanotrophs in such metal polluted environments
where mb like proteins allow the selective acquisition of Cu, while protecting the

methanotrophs against other similar potentially toxic metals.

By using microorganism based bioremediation of heavy metals, highly toxic and
soluble form of Cr(VI), produced from metal plating, tanning, paper making industries
(Zayed and Terry, 2003; Hasin et al., 2010) is detoxified by transforming the metal to

less toxic and less soluble form of Cr (III). Hasin et al. (2010) reported a well
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characterized model of methanotrophs Methylococcus capsulatus (Bath), capable of
bioremediation of chromium (VI) pollution over a wide range of concentrations (1.4-
1000 mg L' of Cr®). The genome sequence of M. capsulatus (Bath) suggested at least
five genes for the chromium (VI) reductase activity in this bacterium. Thus, the use of
methanotrophic bacteria in remediation of such toxic heavy metals from the
contaminated sites could be an emerging innovative tool, offering a more eco-friendly,

low cost sustainable technology for bioremediation.

Chloroform, dichloroethene,
trichloroethylene,
tetrachloroethene,

hydrochlorofluorocarbons, vinyl
chloride, etc.

\. J
r )

Degradation of
halogenated
aliphatics

Alkanes, alkenes, alicyclic
hydrocarbons,
aromatic compounds, etc.

Transformation of
hydrocarbons
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Figure 2.7 Role of different methanotrophic MMOs enzymes in bioremediation of
inorganic and organic pollutants

2.14 Methanotrophs in halogenated hydrocarbon remediation

The pollution of natural environment like groundwater and soil by halogenated
hydrocarbons has become a serious ecological problem (Kikuchi et al., 2002; Takeuch
et al., 2005). Low-molecular-weight halogenated hydrocarbons are susceptible to
degradation by anaerobic and aerobic bacteria as described by Hanson et al. (1990).
Methanotrophic bacterium Methylosinus trichosporium 0B3b degrades TCE more
rapidly than other bacteria and a correlation between the synthesis of sMMO and TCE
biodegradation was confirmed. The chlorinated ethenes are synthetic compounds with

no recognized natural sources and are commonly applied in diverse business practices
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including degreasing operations, dry cleaning, dying, textile production, etc. (Bakke et
al., 2007). The reductive anaerobic bioremediation of chlorinated hydrocarbons, for
example tetrachloroethylene to ethene through TCE, dichloroethylene (DCE), and vinyl
chloride (VC) as intermediates, has been known for some time (Maymo-Gatell et al.,
1999). However, in-situ application of anaerobic bio-dechlorination has been imperfect
as this process does not result in complete dechlorination in the presence of sulfate due
to metabolic competition with the sulfate reducing bacteria for hydrogen. Thus,
incomplete dechlorination leads to accumulation of TCE, cis-dichloroethylene (c-DCE),

trans-dichloroethylene (t-DCE) and VC (Maymo-Gatell et al., 1999).

There have been dearth of information on aerobic bacterial strains that can
consume halogenated hydrocarbons such as chlorinated ethenes as growth substrates
(Verce et al., 2000; Coleman et al., 2002) or co-metabolize these toxic compounds
(Futamata et al., 2001). In rhizosphere soils of vascular plants contaminated with a
variety of chemicals, including TCE showed significantly higher number of

methanotrophic bacteria (Brigmon et al., 1999).

Methanotrophic bacteria are one of those groups of microbes which are capable
to degrade the hazardous compounds via co-oxidation. Due to their omnipresence in
diverse environment, these bacteria have been widely applied for cleaning the sites
contaminated with chlorinated ethenes (Hanson and Hanson, 1996; Semrau et al.,
2010). Due to capability of methanotrophs to degrade a wide variety of potential
pollutants including halogenated hydrocarbons has encouraged the workers to study
their potential applications in bioremediation (Nikiema et al., 2005; Lee et al., 2006).
Application of high levels of bio-stimulating substances could cause other problems
with environmental pollutants due to their interaction with organic compounds. In

contrast, methanotrophs induce the MMO involved in TCE degradation only in the
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presence of CH4 (Takeuchi et al., 2005; Shukla et al., 2009). Since the CH4 is one of the
natural end products of anaerobic microbial processes it should not cause environmental
problems at the levels of bioremediation of organic contaminants. Due to all the
required considerations and precautions, in-situ stimulated bioremediation by
augmenting the methanotrophic populations is under way in many laboratories (Pfiffner

et al., 1997; Iwamoto et al., 2000).

An increase in the population of indigenous methanotrophs due to addition of
nutrients and methane gas to a sand column demonstrated that that the TCE was
degraded to carbon dioxide (Wilson and Wilson, 1985). The abundance of
methanotrophs in the TCE contaminated aquifers in a natural gas field implied that the
coarse sand stratum plays an important role for in-sifu bioremediation (Takeuchi et al.,
2001). Expanding this idea of in-situ bioremediation, additional considerations for
selection of microbes as well as suitable habitat are the primary requirement for
successful bioremediation of toxic compounds. The diversity of the methanotrophic
community involved in degradation of TCE from non-contaminated environment
provides an indication of the in-situ bioremediation potential of natural soil
environments (Newby et al., 2004; Erwin et al., 2005).

Lindane contaminated soils cause potentially serious problems to surface and
ground water quality, especially when its concentration is high due to unwarranted
spills or discharges. It is still considered to be a serious threat to the environment due to
its persistent nature in environment and its potential to bio-accumulate in the food
chain. Though the y-HCH is bio-degradable, but higher concentrations are inhibitory to
the degradation potential of applied microbes (Abhilash et al., 2008). A significant
increase in the population densities of methanotrophs in the soil contaminated by v-

HCH indicated the survival capacity of these microbes against the insecticide lindane.
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A possible way to improve the bioremediation efficiency is possible through application
of native methanotrophic bacteria adapted to the contaminated site. Slow-release bio-
augmentation approach, using encapsulated Sphingomonas sp. cells, for the
biodegradation of lindane in laboratory condition has also been used. Therefore,
bioremediation based on methanotrophic bacteria might be an emerging tool and has
been receiving more attention as an eco-friendly and efficient means of lindane
remediation (Mertens et al., 2005). There is need for further improvement in the
technology in order to achieve a reliable bio-augmentation technology for
bioremediation of lindane contaminated sites. Emphasis should be laid on the enhanced
effort to screen for more indigenous methanotrophic population and appropriate

inoculation practice to optimize the technology.
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CHAPTER 3

STUDY SITES AND SOIL SAMPLING

3.1 Geographical location and weather conditions of study sites

In present study, two study regions namely Lucknow and Renukoot
(Sonebhadra district) located in Uttar Pradesh state of India, were considered. The six
sampling sites distributed in Lucknow and Renukoot districts of Uttar Pradesh, India
are mentioned in Table 3.1

Table 3.1 Different study sites of Lucknow and Renukoot region.

Study sites Coordinates

Lucknow region

1. S1 (IPL Chinhat) Latitude: 26°54'50.54"N; Longitude: 81° 4'7.58"E
2. S2 (Chakhar village) Latitude: 26°54'50.23"N; Longitude: 81° 4'4.48"E
3. S3 (Maati village) Latitude: 26°54'51.11"N; Longitude: 81° 4'3.05"E
Renukoot region

4. S4 (Adjacent to Latitude: 24°12'8.93"N; Longitude: 83° 2'53.68"E

ABCIL)
5. S5 (Sheo Park Bazar) Latitude: 24°12'16.99"N; Longitude: 83° 2'48.95"E

6. S6 (Donki Nala) Latitude: 24°12'18.11"N; Longitude: 83° 3'18.08"E

3.1.1 Lucknow region

The Lucknow, a large city in northern India, is the capital of the state of Uttar
Pradesh. The city stands at an elevation of approximately 123 metres above sea
level. Lucknow is situated on 26.30 & 27.10 North latitude and 80.30 & 81.13 East
longitude. Lucknow covers an area of 3,244 km?. Situated in the middle of the Indus-
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Gangetic Plain, the Lucknow city is surrounded by rural towns and villages. The
Lucknow district is surrounded on the eastern side by district Barabanki, on the western
side by district Unnao, on the southern side by Raebareli and on the northern side by
Sitapur and Hardoi districts. It has been listed as the 17" fastest growing city in India
and 74"™ in the world. The Gomti River, Lucknow's chief geographical feature,

meanders through the city and divides it into the Trans-Gomti and Cis-Gomti regions.

Lucknow has been considered as a land locked city. The distance from the ocean
gives Lucknow an extreme type of continental climate with the prevalence of
continental air in major portion of the year. The 4 months (June to September) does the
air of sea origin travels to this region and causes humidity, cloudiness and precipitation.
About 75 % of the total rainfall in the area is realized during June to September. The
whole year can be broadly divided in to four seasons. The winter (December —
February), summer (first fortnight of June — till September) and rainy (two post
monsoon months of October and November). The summers in Lucknow are extremely
hot and winters incredibly cold. The temperature may go up to about 45 °C or higher in
summers, however the average temperature is experienced around 39-40 °C. Although
the winters are not resentfully cold on most of the days, the temperature may drop to 2-
3 °C for a few days in winters when the cold waves from the Himalayan region moves
towards plains. The winter experiences dense fog in the mornings and sometimes
visibility are too reduced to driving. Fog is quite common from mid-December to late
January. Lucknow has a humid subtropical climate with cool, dry winters from mid-
November to February and dry hot summers with thunderstorms from late March to
June. The summer months (May to June) are extremely hot and winters (December and

January) are extremely cold. The rainy season (July to September) experiences and gets
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an average rainfall of 896.2 millimetres from the south-west monsoon winds, and

occasionally little rainfall in January.

In Lucknow, the India Pesticide Pvt. Ltd (IPL) was established in 1992, with an
installed capacity of lindane (technical) production of 25 metric ton (MT) per month
(300 MT per annum). Apart from lindane production, the industry has also in-house
formulation facility for producing various lindane formulations. The IPL utilizes its full
production capacity and produces 300 MT/annum of lindane. Well known products of
the IPL are captan, folpet, thiram, ziram, monocrotophos, gamma benzene hexachloride

(y-HCH), tolnaftate, dye intermediates, etc.

The IPL claims about having all necessary clearances and pollution abatement
measures as per the environmental protection law. However, still today it can be seen
that muck yard situated adjacent to the industry and illegal “muck” dumps in nearby
villages, shows the gross violations of environmental laws by this industry. According
to the current people residing the nearby area and villages, IPL dumped all its “muck”
in a deep pit at a village called Chakhar situated right behind the main IPL factory. But
after few years due to complaints regarding intolerable smell and mysterious deaths of
cattles which used to grazed in the lindane contaminated area, IPL had to change the
location of its dumping sites. During the last few years, a low-lying area in a village
called Ummaria, about 20 km away from the IPL, has been selected on leased from a
local people to dispose of and dumping the “muck”. Even though the peoples of the
area have protested against such illegal dumping of wastes, the combined power of the
IPL and the landholders has been forced to accept and permit these toxic waste deposits

in their village.
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3.1.2 Renukoot region

The Renukoot region, situated in Sonebhadra district (area 6,788 km?) of Uttar
Pradesh was also selected for present study. The Sonebhadra is the second largest
district of Utter Pradesh (India), previously a part of southern Mirzapur. It is bounded
by Mirzapur, district in the northwest, Chandauli district in the north, Bihar state to the
northeast, Jharkhand state to the southeast, Chhatisgarh state to the south and Madhya
Pradesh state to west. The Renukoot area is commonly called as “Sonaghati” (golden
valley) due to the richness of minerals, rocks and its natural resources. Red coloured
and fine textured sandstone (Dhandraul orthoquartzite) is the most important rock of the
region. The Sonbhadra district is called the power capital of India, as the region has
many electrical and thermal power plants. Thermal power project is located in Anpara,
Obra, Renusager and Pipri. The potential natural vegetation of the Renukoot region is
tropical dry deciduous forest and exhibits various xerophytic characters. The soil, which
is completely exposed during summer season, bears a beautiful canopy of green plants

in rainy season, belong to diverse taxa.

The Renukoot region experiences a semi arid type of climate, with three seasons
in a year, i.e. summer (March to June), rainy (July to October) and winter (November to
February). The maximum monthly temperature varies from 21 - 45 °C during the year
from January to June. One of the characteristic features of the climate of Renukoot,
Sonebhadra is the extreme months of winters and summers. The average temperature
starts increasing from March and notice the peak during May and June while coldest
month was January with yearly average minimum temperature as 8.9 °C while May-

June was the hottest months with average maximum temperature of 44.7 °C.
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The Aditya Birla Chemicals India Ltd. (ABCIL) [formerly known as Kannoria
Chemicals & Industries Ltd. (KCIL)], located on the northern bank of Rihand river, is
mainly a Chlor Alkali plant producing caustic soda using mercury cell technology,
which was set up in 1964 in technical collaboration with Kerbs & Co A.G. of
Switzerland to produce 16,500 tonnes annually of caustic soda. In 1993, a lindane
(technical) plant was commissioned to utilise chlorine produced as a by-product of the
caustic soda process. Initial capacity of the lindane plant was 600 tonnes annually,
which was expanded to its present capacity of 1000 tonnes annually in 1995.
Subsequently, various formulations of lindane were added to the production capacity of
the plant. The ABCIL discharges its “treated” effluents to nearby area and mainly into
the Donki Nala (rain water drain), which further meet the Gobind Sagar Dam or the
Rihand Dam, about 1.5 km from the factory. There are villages and forests within 500

meters of the factory where wastes are dumped illegally by the factory.

The six sampling sites distributed in Lucknow and Renukoot Region districts of
Uttar Pradesh, India have been shown in Figure 3.1 In Lucknow region three sites
namely i) IPL Chinhat (S1), i1) Chakhar (S2) situated right behind the IPL nearby
village and 1ii) Maati village (S3) adjacent to IPL. We also selected three sites in
Renukoot region namely djacent to ABCIL (S4), ii) Sheo Park Bazar (S5) and iii)

Donki Nala (S6).
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Figure 3.1 Location of selected study sites (S1, S2, S3, S4, S5 and S6) distributed in
Lucknow and Renukoot region of Uttar Pradesh, Northern India.

3.2 Soil sampling

For the present study the soil samples were collected randomly in triplicate at
depth of 0-20 cm from selected sites situated in Lucknow (S1, S2 and S3) and Renukoot
region (S4, S5 and S6) Figure 3.2 The collected soil samples were wrapped in
aluminium foil and put in sterilized plastic zipped air tight polythene bags and
transported to the laboratory in an ice box and immediately stored at 4°C for further
processing of physico-chemical, estimation of lindane and other residues of
hexachlorocyclohexane and further explore the soil microbial biomass methanotrophs

community composition from the selected study sites.
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Figure 3.2 Collection of soil samples from six selected sites from Lucknow and

Renukoot region, Uttar Pradesh, India.
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CHAPTER 4

SOIL PHYSICO-CHEMICAL PROPERTIES AND LINDANE
RESIDUES

4.1 Introduction

The physico-chemical properties of soil are directly correlated with the
interaction of various soil formation biotic and abiotic factors. The various soil physico-
chemical characteristics of soils vary in space and time due to variation in topography,
climate, physical weathering processes, vegetation cover, microbial activities and
several other biotic and abiotic drivers (Paudel and Sah, 2003). The properties of soils
along with its abiotic and biotic factors play an important role in agriculture
productivity (Ahire et al., 2013). The deterioration of soil physico-chemical properties
occurred due land uses, addition of pollutants, deforestation and addition of chemicals
(Sumithra et al., 2013). The changes in soil physico-chemical properties may negatively
impact the growth of plant and crop yields (Jha and Singh, 1991). The industrialization
and development in agriculture are necessary for development, but is should be
sustainable in nature. During the last few years, effects of urbanization along a rural-
urban development on soil microbial diversity and its impact on physico-chemical
properties have been investigated in India (Rai et al., 2018). The biological properties of
soil too directly affect the crop productivity and yields. In order to enhance the crop
yield, farmers are continuously using pesticides and chemical fertilizers in excess
amount, which causes serious soil contamination and other environmental problems.
Therefore, it is important to find out the viable option for the restoration and re-

establishment of soil productivity continuously facing the problems of soil degradation.

The organochlorine pesticides (OCPs) mainly include lindane, DDT, DDD,

endosulfan, kelthane, chlorobenzilate, chloropropylate, methoxychlor, aldrin, dieldrin,
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heptachlor, isodrin, isobenzan, endrin, chlordane, toxaphene, mirex and kepone. These
are synthetic chemicals used extensively to control the diseases of humans and domestic
animals caused by insects and mites. These chemicals cause great damage to
agricultural crops (Lal and Saxena, 1982). Lindane (gamma-1, 2, 3, 4, 5, 6,-
hexachlorocyclohexane; y-HCH) is an insecticide and fumigant which have been used
for the control of a wide range of soil-dwelling and plant eating (phytophagous) insects.
It is commonly used on a wide variety of crops, in 8 warehouses, in public health to
control insect-borne diseases and with fungicides for the seed treatment. Although
OCPs have a long history (over 30 years) of usage in India, very limited information is
available on the presence of OCP residues in the air, soil and water systems (Ali et al.,
2014; Sharma et al., 2014). Also, study of the status of OCPs in the soil of northern
India such as Lucknow and Renukoot region is lacking. The present study aimed to
monitor and determine the soil physico-chemical properties, concentration of HCH
isomers and OCPs in lindane contaminated sites of Lucknow and Renukoot region.

4.2 Materials and methods
4.2.1 Physico-chemical analyses of soil samples

The detailed description about study sites and collection of soil samples has
been described earlier in Chapter 3. In order to determine the physico-chemical
properties of soil such as temperature, pH, electrical conductivity (EC), total-C, -N and
-P were nalysed as per standard procedures.
4.2.1.1 Temperature
The temperature of soil is directly linked to the temperature of the atmosphere because
soil 1s an insulator for heat flowing between solid earth and the atmosphere.

Procedure

1. Cleaned the surface of the probe rod of the Thermometer.
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2. Inserted the probe rod of digital Thermometer into the soil up to 5-6 inches.
Note the temperature immediately
3. Washed the probe rod with distilled water.
4. Again inserted the probe rod into the soil and note the temperature.
5. Atleast 2-3 reading were taken per location
4.2.1.2 Soil pH
The pH meter with a range of 0-14 pH, pipette/dispenser, Beaker, Glass rod.
Reagents
Buffer solution (pH 4, 7 and 9) and deionized water
Procedure
1. Air dried soil for 1-4 days depending on the relative humidity and soil
properties. Then grind the air-dried soil to pass 2mm sieve and mix well.
2. Calibrated the pH meter, using buffers of pH 7.0, 4.0 and 9.2.
3. Weighed 10 g of air dried soil sample into 50 or 100ml beaker, add 20ml
deionised water.
4. Allowed the soil to deionised water without stirring and then thoroughly stir
for 10 second using a glass rod.
5. Stirred the suspension for 30 minutes and record the pH on the calibrated pH
meter.
4.2.1.3 Electrical conductivity
Electrical conductivity (EC) is expressed in units of milli-Siemens per meter
(mS/m). Soil EC measurements may also be reported in units of deci-Siemens per meter

(dS/m), which is equal to the reading in mS/m divided by 100.
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Apparatus

Electrical conductivity meter, Beakers (25 ml), Erlenmeyer flask (250 mL) and
Pipettes, Filter paper
Reagents

0.01M Potassium chloride solution: Dried potassium chloride at 60 °C for two
hours. weighed 0.7456 g of it and dissolve in distilled water and make the volume to
one litre. This solution gives an electrical conductivity of 1.412 mS/cm at 25 °C.
Procedure

1. Take 20 g of soil into 50 ml Erlenmeyer flask, add 40 ml of distilled water,
stirred well the flask and filtered through Whatman No. 1 filter paper. The
filtrate kept for the measurement of conductivity.

2. Washed the conductivity electrode with distilled water and rinsed with
standard KCI solution.

3. Calibrated the EC meter with KCl solution into a 25 ml beaker and dip the
electrode into the solution and adjust the conductivity meter to read 1.412
mS/cm

4. Washed the electrode and dip it in the soil extract.

5. The reading in mS/cm of electrical conductivity is the measure of the soluble
salt content in the extract, and an indication of salinity status of the soil. The
conductivity can also be expressed as m mhos/cm

4.2.1.4 Estimation of total organic carbon (ug g™ soil)

Organic carbon in the soil sample was estimated by rapid dichromate oxidation

method as described by Walkey and Black (1964). The detailed steps are as follows:

1. About 0.50 g of soil samples (passed through 0.2 mm sieve) was taken in

500 mL conical flask was kept on asbestos sheet.
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ii.  Added 10 mL of 1N K,Cr,0O7in flask and gently swirled. The flask was

kept in asbestos sheet.

iii.  Added 250 mL of conc. H,SO4 (containing 1.25% AgSOs) very carefully
from a measuring cylinder. Gently swirled few times. kept this flask for 30

minutes and protects from droughts

iv. Added 20 mL of diphenylamine indicator and titrated with ferrous
ammonium sulphate till the colour flashes from blue violet to green.

Similarly control was run without soil
v.  The data was computed as formula mentioned below

Organic C (%) = 10(B-T)/Bx0.003x100/S
Where
B = Volume of ferrous ammonium sulphate required for blank titration in

mL
T = Volume of ferrous ammonium sulphate required for soil sample in mL
S = Weight of soil in g

4.2.1.5 Estimation of soil total nitrogen (ng g soil)

Total-N was estimated by potassium permanganate method by Subbaih and

Asija,1956. The detailed steps are given below.

1. Taken 20 g of soil sample in 800 mL Kjeldal flask, added 20 mL of water 100

mL of 0.32% KMNOy and 100 mL of 2.5% NaOH solution

1. The excess frothing during heating was prevented by adding few glass beads.
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1il.

1v.

V1.

The digested product was collected in a flask containing 20 mL boric acid and

indicator solution.

With the absorption of NH; gas the pinkish colour boric acid solution turns to

green.
Nearly 100 mL of distillate was collected and titrated with 0.02 N H,SO4
The blank correction (without soil) was made for final calculation.

Total N (ppm) = (A-B) x Nx 14x10*/W

Total N (%) = N in ppm/10,000

Available N (Kg/ha) =N (%) x 22500

Where, A = Volume of H,SO4 Consumed for blank in mL
B = Volume of H,SO4 Consumed for soil sample in mL
N= Normality of H,SO4

W = Weight of soil sample

4.2.1.6 Estimation of soil total phosphorous (ng g'1 soil)

Total-P in soil was estimated by Olsen method (Olsen et al., 1954). The steps are

mentioned below:

1.

11.

1il.

1v.

Added 2.5 g of soil sample in 50 mL of extracting solution (NaHCOs3) in 250
mL conical flask.

Flask shaken with magnetic shaker and filter suspension with Whatman filter
paper No. 4.

Added activated Carbon (free of P) to obtain clear filtrate.

Shaken the flask immediately before pouring the suspension into the funnel.
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V. Taken the 5 mL of extract into 25 mL volumetric flask and added 5 mL of
Dickman and Brays reagent drop by drop with constant shaking till the
effervescence stopped

vi. The neck of the flask was washed and contents were diluted to about 22 mL (if
pH is less than 5.0 then acidify with SNH,SO4 to pH 5)

vii.  The colour was stable for 24 h and the maximum intensity was obtained in about
10 minutes.

viii.  The data was calculated with the formula below.

Oslen P (Kg/ha) = RxV/vx1/Sx2.24x10%/10°

Where, V= Total volume of extract

V= volume of aliquots taken for analysis

S= Weight of soil

R= Weight of P in the aliquots in pg (from standard curve).

4.2.2 Extraction and cleanup of collected soil samples for lindane residues analyses

4.2.2.1 Chemicals and reagents
All the chemicals and reagents used in present study were of analytical reagent
(AR) grade. Individual standard of o-HCH, B-HCH, y-HCH, 6-HCH, Aldrin o-
endosulfan, PPP-DDD, OP-DDT, PP-DDT were purchased from Sigma Aldrich (India).
All the used solvents; acetone, dichloromethane, n-hexane, ethyl acetate, petroleum
ether, sodium sulphate anhydrous were of HPLC grade and purchased from Merck Pvt.
Ltd. India. Pre activated alumina was procured from Hi-media, India.
The extraction and analysis of soil samples was carried out by the method
described by Concha-Grana et al. (2006). An amount of 1.0 g each of soil samples (in
triplicate), collected from selected sites was extracted in 20 mL of solvent consisting of

hexane: acetone (1:1, v/v) sonicate (Digital ultra Sonicator model: LMUC 4 Labman
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scientific instrument) for 5 minutes with 30 second of interval at a power of 6 Watt. The
extract was centrifuged at 2000 x g for 2 minutes to obtain the clear solvent phase.
Further, it was dried using rotatory evaporator (IKA RV 10.) and the resulting HCH
residues were dissolved in appropriate volumes of hexane. This was passed through pre
activated alumina and anhydrous sodium sulphate column (10 cm length 2 cm internal
diameter) and eluted it with 20 mL hexane. Dried the filtrate in rotatory evaporator and
subsequently dissolved in hexane and analysed using GC (Agilent 7890A, USA) and
GC-MS/MS (Trace GC Ultra TSQ Quantum XLS, Thermo Fisher Scientific).
Efficiency of extraction procedure was examined by recovery experiments conducted
with spiked soil samples in triplicate. Uncontaminated garden soil sample (1 g) was
spiked with HCH isomers at a concentration level of 200 pug g™ soil and extracted by
the same method. The same spiked soil served as the blank and processed along the

samples.
4.2.2.2 GC analyses for separation of organochlorine pesticides

Gas chromatograph (Agilent, USA) was employed for all sample analyses. The
system was equipped with electron capture detector (WECD) and an auto sampler.
Analytes were separated on a DB-5, 30 m 0.25 mm 0.25 um column (Agilent, USA).
The carrier gas was nitrogen at a flow rate of 1.0 mL minute”. The column was
connected to the electron capture detector (WECD). The ECD was maintained at 300° C,
respectively. Nitrogen was the makeup gas for the ECD (30 mL minute™). The oven
temperature were programmed as initially at 170 °C held 1 minute, increased at the rate
of 5°C to 220 °C which was held for 25 minutes, increase to 280 °C held for 5 minutes.
Injector port temperature was held at 250°C. Sample extract volumes of 2 uL were
injected in the split mode i.e. 20:1. HP Chemstation, gas chromatography software was

used for the instrument control, data acquisition and processing.
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4.2.2.3 GC-MS/MS analyses of extracted compounds

The 100 pL of sample extract was taken into 1.5 mL Eppendorf tube, to this 80
uL of methoxyamine hydrochloride and 100 pL. of BSTFA were added and then these
samples were kept in shaker (BRTH-100 and BR Biochem) at 65 °C and 1400 rpm
speed for 1 h. Samples were filtered through 0.22 u syringe filter after incubation. Then
the derivatized phase was transferred into GC-MS/MS vial. The GC-MS/MS was used
for the identification of different unknown components present in the sample fraction.
The sample was injected on DB-5MS (30 m x 0.25 mm ID, 0.25 pm film thickness)
column. Helium gas (99.999 %) was used as carrier gas at a constant flow rate of 1.2
mL minute” with split less mode, and 1pL of sample was injected in the GC-MS/MS
system. The injector port temperature was maintained at 150 °C and the mass transfer
line temperature was maintained at 290 °C. The oven temperature was programmed at
65 °C (hold for 2 minute), with an increase of 6 °C minute” to 230 °C, then 10 °C
minute” to 290°C, ending with a 20 minute” hold. The solvent delay was 6.5 minute
and the total GC-MS/MS running time was 55 minute with full scan mode. Various
components were identified by their retention time and based on MS library research
(NIST) has derived mass fragmentation pattern of all the fractions. GC-MS/MS method
was used to detect the chemical constituents present in all the unknown samples
4.3 Statistical analyses

The data generated from the present investigation are expressed as the mean of
three replicates + SE. All the observations from each selected sites were carried out in
triplicate to improve the analytical precision of the experimental data. To confirm the
variability of data obtained and validity of results, the data were subjected for the
statistical analysis using one way Analysis of Variance (ANOVA) by SPSS software

(IBM SPSS Statistics version 20). The correlation analysis was also performed to
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examine the relationship between soil physico-chemical properties, pesticide
concentrations, soil microbial biomass levels and methanotrophs.
4.4 Results and Discussion
4.4.1 Soil physico-chemical properties

The analysed data on soil physico-chemical characteristics of soil samples
collected from study sites are presented in Table 4.1. The results revealed that soil
samples collected from Lucknow and Renukoot are slightly acidic in nature with pH
values ranged from 6.1 to 6.9. The acidic nature of soils of present study regions could
be due the presence of high concentration of acidic organic residues and other organic
hydrocarbons in the soil (Manickam et al., 2010). The moisture content (%) for both the
study region varied from 2.77 to 6.90 % (Table 4.1). The electrical conductivity (EC)
was found between 305.2 to 676.6 uS cm'across the study sites. Across the study sites,
the total-C was found to be maximum (11, 250.5 pg g’ soil) in soil samples of
Renukoot region and minimum (6,105.2 pg g soil) in soils of Lucknow region.
Similarly, the total-N was measured maximum (705.6 ug g soil) at S5 (Renukoot site)
and minimum (500.5 pg g soil) at S1 (Lucknow site), respectively. Across study sites
the total-P was found minimum (567.5 pg g") at S1 and maximum (766.2 ug g'') at S5
respectively, Lucknow and Renukoot sites. The soil NHs-N content was found
maximum in S6 (17.2 £ 1.9 pug g'l) site of Renukoot region and minimum at S1 (6.8 £
0.83 pg g") site of Lucknow region. The higher total-C, -N and —P in the soils of
Renukoot region compared to Lucknow region could be because soils of Renukoot
region receives more plant litters via forest vegetation compared to Lucknow urban
area. Higher organic carbon and organic matter content due to the high influx of litter
and microbial activities is also suggested by earlier workers Mohn et al., 2006; Hitch

and Day (1992). The favourable conditions of soil factors at Renukoot sites may
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favours the greater microbial mediated decay and decomposition process and
consequently, a greater amount of organic and inorganic nutrients in soils of Renukoot
region, covered by dense forest vegetation might be expected. The results of FTIR
spectra of soil samples showed different surface characteristics and functional groups
from two different location of Uttar Pradesh, India as shown in Figure 4.1. The peak
observed at 3414.9 and 3448.7 cm’ are may be due to the O-H stretching and
deformation respectively assigned to the water adsorption at both the sites (Paknikar et
al., 2005; Massoud et al., 2017). The two prominent peaks were observed at 2933.2 and
2520.4 cm™ in Lucknow region, corresponding to C-H stretching whereas as no peaks

were observed at this region in Renukoot soil samples.
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Figure 4.1 IR- spectra (FTIR) of soil samples obtained from Lucknow and Renukoot

region.
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Table 4.1 Physico-chemical properties of HCH contaminated soil sample of Lucknow and Renukoot Region, Uttar Pradesh, India. The values

given are means of three replicates +SE.

Soil Lucknow Region Renukoot Region ANOVA (N=18)
parameters

S1 S2 S3 S4 S5 S6
Soil pH 6.3+0.26 6.9+0.31° 6.5+0.4° 6.1+0.098° 6.3+0.40° 6.4+0.17° F=2.05, P<0.01
Temperature 42.3+1.45° 39.5+1.52° 44.3+0.66° 46.2+0.57° 39.6+1.85° 43.6+1.45¢ F=4.15, P<0.02
°O)
Moisture content  2.77+0.39° 4.3340.35° 4.10+0.60° 6.86+0.076° 6.90+0.36° 6.06+0.56" F=4.47, P<0.01
(%)
EC (uS cm™) 316.549.46° 313.6+10.72° 305.2+13.22° 674.8+17.50° 676.6+15.89° 658.3+8.33% F=229.40, P<0.001
Total -C 6105.2£112.8°  6160.5£115.8°  6170.2+118.8°  11,060.24877.5° 11250.5+875.3°  11025+856.8°  F=828.75, P<0.001
(ng g soil)
Total-N 500.5+12.5° 500.8+10.3¢ 502.5+11.8¢ 700.8+12.8° 705.6£13.5° 630.4+12.7° F=154.23, P<0.001
(ng g soil)
Total-P 567.5+4.33° 569.243.78% 579.6+9.59" 651.5+16.74° 766.2417.02¢ 756.6:14.40°  F=125.45, P<0.001
(ng g soil)

Different letters indicate significant difference between treatments for each pesticide (P < 0.05).
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4.4.2 Lindane pesticide residues

The GC and GC-MS/MS analysis of collected soil samples showed that the
pesticides residues of HCH were found in collected soils of both the Lucknow and
Renukoot region. The results confirm the presence of HCH isomers and OCPs such as
a-HCH, B-HCH, y-HCH, Aldrin, PP-DDE, B- Endo, PP-DDD, OP- DDT and PP- DDT

in soil both the regions (Figure 4.2).
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Figure 4.2 GC chromatogram of soil samples collected from six different sites (S1 to

S6) of Lucknow and Renukoot region.

The HCH residues in soil samples in Lucknow region were found comparatively
higher concentration as compared to Renukoot region and varied significantly due to

sites (Table 4.2). Among the HCH isomers, the concentration of a-HCH and y-HCH
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were found higher in soil samples of Lucknow region and varied from 309.97 and
182.12 ug g soil, respectively. The p-HCH was highest (169.15 ug g soil) at S4
while lowest (5.93 + 1.05 pg g soil) at S5 site. The Aldrin was highest (0.02 pg g
soil) at S6 and lowest (0.006 pg g soil) in soil of S4 site. The low concentration of
pesticide residues in soils of Renukoot region compared to Lucknow region could be
low anthropogenic interference because of lesser dense human population and
agriculture activities. Further, the denser forest vegetation and greater soil microbial
diversities may be involved in bioremediation of these pesticides. The intensity of
pesticides biodegradation depends upon environmental factors, such as temperature,
soil type, pH, moisture and organic carbon content (Cousins et al., 1999; Afful et al.,
2010). It has been estimated that the degradation of DDT in soil ranges from 4 to 30
years, while other chlorinated OCPs may remain stable for many years after their use
(Doleman et al., 1990). The higher values of y-HCH in this study indicated that this
isomer is more persistent in environment due to low decay properties under aerobic
conditions (Loibner et al., 1998) and are more resistant to microbial degradation than
other HCH isomers. Further, in the present investigation, the overall results confirmed
the presence of B-endosulphan in soil samples of selected sites. In natural environment
B-isomers disappears faster as it has less half-life and perhaps that might be the reason it
was not detected in earlier studies (Sutherland et al., 2002). Apart from targeted OCPs,

some of the non-targeted OCPs of unknown impurities were also detected.
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Table 4.2. Residues of HCH and organochlorine pesticides detected in soil samples of study sites. The values given are means of three replicates

+SE.
Pesticides RT Lucknow Renukoot ANOVA
(ug g soil) (minutes) region region (N=18)

S1 S2 S3 S4 S5 S6

a —HCH 10.38 111.2545.69° 11.87+1.04° 309.97+6.93* 194.44+4.04° 1.10+0.22%  1.24+0.20° F=982.81, P<0.001
B -HCH 11.10 31.69+1.85%  51.9542.02° 98.10+6.68° 169.15£9.02° 5.93£1.05°  9.11+£0.67°  F=175.15, P<0.001
y-HCH 11.40 3.25+0.19b%  0.39+0.08°  182.12+9.69* 14.66+1.82°  0.1240.02°  0.22+0.04°  F=328.94, P<0.001
ALDRIN 16.16 ND ND 0.01£0.005*  0.006+0.003" 0.01+0.006*  0.02+0.005* F=3.418, P<0.005
PP-DDE 23.09 0.04+0.01*  0.01£0.005> ND ND ND ND F=10.510, P<0.002
B-ENDO 26.81 0.05+0.005°  0.03+0.01°  0.08+0.02° ND ND ND F=20.00, P<0.001
PP-DDD 27.65 0.09+0.008" ND 0.32+0.03° ND ND ND F=194.01, P<0.001
OP-DDT 28.18 0.07+0.01°  ND ND 0.0140.006°  ND ND F=13.286, P<0.001
PP-DDT 32.95 0.08£0.005°  0.08£0.01°  0.13£0.01°  0.01£0.006° ND ND F=51.950, P<0.001

RT=Retention time; S=site; ND=not detected; Different letters indicate significant difference between three replicates for each pesticide (P <

0.05).
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The results also showed that Folpet (fungicide) was also detected in soil of
Lucknow region (Figure 4.3). The Captan compound was also detected in soils of
Renukoot region. In Lucknow region on RT- 21.81, a-lindane and on RT 28.18 Captan,
on RT 28.35 Folpet was confirmed by GC-MS/MS and at Renukoot region on RT-
28.18 Captan was detected. All these results shows that the soil samples of sites S1 and

S2, S3 were also contaminated with the persistent organic pollutants.

52

Relalive Avundance
=

Felalve Abundance

R LI I L L L L L L O B
" c i iz A a 30 = ) & o

(T T (i)

A B

Figure 4.3 The GC-MS/MS chromatogram of soil samples collected from six different
study sites (S1 to S6) of Lucknow and Renukoot region.

4.5 Conclusions

The selected sites (S1 to S6) distributed in Lucknow and Renukoot region varied
significantly interms  of soil  physico-chemical properties (total-C, -N, -
P, moisture contents, pH, etc.), pesticides (HCH and OCPs) residues and SMB-C -N

and -P values. The soils of Lucknow region sites, having higher amount of pesticides
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residues, may reduces the SMB-C -N and -P quantity compared to sites of Renukoot
region. A higher litters and plant residues available at sites of Renukoot region due to
dense natural forest soil as compared to Lucknow urban region sites, may considerably
enhances the favourable soil conditions and therefore, a higher SMB-C, -N and -P
values at sites of Renukoot region might be expected. A negative correlation between
pesticides and SMB-C, -N and —P suggest that higher HCH and OCPs present in soil
may adversely influence the growth and multiplication of microbial diversity. The
results of this study strongly confirm that variations in soil physico-chemical properties
and HCH and OCPs residues may significantly affect the SMB-C, -N and —P
compositions. Therefore, removal of lethal HCH and OCPs residues from soils via
bioremediation/phytoremediation can be a viable and eco-friendly soil management
practice to improve the beneficial species of soil microbial communities and biomass
which may consequently support the soil, agriculture and environmental sustainability.
This study suggests that continuous routine assessment and monitoring of HCH, OCPs
and other lethal pesticides in the Lucknow, Renukoot and other regions is essential for
the control, prevention and to minimize contamination and health risk of concerned

people.
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CHAPTER 5

METHANOTROPHS COMPOSITION AND SOIL MICROBIAL
BIOMASS -C, -N & -P FROM LINDANE CONTAMINATED SITES

5.1 Introduction

The methanotrophs, aerobic bacteria, are considered as important regulators of
atmospheric CHj fluxes (Tiwari et al., 2018). Methanotrophs are subgroup of
methylotrophs, and generally characterized by their ability to use methane as their
source of carbon and energy (Hanson and Hanson, 1996). The methane monooxygenase
(MMO) is the main methanotrophic enzyme which occurs as both particulate (pMMO)
and soluble (sMMO) forms. Generally, the pmoA gene encodes the a-subunit of pMMO
enzyme and is listed in the genome majority of known methanotrophs except
Methylocella and Methyloferula (Dedysh et al. 2000). Based on morphologies,
physiologies, and phylogenies, the proteobacterial methanotrophs can be further divided
into type 1 (y-Proteobacteria, families Methylococcaeae and Methylothermaceae) and
type Il (a-Proteobacteria, families Methylocystaceae and Beijerinkiaceae) (Trotsenko

and Murrell 2008).

Methanotrophs were traditionally classified as type I (Gamma Proteobacteria)
or type Il (Alpha Proteobacteria), primarily according to their use of the ribulose
monophosphate pathway (type I) or serine pathways (type II) for formaldehyde
assimilation and arrangement of internal structures (Hanson and Hanson 1996). They
were further subdivided into a type X group, consisting of Gamma Proteobacteria that
had biochemical capabilities associated with type II methanotrophs. The traditional

classification scheme had its shortcomings, as the methanotrophic bacteria are more
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diverse and have greater biochemical capability than previously imagined. A recently
discovered phylum that consists of thermophiles: Verrucomicrobia (Methylacidiphilum
and Methylacidimicrobium spp.) has also been added (Sharp et al., 2014; Kalyuzhnaya
et al., 2015; Strong et al., 2015). The particulate methane monooxygenase (pMMO),
enzyme of methanotrophic bacteria is found in all methanotrophs except Methylocella

and Methyloferula (Kizilova et al., 2014).

The isolation and iidentification of soil methanotrophic bacteria always seems to
be a challenging task among microbiologists as well as other group of researchers
because many of the methanotrophs are not easy to culture in laboratory. However,
presently, the application of culture-independent molecular tools has been recognized as
a reliable method to identify soil methanotrophs community composition in natural and
agro-ecosystems. During the last few years, various molecular approaches has been
successfully applied to study the ecology of soil methanotrophs in various natural and
agriculture environmental conditions (McDonald et al., 1995; Horz et al., 2001; Lin et
al.,, 2004; Lau et al., 2007; Chen et al., 2008; Rastogi et al., 2009). In order to
differentiate the type I and type II methanotrophic bacteria, group-specific PCR primers
are designed to specifically amplify the 16S rRNA gene of methanotrophs to find out
their close relationship with other known methanotrophs at the family or genus level
(Henckel et al., 1999; Wise et al., 1999; Gulledge et al., 2001; Chen et al., 2007). As
suggested by earlier researchers, besides the 16S rRNA target gene, methanotrophic
functional genes such as pmoA were used to find out the abundance of methanotrophs in
soil (Fjellbirkeland et al., 2001; Horz et al., 2001). In view of the above earlier

investigations the present study used metagenomics approach to find out the

Page 68



Methanotrophs Composition And Soil Microbial Biomass -C, -N & -P From Lindane
Contaminated Sites.....

methanotrophic community composition and diversity in lindane contaminated soil

samples collected from Lucknow and Renukoot region.

The soil microbial biomass (SMB), considered as an important source of
available plant nutrients in several nutrient deprived ecosystems. Land use changes or
land use covers and cutting of forests not only affect the availability of required
nutrients but also influence the soil microbial community and their biomass levels. It is
proposed that several toxic soil pollutants such as heavy metals, insecticides and
pesticides, etc. severely influencing the beneficial soil microbial activities and biomass
(Singh and Gupta, 2018). Hence, any such toxic pollutions and disturbances due to
environmental drivers (soil pH, temperature, salinity, etc.) in soil could be one of the
major factors, which may affect the SMB pools and nutrient availability to plants. The
previous investigations showed that several environmental drivers (soil organic matter,
gravimetric moisture, soil pH, etc.) govern the dynamics of SMB (Singh et al., 2018).
However, no investigations have been conducted in the present selected regions to find
out the levels of SMB in soils contaminated with HCH isomers. Further, it is also not
known how the HCH residues concentrations impacts the SMB—C, —N and —P levels.
The earlier studies of in present region were conducted to find out the impact of forest
fires, seasonality, vegetation cover or topographical variations on SMB-C, -N and -P
dynamics (Singh and Kashyap, 2007; Singh et al., 2009; Singh et al., 2010). Therefore,
study of SMB—C, —N and —P contaminated with HCH and OCPs residues may provide
new information about the region of Vindhyan plateau. It is hypothesised that the higher
HCH isomers concentrations in soil may lead to several unfavorable conditions to the
soil microbial diversity, abundance and their biomass. Therefore, the consequences of

changes in HCH isomers concentrations and soil physico-chemical properties should be
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investigated on SMB levels and correlation between HCH isomers concentrations, SMB

values and soil physico-chemical properties.

In India, limited research work has been carried to evaluate the role of microbes
in remediation of pesticides from lindane contaminated sites. Majority of the Indian
studies used different bacterial strains cultured and maintained in laboratory rather than
the contaminated fields and evaluated the biodegradation potential of microorganism in
pesticide containing nutrient media. To the best of our knowledge there is no
information about the methanotrophs diversity and soil microbial biomass from lindane
contaminated sites. Hence, there is urgent need to study the soil methanotrophs
composition and microbial biomass levels from lindane contaminated sites. It is also not
known whether different contaminated sites have similar community composition of
methanotrophs. Further, we don’t know about their diversity in lindane contaminated
soils. It is expected that present proposed investigation would provide answer to some
of the questions raised here. Further, understanding soil microbial biomass and the
types of methanotrophic community structure and its potential capability to degrade the
lindane is important for verifying the significant contribution of these microbes in
cleaning the soil system contaminated by the lindane. The outcome of this study would
provide some base line data about the microbial biomass levels and methanotrophic

community compositions existing in lindane contaminated soils.
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5.2 Material and methods

5.2.1 Soil sampling

The detail soil sampling methods have been described earlier in Chapter 3. The
collected soil samples stored at 4 'C were used for the analysis of soil methanotrophs

community composition and soil microbial biomass -C, -N and -P content.
5.2.2 Methanotrophs abundance and community composition

The soil samples collected from Lucknow and Renukoot region were used to
identify the methanotrophs abundance and community composition. The detail outline
of culture dependent and culture independent techniques used for methanotrophs

identification are given in Figure 5.1

METHANOTROPHS COMMUNITY
COMPOSITION FROM LINDANE
CONTAMINATED SITE

Culture dependent Culture independent
technique technique
. ) METAGENOMICS By
MPN Test Biochemical Test Illumina DNA Sequencing and

Nanopore DNA Sequencing

Figure 5.1 Methods used in identification of soil methanotrophs abundance and

community composition
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5.2.3 Culture dependent techniques
5.2.3.1 MPN methods

The culture enrichment techniques was used for culturable methanotrophic
community, its structure was identified using modified most probable number (MPN)
(Saitoh et al.,, 2002) method. A modified nitrate mineral salt (NMS) medium
(Whittenbury et al., 1970) was used to isolate the methanotrophs. The NMS media
contains MgSO47H,0, 1 g ; KNOs, 1 g; Na,HPO4.12H,0, 0.71 g; ferric ammonium
EDTA, 5 g, chelated iron solution 2.0 mL which contains ferric (III) ammonium citrate
0.01 g or ferric chloride 0.05 g, EDTA sodium salt 0.2 g, HCl 0.3 mL, distilled
deionized water 100 mL and Trace element solution 1 mL. The composition of trace
element solution is DiSodium EDTA, 50 mg; FeSO4.7H20; 20 mg; H;BO3;, 3 mg;
CoCl,6H,O, 2 mg; CuSO4- 5H0; 3 mg; ZnSO,7H,O; MnCl4H,O, 3 mg;
Na;Mo0042H,0, 3 mg; NiCl,6H,0, 2 mg. The pH of the medium was maintained at 6.8.
The media was autoclaved at 121 °C for 15 min for sterilization. The serially diluted
soil samples of different sites (S1, S2, S3, S4, S5 and S6) were spread on Petri plates
containing NMS media for the enumeration of methanotrophs abundance. The CH4 gas
was injected with 1:1 ratio with air in the Petri plates as carbon source for the growth of
methanotrophs which was incubated at 30 Cina rotatory shaking incubator at 120 rpm
for 2-3 weeks in anaerobic chamber (Figure 5.2). After the growth on NMS medium,
the methanotrophic bacterial isolates from different soil samples were considered for

biochemical characterization according to Chandra and Singh (2014).
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Figure 5.2 Anaerobic chamber for incubation of methanotrophs
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5.2.3.2 Biochemical characterization

After the growth on NMS medium, the methanotrophic bacterial isolates was
considered for biochemical characterization according to Chandra and Singh (2014).
These isolates were tested for Gram staining, catalase test, oxidase test, urease test,
citrate utilization test, H,S production test etc. The biochemical test of soil

methanotrophs of different sampling sites is shown in Figure 5.3.

CONTROL
. KB0OO2
Lucknow |
KBOO 2

Renukoot

Results

Figure 5.3 Biochemical test of soil methanotrophs
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5.2.4 Culture independent techniques

5.2.4.1 Illumina sequencing

Methanotrophs community composition of India Pesticide limited (IPL),
Lucknow soil sample was studied by Illumina sequencing. Metagenomics is a
molecular tool used to analyze DNA acquired from environmental samples in order to
study the community of microorganisms present without the necessity of obtaining pure
culture. The methanotrophic bacterial diversity such as Methanobacterium,
Methanobrevibacter, Methanocella, Methanosaeta, Methanosarcina, Verrucomicrobia
(Methylacidiphilum and Methylacidimicrobium spp.) were particularly observed in soil
samples of Lucknow region. Generally, the methanotrophs are not easy to culture and it
becomes a very tedious work for researchers to isolate methanotrophs by culture
dependent techniques therefore, metagenomics is introduced to study the diversity of
microorganisms is important to soil and human health. Metagenomics can also be used
in find the organisms that can grow in toxic wastes and can then extract useful genes
from these organisms. Metagenomics-based approaches were found to be more helpful
in the identification and isolation of new genes from the uncultivable sources and
provide insights for future research. The 16S V3-V4 metagenome sequencing and
analysis (methanotrophs) in soil sample of IPL Lucknow has been described in Figure

54.
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Figure 5.4 16S rRNA Metagenome Workflow

An amount of 25 ng of DNA was used to amplify 16S rRNA hyper variable
region V3-V4. The reaction includes KAPA HiFi HotStart Ready Mix and 100 nm
final concentrations of modified 341F and 785R primers (Klindworth et al., 2013).
The PCR involved an initial denaturation of 95°C for 5 min followed by 25 cycles
of 95°C for 30s, 55°C for 45s and 72°C for 30s and a final extension at 72°C
for 7 min. The amplicons were purified using Ampure beads to remove unused

primers. Additional 8 cycles of PCR was performed using Illumina barcoded
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adapters to prepare the sequencing libraries. The sequence data quality was checked
using Fast QC (Andrews et al., 2017) Multi QC software. The data was checked for
base call quality distribution, % bases above Q20, Q30, %GC, and sequencing
adapter contamination. The sample has passed QC threshold (Q20 > 95%). The primer
sequence and Summary of raw sequence data are given in Table 5.1 and 5.2,
respectively. The histogram of reads with average sequence quality scores have been

shown in Figure 5.5 and 5.6

Table 5.1. The primers used in PCR.

SNo Primer name Primer sequence 5'— 3'
1 V3V4F CCTACGGGNGGCWGCAG
2 V3V4R GACTACHVGGGTATCTAATCC

Table 5.2 Summary of raw sequence data and quality.

Sample ID [Number of reads  |[Read length |GC% % Bases > Q20

[PL 113276 301 56.5 99.01

Per Sequence Quality Scores

Figure 5.5 Histogram of reads with average sequence quality scores.
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Mean Quality Scores

10

Figure 5.6 Histogram of reads with average base sequence quality scores.

The reads were trimmed (20 bp) from 5’end to remove the degenerate
primers. The trimmed reads were processed to remove adapter sequences and low
quality bases using Trimgalore (Babraham bioinformatics 2017). The QC passed reads
were imported into mothur (Schloss et al., 2009) and the pairs were aligned with each
other to form contigs. The contigs were screened for errors and only those between
300bp and 532bp were retained. Any contig with ambiguous base calls were rejected.
The high quality contigs were checked for identical sequences and duplicates were

merged.

Although the primers for the experiment were designed for 16s bacterial
rRNA, there are good chances for non specific amplification of other regions. To
correct for this we align the contigs to a known database for 16s rRNA. Depending on

the variable region being amplified, most of the contigs will align to its
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respective region on the database. Any ambiguous contigs aligning to other

region on the database were discarded.

After this process the gaps and the overhang at the ends from the
contigs were removed and processed for chimera removal which may have formed due
to PCR errors. UCHIME algorithm (Edgar et al., 2011) was used to flag contigs
with chimeric regions. A known reference of all the chimeric sequences was

used to identify and remove possible chimeric sequences.

The filtered contigs were processed and classified into taxonomical outlines
based on the GREENGENES v.13.8-99 database (Desantis et al., 2006). The
contigs were then clustered into OTUs (Operational Taxonomic Unit). After the
classification, OTU abundance was estimated. 788 OTUs were identified out of which
only 9 Methanotrophs were filtered out for further analysis. The alpha diversity
calculations were performed for these Methanotrophs using Phyloseqence
(McMurdie and Holmes, 2013). An R package for metagenome analysis Beta diversity
analysis cannot be performed for this sample as it requires at least 2 samples or
groups to check the differences in microbial abundances between two samples or
groups. PICRUSt (Langille et al., 2013) was used to predict gene family
abundance. PICRUSt program was designed to estimate the gene families
contributing to a metagenome by bacteria or Archaea identified using 16S rRNA
sequencing. The 16s RNA copy numbers were normalized by PICRUSt’s
precalculated files. The metagenomes were predicted using predict metagenomes.py
script. The predicted pathways were collapsed into higher categories. OTU
contributions for the particular functions were estimated by metagenome

contributions.py script.
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5.2.4.2 Nano-pore sequencing

In nano-pore DNA sequencing we use electric current or voltage in which
nucleotide sequence pass through very small pore approx Inm. We detect the alteration
of current when a nucleotide is passing through that pore by doing that we get the idea
of nucleotide we are dealing with. 1nm is sufficient to pass the nucleotide because
nucleotide is much thinner than Inm diameter. The DNA extraction was performed by
using the suitable method for the sample type from commercially available kits such as
QIAGEN, ZYMO RESEARCH, Thermo-Fisher DNA extraction as per the
manufacturer's recommendation. The PCR conditions and primer details has been given
in Table 5.3 and 5.4, respectively. The sequencing protocol involved Nanopore

sequencing which was performed by using 1ug of DNA template. Then after, end repair/dA
tailing Ligation of Barcode Adapter, Barcoding PCR, End repair/dA tailing, Blunt end Adapter
Ligation, Purification using AM Pure XP bead binding, priming and loading the SpotON flow
cell were followed in the present study.

Table 5.3 The PCR conditions for extraction of DNA.

Reaction mixture (50 pL) Cycling conditions
Template DNA 100 ng Initia 2 minutes at 95 °C
Forward Primer | 0.3 uM Denaturatio| 15 seconds at95 | 25

- - o Cycles
Reverse Primer 0.3 uM Annealing | 15 seconds at 60
Master Mix 25 uL Extension | 2 minutes at 72 °C
Nuclease Free Volume makeup | Final 10 minutes at 72°C
water 50 uLL Extension
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Table 5.4 Primer details for the extraction of DNA

SNo | Primers | Sequence (5" — 3°) Temp | GC-
name O Content

1 27F AGAGTTTGATCM TGGCTCAG 56.3 47.5%

2 1492R TACGGYTACCTTGT TACGACTT 55.3 45%

5.2.4.3 Bioinformatics protocol

EPI2ME 16S analysis work flow all used to perform genus-level identification
from single reads; with access to base called files for detailed investigations at the
species and sub-species level. The phylogeny analysis of query sequence with the
closely related sequence of blast results was performed followed by multiple sequence
alignment. The workflow is designed to BLAST base called sequence against the NCBI
16S bacterial database, which contains 16S sequences from different organisms. Each
read is classified based on % coverage and identity. The 16S workflow will be useful in
identifying the composition of a methanotrophic community. The 16S workflow for

identification of methanotrophic community has been shown in Figure 5.7
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‘ DNA extraction from soil samples ‘

U

PCR amplification
16F:- 5° AGAGTTTGATCMTGGCTCAG 3°
16R:- 5 TACGGYTACCTTGTTACGACTT 3~

N

‘ Sequencing ‘
| |
\ i

‘ BLAST ‘

Figure 5.7 16S workflow for identification of methanotrophic community.

Extracted DNA from the sample was subjected to Nano Drop and GEL Check
before being taken for PCR amplification: The Nano Drop readings of 260/280 at an ~
value of 1.8 to 2 is used to determine the DNA’s quality. The amplified 16S PCR
Product is purified and subjected to GEL Check and Nanodrop QC. The NanoDrop
reading of 260/280 at a value of 1.8 to 2 issued to determine the DNA’s quality. After
the 16S PCR Amplification, the products are purified using QIAGEN GEL Purification
Kit. 10 puL of Purified product is taken in a separate tube and volume is made up to 45ul
with Nuclease free water. End-repair and DA Tailing is performed as follows 45ul of
volume adjusted purified sample , 7 uL. of Ultra II End-prep buffer (from NEB) and 3
pL of Ultra IT End-prep Enzyme is added along with Sul Nuclease free water — incubate
at 20 °C for 5 minutes and at 65 °C for 5 minutes. 60 uL of AMpure XP Beads are
added and purification is performed along with two washes of 180 uL with 70%

Ethanol, purified product is eluted using 31ul of nuclease free water. 20 uLL of Barcode
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adapters from Oxford Nanopore kit (EXP-PBC096 & SQK-LSK109) are added along
with 30 uL of END prep DNA and 50 uL of Blunt TA/Ligase Master Mix (From NEB)
- incubate at RT for 10 minutes. 40 uL of AMpure XP Beads are added and purification
is performed along with two washes of 180 uL with 70% Ethanol, purified product is
eluted using 25ul of nuclease free water. Barcoding PCR is performed using the EXP-
PBC096 Kit while any one barcode is used per sample (volume — 1 uL) with 2 puL of
adapter ligated template and 25 pL of Long AMPTaq 2x Master Mix and 22 pL
Nuclease free water. Barcoding PCR conditions are as follows: Initial Denaturation at
95 °C for 3 minutes, Denaturation at 95 °C for 15 sec Annealing at 62 °C for 15 second
extension at 65 °C for 180 second total of 18 cycles, final extension at 65 °C for 7
minutes. The PCR purification using QIAGEN GEL purification Kit is carried out.
Total of 1ug of pooled DNA (different barcoded samples are added) in 47 uL of
volume — End PREP is performed as follows — 47 uL of template, 1 uL of DNA CS, 3.5
pl of NEBNext FFPE DNA repair buffer, 2 uL. of NEBNext FFPE DNA repair mix,
3.5ul of Ultra II End-prep buffer, 3 uL of Ultra II End-prep enzyme and incubated at 20
°C and 65 °C for 5 mins respectively. 60 ul of AMpure XP Beads are added and
purification is performed along with two washes of 200 pl with 70% Ethanol, purified
product is eluted using 61 puL of nuclease free water. This is taken forward for
sequencing adapter ligation and clean up — 60 puL of template from previous step is
added to 25 pL of ligation Buffer, 10 uL of NEBNext Quick T4 DNA Ligase, 5 uL of
Adapter Mix and incubated at RT for 10 minutes. 40 uL of AMpure XP Beads are
added and purification is performed along with two washes of 250 uL S fragment
buffer, purified product is eluted using 15 pL of elution buffer. The prepared library is

taken forward for sequencing in the Oxford Nanopore Platform.
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5.3 Soil microbial biomass (SMB) analyses
5.3.1 SMB-C

An amount of 50 g of conditioned soil samples were saturated with purified
liquid chloroform (Analytical reagent grade, Qualigens, India) for 10-20 hrs and
subsequently removed with the help of evacuation (Srivastava and Singh, 1998). Then
after, the soil was extracted using 0.5M K,SO, (1:4, soil: extract) and shaken for 30
minutes. The same protocol was followed for the extraction of unfumigated soil sample.
The MB-C in 0.5 M K,SOy soil extract was measured by using dichromate digestion

(Vance et al., 1987) and estimated by the following equation:
MB-C =2.64 X Ec (1)

Where, Ec is the difference between C extracted from fumigated and un-
fumigated soils, both expressed as ug g oven dry soil basis (Jenkinson and Ladd,

1981).
5.3.2 SMB-N

The conditioned soil samples (25 g) were saturated with purified liquid
chloroform (Analytical reagent grade, Qualigens, India) for 18-20 hrs. The extraction
procedure was similar as described for SMB-C. The 0.5 M K,SO;, extract of fumigated
and un-fumigated soil samples were analysed for SMB-N using the micro Kjeldahl
digestion procedure (Brookes et al., 195). The MB-N was calculated by the equation

given as follows:

MBN=X-Y/Kn (2)
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Where X represent total N in K,SO, extract of fumigated soil and Y denotes
total N in K,SOy4 extract of un-fumigated soil, Kn stands for fraction of biomass-N
extracted after CHCl; treatment. A Ky of 0.54 (Brookes et al., 1985) was taken by

assuming that 54% of MB-N was extracted by CHCl; treatments.
5.3.3 SMB-P

An amount of 5 g of conditioned soil samples were saturated with purified
liquid chloroform (Analytical reagent grade, Qualigens, India) for 18-20 hrs. Two
portion of soils (fumigated and un-fumigated) were extracted with 0.5 M NaHCO;
solution. MB-P was determined as inorganic-P (Pi) in 0.5 M NaHCOs; extract of
fumigated and un-fumigated soil samples by ammonium molybdate-stannous chloride
method (Sparling et al., 1985). The MB-P was calculated from CHCI; released Pi
dividing by a Kp value of 0.40 (Brookes et al., 1982) by assuming that 40% of P in
biomass is related to Pi release by CHCl; treatment (Brookes et al., 1982; Srivastava

and Singh, 1988).

Soil samples were collected from different selected sites and analysed for the
SMB-C, -N and -P. the SMB-C, -N and -P (ug g'1 dry soil) by using the chloroform,
fumigation- extraction procedure as described by earlier workers (Brookes et al., 1985;
Vance et al.,, 1987). Liquid chloroform after purification was used for the soil
fumigation (Shrivastava and Singh, 1988). The 0.5 mol L! K>S0Oy4 (1:4 soil: extract) was
used for extraction for about 30 minutes. Similar extraction procedures were also
followed for non-fumigated soil samples. The SMB-C and -N in 0.5 mol Lt K>SOy soil
extract was determined by dichromate digestion (Vance et al., 1987). The SMB-P was

analysed as inorganic P (Pi) in 0.5 mol L NaHCOj extract of both fumigated and non-

Page 85



Methanotrophs Composition And Soil Microbial Biomass -C, -N & -P From Lindane
Contaminated Sites.....

fumigated soil samples by ammonium molybdate-stannous chloride method as

described earlier (Sparling et al., 1985).

5.4 Statistical analysis

The data generated from the present investigation are expressed as the mean of
three replicates + SE. All the observations from each selected sites were carried out in
triplicate to improve the analytical precision of the experimental data. To confirm the
variability of data obtained and validity of results, the data were subjected for the
statistical analysis using one way analysis of variance (ANOVA) using SPSS software

(IBM SPSS Statistics version 20).

5.5 Results and Discussion
5.5.1 Methanotrophs abundance/community composition

The cream and pink colour colonies (Figure 5.8) on NMS (nitrate mineral salt
media) specific media for the isolation of methanotrophs confirmed the growth of
aerobic methanotrophs. After several rounds of streaking from plate to plate, pure
colonies were obtained on the plates. The colonies were observed to be cream or pink in
colour, round and measuring about 1 mm in diameter. The cells were found to be motile
and Gram-stain negative.Different morphology of methanotrophs was observed during
cultivation period. After incubation period (2-3 weeks), the methanotrophic bacterial
growth on Petri plates was observed which indicates the presence of methanotrophs in

lindane contaminated site of Lucknow and Renukoot region.
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Lucknow soil samples Renukoot soil samples

Figure 5.8 The colonies of aerobic soil methanotrophs growing on NMS media after 2-

3 weeks of incubation at 30 °C.

The result demonstrated that methanotrophic population in Renukoot region
was significantly higher than Lucknow region due to large forest area and soil having
higher amount of organic contents which contributes growth of methanotrophs in well
aerated soil (Megonial and Guenther, 2008; Shoemaker et al., 2014). The competitive
inhibition of NH4* to CH4 was noticed as a main inhibitory effect for methanotrophs

multiplication (Schimel et al., 1993). Zheng et al. (2008) demonstrated inhibitory effect
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of soil N amendments on the methanotrophic population density and community
composition in Chinese paddy soil. Morphological and biochemical test of bacterial
isolates in soil samples collected from lindane contaminated sites are given in Table
5.5. The SEM images (Figure 5.9) of soil methanotrophic bacterial isolates from study

sites showed rod shaped bacteria present in the soil samples.

P -l ,
C48kv  %10,000 , B ¢ 419,000 - 0001548 35 SEI

156kV " X10,000 1pm 0001 13 35 SEI

Figure 5.9 SEM of soil methanotrophic bacterial isolates from study sites
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Table 5.5 Morphological and biochemical test of some bacterial isolates from soil sample collected from lindane contaminated sites of Lucknow

and Renukoot region.

Isolated strains Gram Colour Motility test Catalase test ~ Oxidase test Amylase Urease test  Citrate utilization
staining production

SBRJS01 — Pink + + + — — _
SB1JS02 — Pink + + + — - _
SBJS03 — Cream - _ _
SBJS04 + Pink - — — — _ _
SBJS05 Cream - + + _ _

SBJS06 — Cream — - — + +

SBJS07 — Pink + — - — _
SBIJS08 - Cream + — - + - _
SBJS09 — Cream - — — _

SBIJS10 + Cream — — — — - +
SBIS11 Pink + — - _ _
SBIS12 — Pink + — + — + _
SBJS13 - Cream - - — _
SBJS14 - Cream - - — - — _
SBJS15 + Cream + - — + + _
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5.3.2 Methanotrophs community compositions of Lucknow region (Illumina
sequencing)

Metagenomics is used for the detection, identification and relative quantification
of environmental microorganisms. The growing accessibility of next generation DNA
sequencing (NGS) methods has greatly advanced our understanding of microbial
diversity in medical and environmental science. In this study, high-throughput
metagenomic sequencing provided a powerful strategy to investigate the methanotrophs
community structure and functional potential associated in lindane contaminated soil.
Alpha diversity is a measurement of richness and relative abundance of bacteria within
the sample. Methanotrophs alpha diversity statistics and methanotrophs genus
abundance are presented in Table 5.6 and 5.7, respectively.

In community ecology, a-diversity is mainly used to reflect the diversity of each
sample, which estimates the number of species in the microbial community as well as
the abundance and diversity of species in environmental communities through a series
of statistical indices Figure 5.10 Represent different alpha diversity.

The Phyla abundance distribution, genus abundance distribution and KEGG
orthology predicted using PICRUSt is shown in Figure 5.11 (a), (b) and (c). Krona plot
a new visualization tool that allows intuitive exoloration of relative abundances within
the complex hierarchies of metagenomic classification as shown in Figure 5.12.

Table 5.6 Methanotrophs alpha diversity statistics.

Sample | Observed | Chaol | Se.chaol [ACE|Se.ACE | Shannon | Simpson |Inv Simpson |Fisher

IPL 9 9 0.236 |9.43| 1.321 1.888 0.813 5.356 2.873

The indices for community diversity calculation include:
ACE : An index to estimate the number OTU in communities. It was proposed by the

Chao and is commonly used to estimate the total number of species in ecology.

(http://www.mothur.org/wiki/Ace )

Page 90



Methanotrophs Composition And Soil Microbial Biomass -C, -N & -P From Lindane
Contaminated Sites.....

Chao : It is an index that uses Chao 1 algorithm to estimate the OTU number of
samples. Chao commonly used in ecology to assess the total number of species.
(http://www.mothur.org/wiki/Chao)

Shannon: Commonly used to reflect the diversity index o for the estimation of
microbial diversity.

(http://www.mothur.org/wiki/Shannon)
Simpson : Simpson diversity index, proposed by Edward Hugh Simpson in 1949 and

is commonly used in ecology to quantify biological diversity in a region.

(http://www.mothur.org/wiki/Simpson).
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Figure 5.10 Represent different alpha diversity indices of which Chaol and ACE
represent the richness of the sample and Shannon, Simpson, InvSimpson and Fisher

represent both richness and relative abundance.
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Table 5.7 Methanotrophs community composition in soil of Lucknow region.

Genus Methanotrophs abundance
Methanocella 20
Methanosarcina 9
Methanomicrobia (unclassified) 6
Methanobrevibacter 5
Methanobacterium 7
Methanosaeta 2
100 0 g
10
T b Genus _
1 ¢_Netanomizoba icassd 666 Oty
i {_ANME-20_idasshed D [ coitvne
% % o_Neharobecerum | ER
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Figure 5.11 (a) Phyla abundance distribution (b) Methanotrophs genus abundance (c)

KEGG orthology predicted using PICRUSt.
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Figure 5.12 Krona plot showing methanotrophic community composition in lindane

contaminated soil of Lucknow region.

5.3.3 Methanotrophs community in Renukoot region (Nano-pore sequencing)

The contaminated soil contained 44,946 reads having 42,981 classified and
1,965 non-classified reads of bacterial population as shown in Figure 5.8. The
metagenomics of soil sample showed that the total number of methanotrophs present in
selected site was 676. Further, the methanotrophic community composition in lindane

contaminated Renukoot soil are given in Table 5.8
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METHANOTROPHIC COMMUNITY COMPOSITION
METAGENOMICS (NANOPORE TECHNOLOGY)

100% Bl BACTERIA

< 1% Il EUKARYOTA

< 1% ARCHAEA

Methylophaga

Methylobacterium
Methylocystis

Methyloceanibacter
Methylosinus
Methylomonas

Methylomicrobium
Methylibium
Methylotenera
Methylococcus
Methylocella

(Accession number - SAMN10839105 : SBR4 )

44,946 42,981 1,965
676Methylophaga 1.50402705 Re'ative Percentage
380Methylobacterium 0.845450

72Methylocystis 0.16019223
40Methyloceanibacter 0.08899568 " Methanotrops
31Methylosinus 0.06897165
31Methylomonas 0.06807165
B Others
19Methylomicrobium 0.04227295
18Methylibium 0.04004806
14Methylotenera 0.03114849
13Methylococcus 0.0289236
11Methylocella 0.02447381

Figure 5.13 Methanotrophic community composition in soil of Renukoot region.

Table 5.8 Methanotrophic community composition in lindane contaminated soil of

Renukoot region.

Family Methanotrophs

Methylobacteriaceae ~ Methylobacterium nodulans ORS 2060; Methylobacterium aquaticum
Methylobacterium phyllosphaerae; Methylobacterium radiotolerans
JCM2831; Methylobacterium extorquens; Methylobacterium populi,

Methylophilaceae Methylotenera mobilis JLWS8; Methylophilus sp. TWE2; Methylobacillus
flagellates KT

Methylocystaceae Methylocystis bryophila; Methylocystis sp. SC2; Methylosinus trichosporium
OB3b

Methylacidiphilaceae ~ Methylacidiphilum sp.

Methylophilaceae Candidatussp.; Methylopumilis turicensis; Candidatus Methylopumilis
Planktonicus; Methylovorussp.

Methylococcaceae Methylococcus capsulatus str. Bath; Methylomicrobium alcaliphilum 20Z

Methylophilaceae Methylomonas denitificans; Methylomonas methanica MC09;

Sterolibacteiaceae Methyloversatilis sp. RACOS8;

Beijerinkiaceae Methylocella silvestris BL2

Piscirickettsiaceae Methylophaga frappieri; Methylophaga nitratireducenticrescens
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Significant differences in methanotrophs community composition were found
among soils exposed to distinct land utilization patterns and lindane contaminated sites
of Lucknow and Renukoot region. The lindane concentration and soil organic matter
concentrations seem to have major effects on methanotrophs community composition
and abundance. The lower number of methanotrophs community in soil of Lucknow
region (Table 5.7 and Figure 5.11) compared to Renukoot region soil (Table 5.8 and
Figure 5.12) could be due to higher concentration of lindane residues at the soil of
former site. Given the fact that the dense vegetation covers at Renukoot site could be a
critical factor for the greater abundance and community composition of soil
methanotrophs compared to Lucknow site. Similar to this study the investigation of
Chen et al. (2008) also demonstrated that the abundance and community composition
size of methanotroph was decreased because of removal of the standing vegetation
cover. The high proportion of physiologically distinct methanotrophs abundance in
forest uplands (Renukoot) versus disturbed urban (Lucknow) soils clearly indicated that
land use changes and anthropogenic disturbances could particularly select for a certain
community of methanotrophs, possibly by altering ecological niches such as nutrient

concentration and chemical (lindane) status of targeted bacteria.

5.3.4 Soil microbial biomass-C, -N and —P

Plant litters and soil microbial flora are the main drivers which play fundamental
roles in controlling the ecosystem processes (Singh and Gupta, 2018). The variations in
the size of SMB can impact the functioning of various ecosystem types (Singh et al.,
2009). Differences in the quantity and quality of substrates (organic C and N) inputs
might be due to varying in plant residues types/quantity as suggested by Singh and

Gupta (2018). The data on SMB-C, -N, -P (ug g soil) across different study sites of
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Lucknow and Renukoot region are presented in Table 5.9. ANOVA revealed significant
variation (P <0.001) in SMB-C, -N and —P values due to sites and being highest in soils
of Renukoot region. The SMB-C quantity across the sites ranged from 102.7 (S1) to
389.3 (S5) ug g soil. Similarly the SMB-N ranged from 15.8 (S3) to 69.1 (S5) ug g™
soil. The values of SMB-P ranged between 12.2 (S3) to 32.9 (S5) pg g'1 soil (Table
5.9). A significant variation in values of SMB-C, -N, -P in both the study region may be
because the organic contents and quality due to the variation in vegetation compositions
and anthropogenic activities (Singh et al., 2010). Since the six selected sites and
regions of present study varied in terms of soil physico-chemical properties, HCH and
OCPs residues concentrations and vegetation composition therefore, significant
variations in SMB—C, —N and —P contents among sites may be also expected. It possible
that across Lucknow and Renukoot region that high SMB-C, -N and -P at S4, S5 and S6
sites of Renukoot region may be because of more suitable soil conditions, sufficient soil
moisture contents, organic matters via availability of sufficient quantity of plant litters.
The unfavourable soil moisture condition and low organic matter contents at S1, S2 and

S3 sites of Lucknow region could suppress the SMB quantity too.

Page 96



Methanotrophs Composition And Soil Microbial Biomass -C, -N & -P From Lindane Contaminated Sites.....

Table 5.9. Measured values of soil microbial biomass across different study sites. The values given are means of three replicates +SE.

Soil microbial biomass

(SMB) (ug g soil)

Renukoot ANOVA
region (N=18)
S4 S5 S6

102.7+25.8° 214.8+11.6%

21.2+5.7b¢ 12.249.69*

189.4+11.4° 389.3+41.29 365.2+36.2  F=353.25, P<0.001
56.6+9.5° 69.1411.5°  65.5+6.7° F=123.55, P<0.001

22.3+7.8" 32.948.3° 26.8+5.4¢ F=98.56, P<0.001

S=site; Different letters indicate significant difference between treatments for each parameter (P < 0.05).
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The selected sites (S1 to S6) distributed in Lucknow and Renukoot region varied
significantly interms  of soil  physico-chemical properties (total-C, -N, -
P, moisture contents, pH, etc.), pesticides (HCH and OCPs) residues and SMB-C -N
and -P values. The soils of Lucknow region sites, having higher amount of pesticides
residues, may reduces the SMB-C -N and -P quantity compared to sites of Renukoot
region. A higher litters and plant residues available at sites of Renukoot region due to
dense natural forest soil as compared to Lucknow urban region sites, may considerably
enhances the favourable soil conditions and therefore, a higher SMB-C, -N and -P
values at sites of Renukoot region might be expected. A negative correlation between
pesticides (lindane residues) concentrations and SMB-C, -N and -P suggests that higher
HCH and OCPs present in soil may adversely influence the growth and multiplication
of microbial diversity/biomass (Table 5.10). The results of this study strongly confirms
that variations in soil physico-chemical properties and HCH and OCPs residues may
significantly affects the SMB-C, -N and -P compositions. Therefore, removal of lethal
HCH and OCPs residues from soils via bioremediation/ phytoremediation can be a
viable and eco-friendly soil management practice to improve the beneficial species of
soil microbial communities and biomass which may consequently support the soil,

agriculture and environmental sustainability.
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Table 5.10. Pearson’s correlation (2-tailed) between pesticides and soil microbial biomass. Total soil samples analysed was N=18 (6 sites x 3

replicates).

Parameters «-HCH _ Bp-HCH _ y-HCH _ ALDRIN PP-DDE B-ENDO _ PP-DDD OP-DDT PP-DDT _ SMB-C _ SMBN _ SMB-P
(ug g soil)

«—HCH __ 1.000

B-HCH 47045+ 1,000

v-HCH 8300 0359 1.000

ALDRIN' 157 9255 0.570 1.000

PP-DDE ) 043 0221 0232 -0.452 1.000

B-ENDO g gp5%x  0.111 0.743%% 0260 0.299 1.000

PP-DDD g go7++ 0217 0.937%%  0.077 0450  0.841%* 1.000

OP-DDT () g9 -0.050 0214 -0.384 0.629%%  0.230 0.018 1.000

PP-DDT 626 0.194 0.711%% 0427 0271  0935%  0g1g= 0192 1000

SMB-C 789w+ .0.539%%  0.520%  0.550%  -0.449  -0.746%%  -0.649%* -04g5x 0796 1000

SMB-N 664+ -0.158 0.684% 0364 0437 -0913%  .0830% .0374 0921 0.862%F1.000
SMB-P 0.855%F  -0.558%  -818%* 0.141 0.006%  -0.805%  -0.800%F 0079  "O-796%F  0.802% 07827 1.000

*Significant at P<0.05; **significant at P<0.01
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5.4 Conclusions

Present investigation indicates a wide variation in methanotrophs
abundance/community composition and soil microbial biomass-C, -N and —P in soil
samples of Lucknow and Renukoot region. The study showed that soil lindane
contamination/concentration has the potential to decrease the methanotrophic species
and SMB levels in soil having greater concentration of lindane residues. The soil
microbial biomass-C, -N and —P and methanotrophic community and abundance were
found to be higher in soils of ABCIL (Renukoot) as compared with IPL (Lucknow)
region due to less anthropogenic disturbances, lower lindane residue contamination and
greater forest cover in that particular area. The presence of high soil moisture and
organic matter ultimately increased the count of soil methanotrophs numbers/diversity
and SMB-C, -N and -P in soils of upland Renukoot forest region. Since soil parameters
are indices of soil microbial community stability and ultimately control the ecosystem
services. This study suggested that methanotrophs community abundance/diversity and
SMB levels serve as potential ecological indicators of soil quality. More study based on
advanced molecular approaches is required in these regions to find out the
number/diversity of methanotrophs to minimize the lindane residue contamination and

enhancement of SMB levels.
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CHAPTER 6
LINDANE TOLERANCE LEVEL AND DEGRADATION
POTENTIAL OF METHANOTROPHS AT DIFFERENT
ENVIRONMENTAL CONDITIONS

6.1 Introduction

Lindane (y-hexachlorocyclohexane or y-HCH) is a cyclic, saturated and
organochlorine pesticide (OCP) which is resistant to microbial degradation (Phillips et
al., 2005; Manickam et al., 2008). Its presence in the environment may cause heath
problems in living organisms via entering to the food web and chain (Szabo and
Loccisano, 2012; Sheng et al., 2013). In spite of these it is still being produced by local
and small scale industries for various purposes (Lal et al., 2010; Bajaj and Singh, 2015).
Lindane and other HCH isomers contaminants are taken up by crop plants or leached
into ground water (Wauchope et al., 1992). Therefore, removal of lindane residues from

the contaminated soil and other ecosystems are need of the hour.

Microbial bioremediation is one of the cost effective option for biodegradation
of pesticides present in soil and other environments. Many microbial species in the form
of pure or mixed cultures have been reported to degrade lindane (Salam and Das, 2013).
The investigation of lindane tolerant microorganisms are seems to be a potential
bioresource for bioremediation in the field conditions. A wide range of microorganisms
includes fungi (Rigas et al., 2007; McErlean et al. 2006) and bacteria (Gupta et al.,
2000; Boltner et al., 2005) have potential in lindane isomers degradation.
Methanotrophs, a group of unique bacteria are reported from diverse habitats, including
soils, peat bogs, wetlands, sediments, lakes, fresh waters, and marine waters (Ge et al.,

2014; Strong et al., 2015). The methanotrophic enzyme MMO catalyses conversion of
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CH4 to methanol and also co-metabolizes the TCE (Whittenbury et al., 1970; Oldenhuis
et al., 1989; Dedysh et al., 2005). It has been reported that the MMO in methanotrophs
exists as soluble methane monooxygenase (sMMO) and as particulate methane
monooxygenase (pMMO) (Hanson and Hanson, 1996). Both forms of the MMO co-
metabolize the TCE but sMMO is more capable in degrading the TCE (Lontoh and
Semrau, 1998). In contrast to the above, no reports are available on methanotrophs and
their use in lindane tolerance and degradation.

The environmental parameters such as temperature, pH, moisture, etc. can vary
temporally and spatially which affect their proliferation and degradation potential with
respect to various toxic compounds present in the environment (Siddique et al., 2002;
Bastos and Magan, 2009; Abrusci et al., 2011). The previous studies related to lindane
degradation mediated by different microbial species are limited only at mesophilic
temperature (25 to 30 °C) (Siddique et al., 2002; Mertens et al., 2006). The degradation
capability of lindane degrading strains depends on various environmental factors (pH
and temperature) (Quintero et al., 2005b). Many researchers have reported that pH and
temperature can greatly influence the biodegradation ability of bacteria (Okeke et al.,
2002; Quintero et al., 2005a). Generally, lindane degraded at wide range of pH and it
was observed that most of the bacteria are able to reduce lindane either at pH 7.0 or
near to neutral pH (6.5-7) (Rijnaarts et al., 1990). The Methylosinus trichosporium
OB3b has been is reported to involve in co-metabolism of contaminants (Oldenhuis et
al., 1991; Fitch et al., 1996), oxidation of propene (Hou et al., 1979) and synthesis of
polyhydroxybutyrate (PHB) (Williams, 1988; Doronina et al., 2008). The M.
trichosporium OB3b possesses two systems for methane oxidation, a pMMO, expressed
under high biomass/copper ratios and a sSMMO, expressed at low copper conditions

(Hakemian and Rosenzweig, 2007; Semrau et al., 2010). Some methanotrophic strains
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capable in nitrogen fixation are reported (Oakley and Murrell, 1988; Auman et al.,
2001). The study related to degradation potential of methanotrophs at different
environmental conditions is almost lacking therefore, this study also explores the
lindane degradation tolerant and potential at different environmental conditions (pH and
temperature). This study also assesses the identification of end product during lindane
degradation by methanotrophs isolated from soil of Lucknow and Renukoot region.

6.2 Material and methods

6.2.1 Chemicals and reagent

Lindane acetone, n-hexane, acetone, ethyl acetate, methanol, isopropanol,
mercuric thiocynate, ferric alum solution and all chemicals were of analytical grade and
were purchased from Sigma-Aldrich or other commercial sources.

6.2.2 Methanotrophs isolates

Out of 15 methanotrophs isolates (Chapter 5) from soil of Lucknow and
Renukoot region, identified on the basis of biochemical tests, only three isolates
SBRIJSO01, SBIJS02 and SBJS03 were selected for lindane tolerance and degradation
potential at different environmental conditions. The Methylosinus trichosporium
URRH3 was used as control methanotrophs.

6.2.3 Lindane tolerance potential of SBRJS01, SBIJS02 and SBJS03 isolates

The nitrate mineral salts (NMS) medium (composition of NMS medium is given
in previous Chapter 5 and Table 5.5 was used to study the lindane tolerance level of
SBRJSO01, SBIJSO02 and SBJS03 isolated and a control at varying lindane
concentrations. The different lindane concentration solution was prepared by dissolving
0.05 g of lindane powder in 10 mL acetone as described by Pannu and Kumar (2014).

The control URRH3 and SBRIJS01, SBIJS02 and SBJS03 isolates were inoculated in a
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flask containing 100 mL NMS medium with the various concentration of lindane (10
mgL',20mg L', 30 mg L', 40 mg L', 50 mg L™ and 60mg L") and incubated in at
30 'C at 120 rpm and observes the turbidity. The ODggo was taken periodically up to one
month using UV-visible spectrophotometer (SPECORD 210 Plus, Analytik Jena). The
SBRJSO01, SBIJS02 and SBJS03 isolates were finally selected for molecular
identification. Subsequently chloride release during incubation from the same flasks
was also estimated to monitor the lindane mineralization by methanotrophic isolates.

6.2.4 16S rRNA identification of lindane tolerant SBRJS01, SBIJS02 and SBJS03

isolates

The methanotrophic SBRJS01, SBIJS02 and SBJSO03 isolates were identified by
16S rRNA sequencing. The genomic DNA of bacterial isolates, grown on NMS agar
plates, was amplified using high-fidelity PCR polymerase. The 16S Forward primer and
16S Reverse primer were used for PCR amplification of the 16S rRNA. The genomic
DNA template was amplified with a 35-cycle PCR initial denaturation at 95°C for 5
min, subsequent denaturation at 94°C for 30 sec, annealing temperature at 50°C for 30
second, extension temperature 72 °C for 1.30 minutes and final extensions at 72°C for 7
minutes. The PCR product was analyzed on 1% agarose gel and purified. The purified
PCR products were sequenced by (Chromous Biotech, Pvt Ltd. Bangalore, India) on
ABI 3500 Genetic Analyzer, using the Big Dye Terminator version 3.1”. The partial
16S rRNA gene sequence was compared with known sequence in the NCBI database by
using BLASTn to identify the most similar sequence alignment. Similar sequence were
downloaded and aligned with Muscle; a phylogenetic tree was constructed using
UGPMA clustering method using MEGA software by Neighbor-joining Method

(Kumar et al., 2016).
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6.2.5 Dechlorination assay

Mineralization of lindane by methanotrophic isolates was examined by
estimating the amount of chloride release. The Erlenmeyer flasks (250 mL) containing
100 mL of NMS medium added with varying concentrations of lindane (10 mg L™, 20
mg L' 30 mg L' 40 mg L' 50 mg L and 60 mg L) as a sole carbon source were
inoculated with control and SBRJS01, SBIJS02 and SBJS03 isolates. The flasks were
incubated for 30 days at 30 °C. The free chlorine released during incubation was
measured on 20" day using the procedure of Phillips et al. (2001). In brief, 0.2 mL of
ammonium iron (III) sulphate (0.25 M) was dissolved in nitric acid (9 M). The reagent
was added to 2 mL aliquot of the culture supernatant, followed by the addition of 0.2
mL saturated solution of mercury (II) thiocyanate dissolved in ethanol. The chloride
content was estimated using UV—Visible spectrophotometer (SPECORD 210 Plus,
Analytik Jena) at 460 nm, NaCl solution was used as standard for estimation of
chlorine. All analytical measurements were completed in triplicate.

6.2.6. Assessment of lindane degradation potential of identified methanotrophic
strains at different environmental conditions (pH and temperature)

The optimal growth and lindane degradation conditions of SBRJS01, SBIJS02,
SBJS03 isolates at different environmental conditions (pH and temperature) was
determined in NMS medium amended with lindane (40 mg L™"). A wide range of pH
(5.0, 6.0, 7.0, 8.0 and 9.0) and temperature (20 °C, 25 °C, 30 °C, 35 °C and 40 °C) was
used to study the impact of environmental parameters on degradation of lindane by
bacterial strains SBRJS01, SBIJS02 SBJS03. The acidic and alkaline pH of the medium
was maintained by using hydrochloric acid and sodium hydroxide. The optical density

of culture was observed on 20™ day of incubation Spectrophotometrically at 600 nm
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and after a particular time interval to determine optimum growth and maximum lindane
degradation at particular pH and temperature condition.

6.2.7. GC-MS/MS analysis of end product during lindane degradation by
methanotrophic isolates

The metabolic end production resulted after lindane degradation by most
efficient lindane tolerant methanotrophic isolate SBJS03 was extracted in acetone, n-
hexane, ethyl acetate, methanol, and isopropanol under acidic conditions as described
by Bharagava and Chandra (2009). To extract the metabolites, 10 mL NMS broth
having methanotrophic isolate SBJS03 was acidified with 35% hydrochloric acid
(HCL) and then placed in a separating funnel, after which an equal volume of ethyl
acetate was added and the mixture was shaken continuously for 5 hours on a shaker
(New Brunswick scientific). The extraction was repeated successively three times to
complete extraction of metabolites. The extract was kept on a rotatory evaporator
(Rotavapor RE 120, Buchi, Flawil, Sweden) at < 40 °C. An aliquot of the concentrate
was dissolved in 3 mL of methanol, filtered through 0.22 pm syringe filters (Millipore
Ltd., Bedford, MA, USA) and used for further GC-MS/MS analysis.

The 100 uL of sample extract was taken into 1.5 mL Eppendorf tube, to this 80
uL of methoxyamine hydrochloride and 100 uL. of BSTFA were added and then these
samples were kept in shaker (BRTH-100 and BR Biochem) at 65 °C and 1400 rpm
speed for 1 h. Samples were filtered through 0.22 um syringe filter after incubation.
Then the derivatized phase was transferred into GC-MS/MS vial. The GC-MS/MS was
used for the identification of different unknown components present in the sample
fraction. The sample was injected on DB-5MS (30 m x 0.25 mm ID, 0.25 pm film
thickness) column. The helium gas (99.999 %) was used as carrier gas at a constant

flow rate of 1.2 mL minute” with split less mode, and 1 pL of sample was injected in
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the GC-MS/MS system. The injector port temperature was maintained at 150 'C and the
mass transfer line temperature was maintained at 290°C. The oven temperature was
programmed at 65 C for 2 minute, with an increase of 6 'C minute” to 230 ‘C, then 10
°C minute™ to 290 "C, ending with a 20 minute™' hold. The solvent delay was 6.5 minute
and the total GC-MS/MS running time was 55 minute with full scan mode. Various
components were identified by their retention time and based on MS library research
(NIST) has derived mass fragmentation pattern of all the fractions. GC-MS/MS method
was used to detect the chemical constituents present in all the unknown samples
6.2.8. Statistical analysis

All the experiment set up and data analysis were performed in triplicate (n=3) to
reduce analytical errors and the results were expresses as mean. SPSS software SPSS
Statistics Version 20.0 (IBM, Armonk, NY, USA).
6.3. Results and Discussion

6.3.1. Lindane tolerance potential of SBRJS01, SBIJS02 and SBJS03 isolates

After 20 day of incubation the three methanotrophic isolates (SBRIJSOI,
SBIJS02, and SBJS03) were monitored for their potential to withstand at different
lindane concentrations (10 mgL™", 20 mg L™, 30 mg L', 40 mg L', 50 mg L™ and 60
mg L) by inoculating into NMS broth media. Across different doses of lindane
compared to control (Methylosinus trichosporium URRH3) the SBRJS01, SBIJS02 and
SBJS03 showed maximum growth in terms of turbidity (Figure 6.1 and Figure 6.2) at
40 mg L™ lindane concentration. The growth of all methanotrophs isolates was found to
be diminished at higher lindane concentrations (50 and 60 mg L™"). Similarly after 12-
15 days of incubation other microbial organism also showed similar type of lindane
degradation results in Pseudomonas paucimobiliis (Senoo and wada, 1989), fungus

Conidiobolus 03-1-56 (Nagpal et al., 2008) and yeast Rhodotorula sp. VITJzNo3
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(Salam et al., 2013). Higher concentrations of toxic contaminants like cadmium have

been reported to inhibit the growth of other microbes too (Kumar et al., 2010).

Figure 6.1 Serum bottle containing NMS broth media, turbidity showing growth of

methanotrophs.
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Figure 6.2 Methanotrophic isolates growth at different lindane concentrations.
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6.3.2 16S rRNA identification of lindane tolerant SBRJS01, SBIJS02 and SBJS03

isolates

The methanotrophic isolates (SBRJS01, SBIJS02 and SBJS03) showing lindane
(40 mg L) degrading potential was subjected to 16S rDNA sequence analyses. The
National centre of  biotechnology information (NCBI) database
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) was used as basic local alignment search tool
BLASTRn to identify the most similar sequences. The comparative analysis of SBRJSO01,
SBIJS02 and SBJS03 DNA sequences showed close relationship to the known
methanotrophs (already available NCBI database) Methylobacterium radiotolerans,
Methylobacterium radiotolerans and Methylosinus trichosporium (Figure 6.3). The 16S
rRNA sequences of SBRJS01, SBIJS02 and SBJS03 have been deposited in GenBank
indicated SBRJSO1 is a strain of Methylobacterium sp. (accession no. MK481040),
SBIJS02 is a strain of Methylobacterium radiotolerans (accession no. MK481064) and
SBJS03 is a strain of Methylosinus trichosporium (accession no. MK503991) (Table

6.1).

Table 6.1 The accession number of identified methanotrophic isolated based on 16S

rRNA molecular analysis.

Methanotrophic isolates Accession No.
Methylobacterium radiotolerans strain SBRJS01 MK481040
Methylobacterium radiotolerans strain SBIJS02 MK481064
Methylosinus trichosporium strain SBJS03 MK503991
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Methylobacterium radiotolerans NR 074244

A o5 Methylobacterium radiotolerans strain S9-653 JQ660309_1

o0 Methylobacterium radiotolerans strain G-2 KT281919.1

61 L KJ817557.1 Uncultured bacterium clone AS57 KJ817557.1

a4 —I— Methylobacterium radiotolerans strain EP24 MG7Y 78729 .1
57 Unidentified marine bacterioplankton KC000248 1

Methylobacterium radiotolerans strain SBRJS01 MK481040.1

Methylobacterium radiotolerans strain P8-A7 MK318613.1

Methylobacterium sp. KP844644

74

Methylobacterium sp. KJ184956.1
— Y P

100 I Methylobacterium sp KJ184951 .1
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g7 | Methylobacternum radiotolerans strain G-2 KT281919_1
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Figure 6.3 Phylogenetic tree of isolated bacteria strains and their related species

based on 16S rDNA gene sequence (A): SBRIS01; (B): SBIJS02; (C): SBJS03
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6.3.3 Dechlorination during lindane degradation by methanotrophic isolates
Dechlorination (removal of CI" atom from organic halogenic compounds) is the
main reaction in microbial mediated degradation of lindane. In dechlorination, CI atoms
are substituted by hydrogen or hydroxyl group to the lindane (Camacho-Perez et al.,
2012). In present study during lindane degradation, a decrease in pH was observed due
to dechlorination of lindane. The coloured change in reaction mixture yellow to red was
confirmed the release of Cl” during lindane degradation process by the methanotrophic

isolates (Figure 6.4).

- —

(A) %  (B)Standard (C) Methylosinus
Control \ Methanotropic trichosporium
strain strain SBJS03

Figure 6.4 flask showing lindane degrading activity based on chlorine release. (A)
showing negative while (B) and (C) showing positive result
The quantification of chloride ion concentration showed its gradual increase
from 0 day to 20™ day of incubation in experimental setup and no significant increase
were observed in control. The maximum chlorine release and optical density (600 nm)
was followed a trend as SBJS03 > SBRJS01 > SBIJS02 > Control URRH3 at 20 days
of incubation (Figure 6.5 and Figure 6.6). These results depict that SBRJS01, SBIJS02

and SBJS03 isolated from lindane contaminated soil have potential to utilize lindane as

Page 111



Lindane Tolerance Level and Degradation Potential of Methanotrophs at Different
Environmental Conditions......

source of carbon in place of CH4 because during incubation no methane was added.
Further, it was confirmed that the concentration of Cl ions in the NMS medium was

measured highest at 20" days of incubation.
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Figure 6.5 Graphical representation of chlorine release of different lindane

concentrations
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Figure 6.6 Lindane degradation by different methanotrophic isolates with 40 mg L™

lindane on 20™ day of incubation.
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The maximum growth of methanotrophic isolates and lindane degradation
potential on 20" day of incubation at 40 mg L™ lindane concentration exhibited a linear

relationship between lindane degradation and chlorine release (Figure 6.7).

~ 807 y = 10.873x - 2.0413
S 9 - R2 = 0.7951%* T 4
% 60 - (N=12; **P<0.001)
= _
& 40 -
=
¥ 30 A
S 20 -
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0 . ' ' ! '
2 3 4 5 6 ’
Chloride release (mg L)

Figure 6.7 A linear relationship between lindane degradation and chlorine release by
methanotrophic isolates with 40 mg L™ lindane on 20™ day of incubation.

The growth of nitrifying and denitrifying bacteria has been reported to be
inhibited by the presence of lindane at varying concentrations (Saez et al., 2006).
Severe toxicity of lindane on fishes and gilthead sea bream was demonstrated by
Johnson and Finley (1980) and Oliva et al. (2008). The yeast strain (Candida
VITJzNO4), reported in a study was among the best alternative for lindane
biodegradation with a half-life of 1.17 days (Salam and Das, 2014). Becerra-Castro et
al. (2013) reported that after microbial inoculation decrease in HCH phytotoxicity was

observed.
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6.3.4 Lindane degradation potential of identified methanotrophic isolates at
different environmental conditions (pH and temperature)

The pH and temperature has been found as important environmental parameters
affecting the microbial growth, activity and degradation potential of toxins in laboratory
and natural conditions. Effect of different environmental parameters like temperature
(20-40°C) and pH (5-9) were studied to find out their effects on lindane degradation by
methanotrophic isolates. The Methylosinus trichosporium strain URRH3 was used as
reference control in all the experiments. The maximum degradation of lindane was
obtained at neutral (pH 7.0) after 20 days of incubation time (Figure 6.8). But when the

pH was increased the growth of methanotrophic isolates was decreased.
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0.2 SB1JS02
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0 T T T T . SBJS03
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Figure 6.8 Effect of pH on growth of methanotrophic isolates with 40 mg L™ lindane
on 20" day of incubation.
When temperature was considered at environmental driver at 30 °C maximum
degradation of lindane was observed on 20" days of incubation time (Figure 6.9).
However, when the temperature was increased the growth of different methanotrophic

isolates was decreased significantly. Similar results were observed by Benemeli et al.
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(2007) showing maximum lindane removal by Streptomyces sp. at pH 7 and
temperature 30 °C.

This suggested that as the pH and temperature increases from lower to higher
values, the growth and lindane degradation potential of methanotrophic isolates were
also decreases. The negative effect of higher pH and temperature on the lindane
degradation activity of bacterial cultures was also demonstrated by several investigators
(De Paolis et al., 2013; Salam and Das, 2014). The 30 °C reported as optimum
temperature for lindane reduction in present study is in conformity to the results of
Quintero et al. (2005a). However, Nagata et al. (2007) reported 37 °C temperature was
optimum for lindane resistant E. coli strain. Further, the 30°C as incubation
temperature has been found as optimum temperature for lindane degradation as reported

by Zhang et al. (2010, 2012) and Salam et al. (2013).
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Figure 6.9 Effect of temperature on growth of methanotrophic isolates with 40 mg L™

lindane on 20™ day of incubation.
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6.3.5 GC-MS/MS Analysis

In order to investigate the end product during lindane degradation (after 20 days

of incubation) by most tolerant methanotrophic isolate SBJS03, the resulted samples

after degradation process were analyzed by GC-MS/MS technique. The results of

identified compound present at different RT peaks as shown in Table 6.2.

Table 6.2 The results of identified compound present at different RT peaks by GC-

MS/MS analyses

SNo RT Compounds identified by GC-MS/MS Molecular formula

1. 6.17 1, 2-Bis (trimethylsiloxy) ethane C8H2202Si2

2. 9.72 N,O,O-tri (trimethylsilyl) -1—c (13)-N-carboxy- C8H21INO3Si2
glycine

3. 12.14  3,6,9-trioxa- 2, 10-disilaundecane, 2, 2, 10, 10- C10H2603Si2
tetramethyl

4. 1841  (+-)-5-Hydroxy-6-(1-hydroxyethyl)-2,7- C14H1406
dimethoxynaph
thoquinoneThoquinone,

5. 25.08  7,9-di-tert-butyl-1-oxaspiro[4.5]deca-6,9-diene- C17H2403
2,8-dione

6. 27.31 Hexadecanoic acid, trimethylsilyl ester, C19H4002Si
Octadecanoic acid

7. 30.21  Octadecanoic acid, trimethylsilyl ester C21H4402Si

8. 39.30 a-D-Galactopyranoside, methyl C19H33B0O6Si2
2,3-bis-O-(trimethylsilyl)-, cyclic phenylboronate

9. 48.13 D-Ribofuranose, 1,2,3-tris-O-(trimethylsilyl)-, C26H14
bis(trimethylsilyl)

10. 51.28  1-Demethoxy-1,2-dehydro-12,13-seco- C24H33NO6

16apseudaconi
n-3,14-dione
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Unlike previous study (Mougin et al., 1996; Singh and Kuhad, 2000; Manickam
et al., 2007), in present study there is no clear cut detection of end product after lindane
degradation. Nagata et al. (2007) proposed degradation pathways of y-HCH in S.
japonicum  UT26. Compounds: 1 y-Hexachlorocyclohexane (y-HCH), 2
pentachlorocyclohexene (y-PCCH), 3 1,3.,4,6-tetrachloro-1,4-cyclohexadiene (1,4-
TCDN), 4 1,2,4-trichlorobenzene (1,2,4-TCB), 5 2,4,5-trichloro- 2,5-cyclohexadiene-1-
ol (2,4,5-DNOL), 6 2,5-dichlorophenol (2,5- DCP), 7 2,5-dichloro-2,5-cyclohexadiene-
1,4-diol (2,5-DDOL), 8 2,5-dichlorohydroquinone (2,5-DCHQ), 9 chlorohydroquinone
(CHQ), 10 hydroquinone (HQ), 11 acylchloride, 12 y-hydroxymuconic semialdehyde,
13 maleylacetate (MA; 2-maleylacetate, 4-oxohex-2- enedioate), 14 B-ketoadipate (3-
oxoadipate), 15 3-oxoadipyl-CoA, 16 succinyl-CoA, 17 acetyl-CoA, 18 2,6
dichlorohydroquinone (2,6- DCHQ), and 19 2-chloromaleylacetate (2-CMA). The
TCA, citrate/tricarboxylic acid cycle; GSH, glutathione (reduced form); GS-SG,

glutathione (oxidized form).

The Methylosinus trichosporium SBJS03 showed the lindane degradation
potential which may be seen with clear peaks in GC-MS/MS chromatogram of cell
extract as shown in Figure 6.10. The GC-MS/MS spectra showed that the lindane might
be completely degraded therefore; final end product could not identified using the
available library database. The presence of end product was observed in between 6.17
to 48.13 RT minutes. No any intermediate product was found as reported by in previous
study. So, Methylosinus trichosporium SBJS03 was able to degrade lindane completely
without forming any end product as per data available in The National Institute of

Standards and Technology (NIST) library of high-quality database.
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Figure 6.10. GC-MS chromatograms of the soil sample after degradation of lindane by
methanotroph isolate SBJS03.

6.4 Conclusions

In present study the identified methanotrophic isolates SBRIJSO01, SBIJS02 and
SBJS03 were tolerant to different lindane concentrations. Lindane concentration (60 mg
L") was toxic to bacteria because a significant decrease in growth rates was noted in
almost all the methanotrophs isolates of present study. Among the methanotrophs
isolates the maximum specific growth rate was noted in Methylosinus trichosprium
SBJS03 strain at different environmental conditions and was positively correlated with
maximum release of chlorine. So, Methylosinus trichosprium SBJS03 strain could be a
good bioremediation tool for lindane residues and other related pesticides in soils. The
methanotrophs strains investigated in the present study are highly recommended for
bioremediation of soil systems contaminated by lindane and other chlorinated
pesticides. The results from present investigation showed that across different study

environmental parameters the pH (7.0) and temperature (30 °C) was main factors
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affecting methanotrophs growth at 40 mg L™ lindane concentration. Present study
provided an example of a methanotrophs isolates that degrade lindane, thus extending

the bioremediation potential of methanotrophs isolated from lindane contaminated soils.
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CHAPTER 7

CORRELATION ANALYSES BETWEEN SOIL PHYSICO-
CHEMICAL PROPERTIES, LINDANE PESTICIDES,
METHANOTROPHS DIVERSITY AND SOIL MICROBIAL
BIOMASS

7.1 Introduction

As in introduction chapter it is already stated that the aim of this research work
was to assess the status of soil physico-chemical soil properties, lindane residues
concentrations, methanotrophs abundance and community composition and soil
microbial biomass by selection of six different sites located in Lucknow and Renukoot
region of Sonebhadra district of Uttar Pradesh. The results showed that above selected
parameters varied significantly due to sites. The results in previous chapters showed
that the main reasons for a significant variations in above study parameters at two
different selected regions is due to variation in anthropogenic disturbances, soil organic
matter composition and vegetation covers. The previous study showed that soil physico-
chemical drivers and dominant vegetation covers at any sites significantly influence the
microbial activity and their biomass in soils. However, reports on soil lindane residue
concentrations and its relationship with methanotrophs diversity and soil microbial
biomass are almost unknown. It is assumed that soil lindane resides levels and soil
properties may influence the methanotrophs diversity/abundance and microbial biomass
levels at different selected sites of Lucknow and Renukoot region. Therefore, this study
also investigated correlation analyses between soil lindane pesticides concentrations,
soil physico-chemical properties, methanotrophs diversity and soil microbial biomass

levels.
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7.2 Material and Methods

For correlation analyses total number of soil samples collected from Lucknow
and Renukoot region was N=18 (6 sites % 3 replicates). The relationship between
lindane and organochlorine pesticides, soil physico-chemical properties, SMB-C, -N, -P
and methanotrophs were examined by Pearson correlation analyses. All the data in the
experiment were processed and calculated using the SPSS version 20 (IBM, Armonk,

NY, USA).

7.3 Results and Discussions
7.3.1 Correlation between organochlorine pesticide residues and soil physico-

chemical properties

The results of correlation analyses between soil organochlorine pesticide
residues and soil physico-chemical properties are shown in Table 7.1. The data showed
negative relationship between pesticides concentrations and soil physico-chemical
properties. But, no exact reason/information is available on how soil pollution/lindane
residues specifically affect the soil physico-chemical properties. However, it is well
reported that toxic soil pollutants may influence the beneficial soil microbial activity
involved in decay decomposition and mineralization complex plant/animal residues and
in turn may affect the soil nutrients organic-C, WHC, moisture contents, etc. it is also
reported that soil having high organic contents may have greater WHC and moisture
content. If the soils are polluted with toxic material like lindane pesticide, the microbial
community involved in generation of organic matter contents may get adversely
affected and in turn reduced WHC and moisture contents. It is suggested that the future
research on soil physico-chemical properties as affected by the soil pollutants like
lindane residues and its correlation with the soil functioning holds potential as the
complementary criteria for evaluating the soil properties and pollutant relationships

with rehabilitation progress in restoration ecology.
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Table 7.1 Pearson correlation analyses (2-tailed) between organochlorine pesticides and soil physico-chemical parameters across different
selected sites of Lucknow and Renukoot region.

Parameters o—-HCH f-HCH y-HCH  ALDRI PP- B-ENDO  PP-DDD OP- PP-DDT pH Temp. Moistur ~ EC Total- C Total-N Total-P NH;-
(ug g soil) N DDE DDT e N
a-HCH 1.000
B -HCH "
0.724 1.000
y-HCH " 1.000
0.832 0.359
ALDRIN 1.000
-0.157 -0.255 0.057
PP-DDE 1.000
-0.043 -0.221 -0.232 -0.452
B-ENDO " . 1.000
0.625 0.111 0.743 -0.260 0.299
PP-DDD " " . 1.000
0.807 0.217 0.937 -0.077 0.045 0.841
OP-DDT 1.000
0.725 0.845 0.393 0.116 0.005 0.360 0.944
PP-DDT 1.000
0.626" 0.194 0.711" -0.427 0.271 0.935" 0.818" 0.192
Soil pH 1.000
0.222 -0.026 0.438 0.066 -0.032 0.509" 0482 -0.251 0.537
emperature X . 1.000
(°C) 0.553 0.548 0.313 -0.089 -0.081 0.091 0.254 0.058 -0.003 -0.277
Moisture 1.000
content (%) 0.008 -0.259 0.359 -0.100 -0.110 0.585" 0.370 -0.200 0.579° 0.644" -0.248
EC (uS cm) 1.000
-0.342 0.020 -0.435 0.527° -0.485 -0.839" -0.597" -0.313 -0.908" -0.540 0.197 -0.570°
Total-C 1.000
-0.192 0.070 -0.300 0.533 0472 -0.707" -0.442 -0.267 -0.770" -0.477 0.317 0.553" 0.925"
Total-N 1.000
-0.376 -0.398 -0.182 0.558" -0.230 -0.335 -0.219 -0.250 -0.404 -0.162 0.145 -0.056 0.371 0.322
Total-P R 1.000
0.257 -0.134 0.520° 0.123 0.022 0.574" 0.498° 0.076 0.527° 0473 -0.223 0.408 0.536" -0.440 -0.225
NHs-N ., | 1.000
0.380 0.092 0.514 -0.160 0.029 0.429 0.548 -0.246 0.452 0.194 0.329 0.152 -0.300 -0.073 -0.020 0.187

*Significant at P<0.05; **Significant at P<0.01
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7.3.2 Correlation between soil physico-chemical properties and soil microbial
biomass

Across different study sites of Lucknow and Renukoot region correlation analysis
between soil physico-chemical characteristics and SMB-C, -N and -P values shows
positive correlation with total-C, -N and EC while negative with soil moisture content,
pH, temperature, etc. (Table 7.2). A negative correlation between soil moisture and pH
suggests that these soil factors have significant influence on the distribution SMB in
soils of Lucknow and Renukoot region. Singh and Gupta (2018) reported that soil
organic content is key environmental drivers that significantly influence the SMB in
forest soils. Singh et al. (2010) noted that soil moisture content was negatively
correlated with SMB values in soils of forest and agro-ecosystem of dry tropical region.
Furthermore, the soil temperature and soil moisture contents are more crucial soil
drivers that may impart effects on soil microbial population, activity and their biomass,
therefore, in this study these soil drivers are negatively related with SMB. The soil
moisture levels in any ecosystems may effectively enhance the nutrient and oxygen
supply for the microbial growth, hence this can be considered as key controlling
microbial activity in soil. Further the soil stresses and land degradation are directly
correlated with loss of microbial diversity and abundance. Therefore, alleviating soil
stresses on soil microbial communities due to ecological restoration may enhance the
levels of SMB. It seems that the key ecological factors which stabilize the SMB levels
may play an important role in the soil nutrient dynamics and ecosystem productivity.
Because of the existing public concern about the deleterious impacts of soil pollution
and degradation, there is an increasing interest in improving the understanding of soil
microbial dynamics/diversity/biomass, and the way, it contributes in functioning and

restoration of ecosystems.
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Table 7.2 Pearson correlation (2-tailed) analyses between soil physico-chemical parameters and soil microbial biomass—C, —N and —P across

different selected sites of Lucknow and Renukoot region.

Parameters Soil pH Temperature Moisture EC Total-C ~ Total-N  Total-P  NH4-N SMB-C  SMB-N SMB-P
(ug g soil) content (%)  (uS cm™)
Soil pH 1.000
Temperature (°C) -0.277 1.000
Moisture content (%) 1.000
0.644" -0.248
EC (uS cm™) 1.000
-0.540" 0.197 -0.570"
Total-C 1.000
-0.477 0.317 -0.553" 0.925"
Total-N -0.162 0.145 -0.056 0371 0322 1000
Total-P 0473 -0.223 0.408 -0.536" 0440  -0225 1000
NH,-N 0.194 0.329 0.152 -0.300 20073  -0.020 0187  1.000
SMB-C -0.251 -0.334 -0.105 0.740" 0614~ 0464  -0287  -0282 1000
SMB-N -0.445 -0.142 0373 0.867" 0702 0326  -0571" -0403 0862 1000
SMB-P -0.408 -0.401 -0.351 0.597™ 04777 0204  -0418  -0345 0802 0782 1000

*Significant at P<0.05; **Significant at P<0.01
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7.3.3 Correlation between organochlorine pesticide residues and soil microbial
biomass

In this study, a negative correlation between soil pesticides (HCH and OCPs)
residues and SMB-C, -N and -P quantity was noted. Since the soil pesticides are lethal
compounds and may adversely affects the microbial growth/biomass therefore, higher
concentration of pesticides may show negative relationships with pesticides residues.
The negative correlation between HCH and OCPs residues and SMB-C, -N and —P
values indicates that an increase in the concentration of these soil pesticides resulted in
a decrease in SMB values. However, the exact reason about negative relationship
between HCH and OCPs residues with SMB-C, -N and —P is not known yet. Brantner
and Senko, (2014) also reported that soil pesticide pollution negatively affect the
microbial community and their activity in soil ecosystems. However, Sun et al. (2018)
reported that OCPs soil pollution was not influential to soil functioning of agro-
ecosystem in China. Saez et al., (2018) also demonstrated that microbial population
was not affected by the soil lindane contamination. The presence of higher
concentration of HCH and OCPs residues in soils may pose potential hazardous effects
on soil microorganisms and can suppress the growth of microbes and their biomass.
Martinez et al. (1993) reported that lindane significantly decreases the population of
chemoautotrophic nitrifying bacteria, but it does not influence the population of
heterotrophic bacteria. Rodriguz and Toranzos, (2003) reported a reduction in bacterial
population and a reduced rate of substrate utilization when lindane (100 mg kg) was
applied artificially in soils. The negative relationship between HCH (o —HCH, B —HCH
and y —HCH) residues and SMB-C, -N and -P levels indicates that these HCH residues
are potent pesticides and an increase in concentrations of these pesticides residues

significantly reduces the soil microbial community and biomass.
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Table 7.3. Pearson’s correlation (2-tailed) between organochlorine pesticides and soil microbial biomass—C, —N and —P across different

selected sites of Lucknow and Renukoot region.

Parameters o —HCH __ Bp—HCH y—HCH _ ALDRIN PP-DDE __ B-ENDO PP-DDD  OP-DDT PP-DDT _ SMB-C SMBN __ SMB-P
(ng g soil)

«—HCH 1.000

f-HCH 0.724%*  1.000

v-HCH 0.832%% 0359 1.000

ALDRIN 0.157 0255 0.570 1.000

PP-DDE 20.043 20221 -0.232 0452 1000

B-ENDO g o5 0111 0.743%* 0260 0299 1.000

PP-DDD 0.807%* 0217 0.937%* 0077 0450 0.841%x  1.000

OP-DDT 0.089 0050  -0214 0384 0.629% 0.230 0.018 1.000

PP-DDT 0.626 0.194 0.711% 0427 0271 0935+ o818+ o192 1000

SMB-C L0.789%%  -0.539%*  .0.520% 0.550%  -0.449 0.746%%  -0.649%%  -0.485¢  "0-796"*  1.000

SMB-N 0.664%% 0158 -0.684* 0.364 0437 0913%F 08300 0374 092" 0.862% 1.000

SMB-P L0.855%%  -0.558%  -818** 0.141 0.006* 0.805%*%  -0.800%* -0.079  0796*F  0802% 0.782%% — 1.000

*Significant at P<0.05; **Significant at P<0.01
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7.4 Conclusions

The result shows that SMB-C, -N, and -P and soil physico-chemical properties
are good indicators of the soil. Present study resulted that disturbances of soil properties
in Lucknow have low SMB-C, -N, and -P, where as soil sample of Renukoot region
have higher SMB comparatively to Lucknow soil because of forest area less disturbed
soil. It is evident that over time recycling of inorganic and organic nutrient via litter
returns significantly increases the soil organic matter content and improves the soil
methanotrophs abundance and SMB status of undisturbed natural forest. Present study
also indicate that soil methanotrophs abundance and SMB levels decreases with soil
depth, which is likely linked to decreased soil organic/nutrient matter, soil moisture
availability. Thus, it is clear that soil lindane residue concentrations, physico-chemical

properties affect soil methanotrophs abundance/diversity and SMB values.

The results suggested that disturbance in soil physico-chemical condition due to
forest cutting by anthropogenic activity may lead to disturbances in soil moisture,
WHC, organic matter and consequently showed a negative relationship with the SMB
values. It is clear that different plant species via their quality and quantity of litter
inputs, strongly affect the soil methanotrophs community and SMB level can serve as
potential key ecological indicators of soil quality. This research recommended a
plantation with suitable naive broad -leaved species to restore the soil methanotroph
community and SMB levels of degraded nutrient poor soils of Lucknow region and
other parts of India. This study suggests that continuous routine assessment and
monitoring of HCH, OCPs and other lethal pesticides in the Lucknow, Renukoot and
other regions is essential for the control, prevention and to minimize contamination and
health risk of concerned people. Further, the results of this study confirmed that

variations in soil physico-chemical properties and HCH and OCPs residues may
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significantly affect the SMB-C, -N and —P compositions. Therefore, removal of lethal
HCH and OCPs residues from soils via bioremediation/ phytoremediation can be a
viable and eco-friendly soil management practice to improve the beneficial species of
soil microbial communities and biomass which may consequently support the soil,

agriculture and environmental sustainability.
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CHAPTER 8

SUMMARY

In present study, two study regions namely Lucknow (having IPL Chinhat,
Chakhar village and Maati village) and Renukoot (having Adjacent to ABCIL, Sheo
Park Bazar and Donki Nala) located in Uttar Pradesh state of India, were considered
with following objectives:

1. To analyse the lindane residues in collected soil samples from lindane
contaminated sites/area.
2. To study the soil methanotrophs compositions and microbial biomass-C, -N and

-P from lindane contaminated sites.

3. To monitor the methanotrophic strains for lindane degradation tolerance level.

4. To assess the lindane degradation potential of identified methanotrophic strains
at different environmental conditions.

5. To examine the end products during lindane degradation by methanotrophs in

laboratory conditions.
Soil physico-chemical properties

The results revealed that soil samples collected from Lucknow and Renukoot
regions are slightly acidic in nature with pH values ranged from 6.1 to 6.9. The
moisture content (%) for both the study region varied from 2.77 to 6.90 %. The
electrical conductivity (EC) was found between 305.2 to 676.6 pS cm'across the study
sites. Across the study sites, the total-C was found to be maximum (11, 250.5 pg g
soil) in soil samples of Renukoot region and minimum (6,105.2 pg g soil) in soils of
Lucknow region. Similarly, the total-N was measured maximum (705.6 pg g soil) at

S5 (Renukoot site) and minimum (500.5 pg g™ soil) at S1 (Lucknow site), respectively.
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Across study sites the total-P was found minimum (567.5 pg g"') at S1 and maximum
(766.2 pg g™ at S5 respectively, Lucknow and Renukoot sites. The soil NH,-N content
was found maximum in S6 (17.2 + 1.9 ug g™') site of Renukoot region and minimum at
S1 (6.8 + 0.83 pg g") site of Lucknow region. The higher total-C, —N and —P in the
soils of Renukoot region compared to Lucknow region could be because soils of
Renukoot region receives more plant litters via forest vegetation compared to Lucknow

urban area.

Lindane residues

The GC and GC-MS/MS analysis of collected soil samples showed that the
pesticides residues of HCH were found in collected soils of both the Lucknow and
Renukoot region. The results confirm the presence of HCH isomers and OCPs such as
a-HCH, B-HCH, y-HCH, Aldrin, PP-DDE, B- Endo, PP-DDD, OP- DDT and PP- DDT
in soil both the regions. The HCH residues in soil samples in Lucknow region were
found comparatively higher concentration as compared to Renukoot region and varied
significantly due to sites. Among the HCH isomers, the concentration of a-HCH and -
HCH were found higher in soil samples of Lucknow region and varied from 309.97 and
182.12 pg g soil, respectively. The B-HCH was highest (169.15 ug g soil) at S4
while lowest (5.93 + 1.05 pg g’ soil) at S5 site. The Aldrin was highest (0.02 pg g’
soil) at S6 and lowest (0.006 pg g soil) in soil of S4 site. The low concentration of
pesticide residues in soils of Renukoot region compared to Lucknow region could be
low anthropogenic interference because of lesser dense human population and
agriculture activities. The results also showed that Folpet (fungicide) was also detected
in soil of Lucknow region. The Captan compound was also detected in soils of
Renukoot region. In Lucknow region on RT- 21.81, a-lindane and on RT 28.18 Captan,

on RT 28.35 Folpet was confirmed by GC-MS/MS and at Renukoot region on RT-
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28.18 Captan was detected. All these results shows that the soil samples of sites S1 and
S2, S3 were also contaminated with the persistent organic pollutants.
Methanotrophs community composition

The cream and pink colour colonies on NMS (nitrate mineral salt media)
specific media for the isolation of methanotrophs confirmed the growth of aerobic
methanotrophs. After several rounds of streaking from plate to plate, pure colonies were
obtained on the plates. The colonies were observed to be cream or pink in colour, round
and measuring about 1 mm in diameter. The cells were found to be motile and Gram-
stain negative. Different morphology of methanotrophs was observed during cultivation
period. After incubation period (2-3 weeks), the methanotrophic bacterial growth on
Petri plates was observed which indicates the presence of methanotrophs in lindane
contaminated site of Lucknow and Renukoot region. The result demonstrated that
methanotrophic population in Renukoot region was significantly higher than Lucknow
region due to large forest area and soil having higher amount of organic contents which
contributes growth of methanotrophs in well aerated soil. Out of these 15
methanotrophic isolates only three (SBRJS01, SBIJS02 and SBJS03) potential isolates
were selected for further study.

Metagenomics is used for the detection, identification and relative quantification
of environmental microorganisms. The growing accessibility of next generation DNA
sequencing (NGS) methods has greatly advanced our understanding of microbial
diversity in medical and environmental science. In this study, high-throughput
metagenomic sequencing provided a powerful strategy to investigate the methanotrophs
community structure and functional potential associated in lindane contaminated soil.
Alpha diversity is a measurement of richness and relative abundance of bacteria within

the sample.
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The contaminated soil contained 44,946 reads having 42,981 classified and
1,965 non-classified reads of bacterial population. The metagenomics of soil sample
showed that the total number of methanotrophs present in selected site was 676.
Further, the methanotrophic community composition in lindane contaminated Renukoot
soil. Significant differences in methanotrophs community composition were found
among soils exposed to distinct land utilization patterns and lindane contaminated sites
of Lucknow and Renukoot region. The lindane concentration and soil organic matter
concentrations seem to have major effects on methanotrophs community composition
and abundance. The lower number of methanotrophs community in soil of Lucknow
region compared to Renukoot region soil (Chapter 5; Table 5.8 and Figure 5.11) could
be due to higher concentration of lindane residues at the soil of former site. Given the
fact that the dense vegetation covers at Renukoot site could be a critical factor for the
greater abundance and community composition of soil methanotrophs compared to
Lucknow site. Similar to this study the investigation of Chen et al. (2008) also
demonstrated that the abundance and community composition size of methanotroph was
decreased because of removal of the standing vegetation cover. The high proportion of
physiologically distinct methanotrophs abundance in forest uplands (Renukoot) versus
disturbed urban (Lucknow) soils clearly indicated that land use changes and
anthropogenic disturbances could particularly select for a certain community of
methanotrophs, possibly by altering ecological niches such as nutrient concentration
and chemical (lindane) status of targeted bacteria.
Soil microbial biomass

The data on SMB-C, -N, -P (ug g soil) across different study sites of Lucknow
and Renukoot region are presented in Table 5.9. ANOVA revealed significant variation

(P < 0.001) in SMB-C, -N and —P values due to sites and being highest in soils of
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Renukoot region. The SMB-C quantity across the sites ranged from 102.7 (S1) to 389.3
(S5) nug g soil. Similarly the SMB-N ranged from 15.8 (S3) to 69.1 (S5) pg g soil.
The values of SMB-P ranged between 12.2 (S3) to 32.9 (S5) pug g soil (Table 5.9). A
significant variation in values of SMB-C, -N, -P in both the study region may be
because the organic contents and quality due to the variation in vegetation compositions
and anthropogenic activities (Singh et al., 2010). Since the six selected sites and
regions of present study varied in terms of soil physico-chemical properties, HCH and
OCPs residues concentrations and vegetation composition therefore, significant
variations in SMB—C, —N and —P contents among sites may be also expected. It possible
that across Lucknow and Renukoot region that high SMB-C, -N and -P at S4, S5 and S6
sites of Renukoot region may be because of more suitable soil conditions, sufficient soil
moisture contents, organic matters via availability of sufficient quantity of plant litters.
The unfavourable soil moisture condition and low organic matter contents at S1, S2 and
S3 sites of Lucknow region could suppress the SMB quantity too.

The selected sites (S1 to S6) distributed in Lucknow and Renukoot region varied
significantly interms  of soil  physico-chemical properties (total-C, -N, -
P, moisture contents, pH, etc.), pesticides (HCH and OCPs) residues and SMB-C -N
and -P values. The soils of Lucknow region sites, having higher amount of pesticides
residues, may reduces the SMB-C -N and -P quantity compared to sites of Renukoot
region. A higher litters and plant residues available at sites of Renukoot region due to
dense natural forest soil as compared to Lucknow urban region sites, may considerably
enhances the favourable soil conditions and therefore, a higher SMB-C, -N and -P
values at sites of Renukoot region might be expected. A negative correlation between
pesticides (lindane residues) concentrations and SMB-C, -N and -P suggests that higher

HCH and OCPs present in soil may adversely influence the growth and multiplication
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of microbial diversity/biomass (Chapter 5; Table 5.10). The results of this study
strongly confirms that variations in soil physico-chemical properties and HCH and
OCPs residues may significantly affects the SMB-C, -N and -P compositions.
Therefore, removal of lethal HCH and OCPs residues from soils via bioremediation/
phytoremediation can be a viable and eco-friendly soil management practice to improve
the beneficial species of soil microbial communities and biomass which may

consequently support the soil, agriculture and environmental sustainability.

Tolerance level and degradation potential of methanotrophs at different
environmental conditions

After 20 day of incubation the three methanotrophic isolates (SBRIJSOI,
SBIJS02, and SBJS03) were monitored for their potential to withstand at different
lindane concentrations (10 mgL™", 20 mg L™, 30 mg L™, 40 mg L™, 50 mg L' and 60
mg L) by inoculating into NMS broth media. Across different doses of lindane
compared to control (Methylosinus trichosporium URRH3) the SBRJS01, SBIJS02 and
SBJS03 showed maximum growth in terms of turbidity (Chapter 6; Figure 6.1 and
Figure 6.2) at 40 mg L' lindane concentration. The growth of all methanotrophs

isolates was found to be diminished at higher lindane concentrations (50 and 60 mg L
b,

The methanotrophic isolates (SBRJS01, SBIJS02 and SBJS03) showing lindane
(40 mg L") degrading potential was subjected to 16S rDNA sequence analyses. The
National centre of biotechnology information (NCBI) database
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) was used as basic local alignment search tool
BLASTn to identify the most similar sequences. The comparative analysis of SBRJS01,

SBIJS02 and SBJS03 DNA sequences showed close relationship to the known

Page 134



Summary......

methanotrophs (already available NCBI database) Methylobacterium radiotolerans,
Methylobacterium radiotolerans and Methylosinus trichosporium (Chapter 6; Figure
6.3). The 16S rRNA sequences of SBRJS01, SBIJS02 and SBJS03 have been deposited
in GenBank indicated SBRJSO01 is a strain of Methylobacterium sp. (accession no.
MK481040), SBIJS02 is a strain of Methylobacterium radiotolerans (accession no.
MK481064) and SBJS03 is a strain of Methylosinus trichosporium (accession no.

MK3503991).

Dechlorination (removal of Chlorine atom from organic halogenic compounds)
is the main reaction in microbial mediated degradation of lindane. In dechlorination, Cl
atoms are substituted by hydrogen or hydroxyl group to the lindane (Camacho-Perez et
al., 2012). In present study during lindane degradation, a decrease in pH was observed
due to dechlorination of lindane. The coloured change in reaction mixture red to yellow
was confirmed the release of CL during lindane degradation process by the
methanotrophic isolates (Chapter 6; Figure 6.4). The quantification of chloride ion
concentration showed its gradual increase from 0 day to 20" day of incubation in
experimental setup and no significant increase were observed in control. The maximum
chlorine release and optical density (600 nm) was followed a trend as SBJS03 >
SBRJS01 > SBIJS02 > Control URRH3 at 20 days of incubation (Chapter 6; Figure 6.5
and 6.6). These results depict that SBRJSO01, SBIJS02 and SBJS03 isolated from
lindane contaminated soil have potential to utilize lindane as source of carbon in place
of CH4 because during incubation no methane was added. Further, it was confirmed that
the concentration of Cl ions in the NMS medium was measured highest at 20" days of
incubation. The maximum growth of methanotrophic isolates and lindane degradation
potential on 20" day of incubation at 40 mg L™ lindane concentration exhibited a linear

relationship between lindane degradation and chlorine release (Chapter 6; Figure 6.7).
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The pH and temperature has been found as important environmental parameters
affecting the microbial growth, activity and degradation potential of toxins in laboratory
and natural conditions. Effect of different environmental parameters like temperature
(20-40°C) and pH (5-9) were studied to find out their effects on lindane degradation by
methanotrophic isolates. The Methylosinus trichosporium strain URRH3 was used as
reference control in all the experiments. The maximum degradation of lindane was
obtained at neutral (pH 7.0) after 20 days of incubation time (Chapter 6; Figure 6.8).
But when the pH was increased the growth of methanotrophic isolates was decreased.
When temperature was considered at environmental driver at 30 °C maximum
degradation of lindane was observed on 20" days of incubation time (Figure 6.9).
However, when the temperature was increased the growth of different methanotrophic
isolates was decreased significantly. Similar results were observed by Benemeli et al.
(2007) showing maximum lindane removal by Streptomyces sp. at pH 7 and
temperature 30 °C. This suggested that as the pH and temperature increases from lower
to higher values, the growth and lindane degradation potential of methanotrophic
isolates were also decreases.

In order to investigate the end product during lindane degradation (after 20 days
of incubation) by most tolerant methanotrophic isolate SBJS03, the resulted samples
after degradation process were analyzed by GC-MS/MS technique. The results showed
the presence of lindane isomers at different RT peaks as shown in Chapter 6 (Table
6.2). The Methylosinus trichosporium SBJS03 showed the lindane degradation potential
which may be seen with clear peaks in GC-MS/MS chromatogram of cell extract as
shown in Chapter 6 (Figure 6.10). The GC-MS/MS spectra showed that the lindane
might be completely degraded therefore; final end product could not identified using the

available library database. The presence of end product was observed in between 6.17
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to 48.13 RT minutes. No any intermediate product was found as reported by in previous
study. So, Methylosinus trichosporium SBJS03 was able to degrade lindane completely
without forming any end product as per data available in The National Institute of

Standards and Technology (NIST) library of high-quality database.

In present study the identified methanotrophic isolates SBRJIS01, SBIJS02 and
SBJS03 were tolerant to different lindane concentrations. Lindane concentration (60 mg
L") was toxic to bacteria because a significant decrease in growth rates was noted in
almost all the methanotrophs isolates of present study. Among the methanotrophs
isolates the maximum specific growth rate was noted in Methylosinus trichosprium
SBJSO03 strain at different environmental conditions and was positively correlated with
maximum release of chlorine. So, Methylosinus trichosprium SBJS03 strain could be a
good bioremediation tool for lindane residues and other related pesticides in soils. The
methanotrophs strains investigated in the present study are highly recommended for
bioremediation of soil systems contaminated by lindane and other chlorinated
pesticides. The results from present investigation showed that across different study
environmental parameters the pH (7.0) and temperature (30 °C) was main factors
affecting methanotrophs growth at 40 mg L™ lindane concentration. Present study
provided an example of a methanotrophs isolates that degrade lindane, thus extending

the bioremediation potential of methanotrophs isolated from lindane contaminated soils.
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APPENDIX
METHANOTROPHIC COMMUNITY STRUCTURE FROM
LINDANE CONTAMINATED SITE

100% [l BACTERIA
<1% I EUKARYOTA

<1 1| ARCHAEA 44,946 42,981 1 ,965

Methylophaga B 676
Methylobacterium B 350
Methylocystis | 72
Methyloceanibacter | 40
Methylosinus | 31
Methylomonas | 31
Methylomicrobium | 19
Methylibium | 18
Methylotenera | 14
Methylococcus | 13
Methylocella 11
Methylacidiphilun o
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100% [l BACTERIA

<1% [l EUKARYOTA

<1% 1) ARCHAEA 44,946 42,981 1 ,965

Taxon = Cumulative Reads —
Methylophaga B 37
nitratireducenticrescens
Methylophaga frappieri B 2c2
Methylobacterium sp. C1 B 123
Methylobacterium nodulans 57
Methyloceanibacter caenitepidi | 40
Methylocystis sp. SC2 I 32
Methylosinus trichosporium I 31
Methylobacterium sp. 4-46 | 26
Methylocystis bryophila | 24
Methylomicrobiurm alcaliphilum | 19
Methylococcus capsulatus | 13
Methylomonas denitrificans | 12
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Lineage
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Abstract

In the present study, soil physico-chemical properties,

hexachlorocyclohexane (HCH) isomers and soil microbial biomass
(SMB) -C, —-N and —P were investigated by selecting 6 study sites
in Lucknow and Renukoot region of Uttar Pradesh of Northern
India. The ANOVA revealed significant variations soil physico-
chemical properties (P<0.02-<0.001), HCH residues concentrations
(P<0.005-<0.001), and SMB-C, -N and -P (P<0.001), across
different study sites. The GC and GC-MS/MS analysis showed that
soil samples were contaminated with HCH isomers (a-HCH, B-HCH,
y-HCH, and 8-HCH) and organochlorine pesticides (OCPs) like
aldrin, B-endosulphan and dichlorodiphenyltrichloroethane (DDT).
The concentration of HCH isomers ranged between 0.43-310.97 g
g soils in the samples of Lucknow region, whereas in the Renukoot
region the values ranged between 0.12-194.44 pg g soils. The
SMB-C, -N and P values were recorded maximum (365.2, 65.5
and 26.8 pg g soil, respectively) in soils of Renukoot region and
minimum (99.7, 15.8 and 12.2 pg g soil, respectively) at Lucknow
sites. Across different study sites the SMB-C, -N and —P values
were negatively correlated with HCH residues concentrations and
key soil drivers such as total-C, -N and electrical conductivity. The
result suggests that presence of lethal HCH and OCPs residues
persisting in soils negatively impacts the soil microbial diversity and
their biomass. Therefore, on-site monitoring and bioremediation of
HCH and OCPs might be more helpful for prevention and reduction
of toxic pollutants in the soil and its bad impacts on beneficial
microbes and living beings.

Keywords
HCH; GC-MS/MS; Lindane; Organochlorine pesticides; POPs

Introduction

Lindane, a highly debated common insecticide, severely restricted
under the international protocol, is mainly manufactured in India
and Romania. During 1 tonnes of lindane (y-hexachlorocyclohexane-
HCH) manufacturing about 9 tonnes of waste-a complex “muck” of
HCH residues are generated [1]. The y-HCH or lindane is purified
from rest of the HCH isomers and rest becomes “muck” which
becomes an environmental problem due to highly persistence nature
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Pradesh, India, Tel: 915222440822; E-mail: jayshankar_1@yahoo.co.in
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[2]. At the same time as the application of the lindane is matter of
discussion in the west and international forums, the spontaneous
production of lindane in a developing country like India, with
negligent environmental protection laws and occupational safety
regulations, leads to generation of dangerous dumping sites
(stockpiles). The dumping sites contains highly persistent toxic
wastes and are illegally disposed in the country sides, water reservoirs,
agricultural fields and most likely in the bodies of people and cattle
residing nearby the dumping sites located close to lindane producing
industries.

The organochlorine pesticides (OCPs) have long residual action
and are persistent in the environment without losing their toxicity
[3]. The soils contaminated with organochlorine pesticides are
turning into gradual re-emission sources, which can cause lasting
damage to the environment [4]. Most of the countries have banned
the use of xenobiotic compounds, but some are still using Lindane
(y-HCH) for economic reasons and new sites are consequently
being contaminated with pesticides. In addition, the HCH isomers
are commonly used against lice infestations [5]. In 2009, lindane
together with a- and p-HCH was added to the list of POPs under
the Stockholm Convention, which signified that HCH contamination
has been a matter of global concern [6]. The use of HCHs (a mixture
of a, B, y, 6, and ¢ HCH isomers) and the purified lindane (y-HCH,
the only isomer with insecticidal properties) in the agricultural sector
and, in a less extent, for public health purposes [7, 8] has resulted
into serious contamination problem globally due to their occurrence
in aquatic, soil and air environment [9-12]. As a result it has been
estimated that there are huge accumulations of HCHs in different
environments worldwide [13]. Organochlorine pesticides (OCPs)
have been commonly used across the world to control agricultural
pests and vector born diseases [14]. For many years, humans have
enjoyed the benefits of using pesticides to control weeds, insects,
pathogenic fungi, parasites and rodent pests in crops. Pesticides are
the only effective means of controlling pathogens, weeds or insect
pests in many circumstances [15]. It has been estimated that about 10
million tons of the technical HCH have been used globally from 1948
to 1997 [16, 17].

In the production of lindane, waste of HCH isomers also
generated with no insecticidal properties (commonly called as ‘muck’;
65-70% of a-HCH, 7-10% of $-HCH, 75% of 8-HCH, 1-2% of
e-HCH, <2% of n-and 6-HCH) [18]. Though the use of pesticides has
offered considerable economic benefits by enhancing the production
and yield of crops but at the same time these persistent organic
pollutants (POPs) causes severe environmental hazards and threat
to living beings. It is not known, how the HCH isomers quantities
impact the microbial community and biomass in the soils. Therefore,
identification and quantification of these chemical pesticides in soils
may provide important information regarding their correlation with
microbial community and removal from the soil and environment.

The soil microbial biomass (SMB) has been considered as an
important source of plant nutrients in nutrient poor soils and
agriculture and natural forest. Land-use changes and deforestation
have important effect not only for availability of inorganic nutrients
but also for SMB levels. Hence, any disturbances in soil SMB pools
could be one of the crucial aspects which may naturally affect the
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ARTICLEINFO ABSTRACT

Land use changes such as transformation of natural landscapes, forest degradation and increase in croplands due
to human activities are considered amongst the most influential ecological disturbances affecting soil, ecosys-
tems and 1 inability. The p: works from India are limited to show that soil disturbances
influence abiotic and biotic factors along a rural-urban gradient. i in soil microbial biomass
(SMB) -C, -N and -P quantity due to land use changes at different soil depths across different land use types
remain poorly understood on comparative ground. We investigated the impact of land use types on soil prop-
erties and SMB -C, -N and P levels across different soil depths (0-10, 10-20 and 20-30cm) in dry tropical
uplands. Four land use types/covers (natural forest, mixed forest, savanna and agriculture land) were selected.
The present study is based on two hypotheses: i) different land use types affect SMB levels in top surface soil
(0-10cm), but have less effects in deeper soil profiles (20-30cm); and ii) SMB levels in top surface soil are
highest in natural forest, followed by mixed forest and then savanna and agriculture lands. ANOVA showed
significant differences in SMB values due to land use covers (P < 0.001), soil depths (P < 0.001) and land use
types x soil depths interaction (P < 0.001). Although, there had no effect of land use types on SMB levels in
deeper soil profiles (20-30 cm) but soil parameters (soil pH, soil moisture, soil temperature, total-N, C/N ratio
and organic-C) significantly affect SMB levels in top surface (0-10 cm) soil. The study suggests that SMB may be

Keywords:

Land use changes

Soil microbial biomass-C
Soil microbial biomass-N
Soil microbial biomass-P

considered as a key indicator of soil fertility index, while land use practices are a major cause for loss of mi-

crobial ity

biomass in dry tropical upland soil.

1. Introduction

Land-use change (LUC) is one of the main global environmental
disturbances, greatly contributing to climate change, loss of ecosystem
services and microbial species diversity (Maharjan et al, 2017;
Leeuwen et al,, 2017). Land-use conversion has been considered as an
intensive anthropogenic activity which strongly alters the soil eco-
system functioning (Pabst et al., 2013; Cao et al., 2017) - specifically
the tropical soils, since they are nutrient-limited and highly weathered
(Tilman et al., 2001; Singh and Gupta, 2018). The land use manage-
ment practices may influence the functional roles of soil microorgan-
isms through modification of the quantity and quality of organic matter
inputs (Steenwerth et al., 2002; Jin et al., 2010). The degradation rate
of natural tropical forest, which covers 7% of the earth's surface, is

* Corresponding author.
E-mail address: jayshankar_1@yahoo.co.in (J.5. Singh).

https://doi.org/10.1016/] jenvman.2019.04.052

~15.4 million ha year™" (Parrotta et al., 1997; Kumar and Ghoshal,
2014). Conversion of forest to agriculture and intensive farming prac-
tices contribute to the loss of soil organic matter (Lagomarsino et al,,
2011), alters microbial activities and ultimately affect soil quality
(Schloter et al., 2003; Kumar and Ghoshal, 2017), Nowadays, to satisfy
the human food demands, better land use management practices such
as reduced inputs of synthetic fertilizers, promotion of organic farming
and bio-fertilizer technology, restoration of degraded land, afforesta-
tion, etc. may be crucial for the improvement of soil and environmental
quality management (Singh, 2015a, b).

The rapid growth rate of population caused by urbanization in
northern India requires additional farmlands for the production of
crops. One way is to expand the tillable area by clearing the forests and
converting pastures into farming land (L. Deng et al, 2014).
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OPINION

Climate Change Resilient Crops to Sustain Indian Agriculture

Jay Shankar Singh'* « Siddharth Boudh®

Abstract The agriculture sector in India is susceptible to
the frequent and erratic climatic irregularities. Anticipated
changes in the climate due to intensive anthropogenic
activities may cause worst conditions. Models of crop
production, considered together with global climate models,
indicated that global warming would increase the exposure
of major crops to temperature stress, leading ultimately to
lower crop yields. Such decrease in yields varied
significantly across different states of the country, and there
remained significant uncertainties about their magnitude.
Various studies also indicated that climatic variability alone
had the potential to decrease yields to an extent comparable
with or greater than the decrease in yields expected due to
rising mean temperatures. The climatic changes led to
inerease in temperature and water stress, which caused heavy
losses in yield of any crop. It may be a big challenge for the
agriculture scientists and country leaders to feed the coming
future Indian population sufficiently. Development of new
climate resilient crop varieties, generation of renewable
energy resources and use of green technologies might be
helpful for mitigating the impact of climate change and
sustained agriculture productivity in near future. To cope
with intense changes as projected in climate, new research
paradigm of bringing all stake holders is urgently required
to establish suitable long-term strategies for addressing the
Indian agriculture sustainability.

Keywords Agriculture, Climate change, Drought, Floods,
GHGs.

1. Introduction

Agriculture is one of the most vulnerable sectors to the
climate change (Singh ef al., 2011a,b). The anticipated
changes in climate as well as their associated impacts are all
likely to affect substantially the potential of future agriculture
in India. Despite the technological advances in the Green
Revolution during 1967-1968 onwards, weather and climate

are the basic deciding factors in the agricultural productivity.
Agriculture in India is extremely diverse in the range of crops
grown and livestock raised. Climate change will increase
productivity of certain crops and regions with inferior quality
in short—term but ultimately it will affect negatively over
the longer period. Crop responses in a variable climate reflect
the interplay among three main factors: (i) increasing
temperature (i1) changing water resources and (1i1) increasing
carbon dioxide (CO,) concentration. In this communication,
various issues related to the impact of climate change on
agriculture production in the country and future research
directions have been discussed.

One of the potential threats to the Indian agriculture is
the disturbances in rainfall pattern due to climate change.
The shifting in onset monsoon is causing the disturbances
in crop cultivation, and consequently, reduced agriculture
production and its sustainability. Thus, India is one of the
most vulnerable countries to climate change that is affecting
agricultural yields. For the last one decade, India has been
witnessing too many climatie shifts and natural calamities.
The country has been frequently facing severe natural
disasters such as floods, droughts, whereas Uttar Pradesh
(UP) and Gujarat region has faced one of the worst situations
of the last decade. The impact of climate change has
adversely affected agricultural production resulting in huge
loss of paddy and other crops in eastern districts and regional
crops in the country (Singh, 2013a,b). Climatic disturbances
have brought prevalent unhappiness and huge economic
losses to the nation, adversely affecting public health, food
security, water resources and biodiversity in the country.
Floods are the most common annual occurrences in most of
the states particularly Bihar, Assam, Jammu Kashmir, Uttar
Pradesh: the most affected being the districts of the eastern
UP and Terai region. Agriculture in India is very much
weather-dependent (monsoon) and therefore, it may be said
that Indian agriculture is nothing but gamble of the monsoon.
It has been frequently observing that reduced amount of
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19.1 Introduction

Persistent organic pollutants (POPS) are bosccumulative, tonie chemicals persistent in nature that do not break down
easily in the environment. The POPs are synthetic chemicals that can canse harmful effects on human health and ani-
muls. POPs are chemically stable and do not readily degrade in the environment. POPs are lipophilic (have an affimty
for futs) and ensily soluble in fat and biomagnified as they move up thouogh the food chain, They can travel long dis-
tances on wind and water and can be found in regions far away from their points of origin or use, These compounds are
sermivolatile in mature and becawse of their physicochermical property they can occur either in vapor phase or can be
abworbed in atmospheric particles. These properties help them in their wide ranging transportation in the atmosphere,
POPs have become widespread envimonmental contaminants and a global problem, and due to rapd industrial develop-
ment and human activities POPs have become lethal 10 mankind. Some major organie chemical compounds that cause
comtamination in envimmment are organochloring pesticides (CPs), polveyelic aromatic hydmearbons (PAHS), poaly-
chlornated biphenyls (PCBs), dioxins, and dibenzofurans (Ersekova et al., 2004),

Variows remediation technologies are being developed to treat these pollutants, These compounds sty intact within
the environment massively for a long tme period becanse of their nonbodegradable nature, that 15, they resist photo-
Iytic, chemical, and biological degradation. In addition, these compounds am of great concern becanse of long-mnge
transport, persistent nuture, and hiosccumuolation tendency: once they enter into the food chain they gt acoumulated in
the fatty tissue of the human body and pose a risk w0 cause adverse effects o the environment, wildhfe, and human
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Chapiler 12 @
Pesticide Contamination: Environmental e
Problems and Remediation Strategies

Siddharth Bowdh and Jay Shankar Singh

Abstract Pesticides are the chemicals used in the control of weeds and pesis. The
larger inputs of pesticides and Fertilisers contaminate food commedities with trace
amounts of chemical pesticides and its invasion in crops causes diseases, which isa
growing source of concern for the universal popualation and environment in boday’s
world. The extensive utilisation of pesticides po=sibly enhances their sccumulation
in the agriculinral fields and environmental components, such as enlarged farms,
field sizes. loss of landscape elements eic. Meventheless, their boow bicdegradabil ity
has classified these chemical subsiances as a persistent toxic elemnent. Forthermaore,
organc-chlorine pesticides have caused multiple problems of health harards, swch
as acute and chronic ettects including developmental eftects and neurtddogical dis-
ruptors in humans and animals. The biological stability of pesticides and the higher
content of lipophilicity in food products create a significant effiect on the physical
condition of buman beings and animals. A= the bic-sccumulation and bio-
magnification of lethal pesticides are the main cause of the loss of plants. microbes
and animal bicdiversity. therefore, microbially based bicremediation of toxic pol-
lntant= from the polluted sites has been proposed to be a safe and sustainable means
of decontaminating the envircmment. In this communication. we have tried o
explain the source of environmental pollution by pesticides. its harardous effects on

living heings and remediation stmtegieg

Keywords Fertilisers - Pesticide - Bioremediation technologies - Composting

1 Introduction

Environmental exposure to toxic chemicals such as pesticides is a significant health

risk to humans and other animals {Azmi et al. 26 Kiefer and Firestone 2007;
Hothlein et al. 2 Singh et al. 2011 L U=z of erganochionne pestcides (LS (e
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Chapter 11
Microbial-Mediated Lindane Bioremediation

Siddharth Boudh, Shashank Tiwari, and Jay Shankar Singh

Abstract Hexachlorocyclohexane (HCH), commonly known as lindane, 1s the
term which collectively identifies the eight isomers of the HCH. The lindane has
only insecticidal properties and also considered as most toxic isomer of the
HCH. The lindane has been listed as a persistent organic pollutant (POPs) under
Stockholm Convention on June 29, 2005. More than 52 countries not only globally
banned for its formulation but also use of lindane in any form. After knowing facts
regarding its toxicity, persistence nature, and bioaccumulation, some countries are
still producing and exporting the lindane on large scale. The countries involved in
lindane formulation are creating dumping sites which are the major source of lin-
dane contamination to the adjoining area. The lindane deposited in the cultivated
soils is also affecting to the non-target organisms. Apart from this, scientists start
working on its degradation and find out that bioremediation is the easiest, cheapest,
and safest way to remove the lindane from contaminated sites. Bioremediation by
the microalgae could help in decontaminating polluted aquatic ecosystems and in
¢leaning the effluents before they are discharged into aquatic systems. Many micro-
organisms show tremendous potential in lindane degradation. The present review
article describes about all known possible lindane-degrading microorganisms used
for its bioremediation and also concise advanced techniques used for this purpose.

Keywords Bioremediation * Lindane + Microbes » Nanoparticles = Persistent
organic pollutant
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Chapter 7

Biochar Application in Management of Paddy
Crop Production and Methane Mitigation

Chhatarpal Singh, Shashank Tiwari, Siddharth Boudh,
and Jay Shankar Singh

Abstract Paddy agriculture is one of the major anthropogenic sources of methane
(CH,) emission at global level. A decrease in CHy release in the atmosphere from
paddy fields can add significantly to the management of global warming and climate
change. Biochar production and application in agriculture prepared from crop straw
has been proposed as one of the effective countermeasure to mitigate the greenhouse
gas emissions (GHGs) during farming. Biochar, a co-product of a controlled pyrolysis
process, can be used as a tool to offset GHGs emissions and as a soil conditioner.
Biochar application increased rice productivity, soil pH, soil organic carbon, total N but
decreased soil bulk density in the long term. Recent studies have confirmed that the
use of biochar in paddy agriculture has the capability to minimise the CH, production,
but its essential mechanism has yet to be clarified. The additions of biochar to the
agriculture soil showed higher CH, consumption because it improves soil aeration and
porosity and enhances methanotrophs performance. However, further investigations
are needed to evaluate the effect of biochar addition on net CH, emissions and con-
sumptions, respectively, by methanogens and methanotrophs. Long-term experiments
should be conducted to monitor any changes over the years on the influence of biochar
amendments on soil-methanotrophs—paddy systems.

Keywords Biochar « GHGs « Methane « Methanotrophs « Paddy
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