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Abstract

The detritivorous soil microarthropods are ideal models for environmental health
assessment, but only scant information is available on their biomarker potentials
against xenobiotics in the tropical edaphic conditions. This microcosm study has
estimated short-term biochemical changes with respect to tissue nutrient levels and
digestive enzyme activities in a near cosmopolitan Col- lembola Cyphoderus javanus
Borner exposed to coal fly ash amended lateritic cropland soil (5% and 20% w/w i.e.
50 or 200 t-ha™t), and cadmium sulphate (200 mg/kg soil)/lead acetate (200 mg/kg
soil) treated sterile river sand. The levels of total tissue carbohydrates, proteins, free
ami- no acids, and lipids decrease within 7 days in the specimens of fly ash (P < 0.001)
and heavy metals treated sets. The a-amylase, cellulase and protease activities are also
down regulated by fly ash and heavy metals (P < 0.05). It is also observed the
enzyme: protein ratios increase in fly ash treated sets and decrease in lead and
cadmium treated specimens. Specimens in treated sets ac- cumulate high levels of lead
and cadmium within 15 days, which decrease subsequently probably due to elimination
through frequent moulting. These short-term biochemical effects in Collembola have
applied importance in C. javanus, as biomarkers for quick ecotoxicological
assessments in the tropical agricultural soils.
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ABSTRACT

Soil is the foundation of all life activities in terrestrial ecosystems,
Soil micro arthropod groups (less than 2 mm in size) like Acari
and Collembola comprise more than 90% of arthropod fauna in
most soil types. They majorly help in soil formation by breaking
up the organic matter and mixing it up with inorganic mineral
components. Among them, various species of Collembola have
been proved to be effective bioindicator tool to measure soil health
cither it is polluted or not by its several characteristics in

temperate countries. Therefore, in today’s world where pollution
in soil by various agents is a baffling issue like other
environmental pollutions, these natural soil inhabitants can make
a hope to measure the natural health of soil.

INTRODUCTION

The term soil has derived from the Latin words
“solum” meaning ‘ground’ and “solium”
meaning ‘seat’. Soil is defined as an ‘organo-
mineral’ complex which characterizes the
mature soil. The concepts of soil as an active
biological system and its ecological and
economical significance as a non-renewable
natural resource are now well established. Soil
is the fundamental medium for the life
activities of all terrestrial organisms. [1]

Soil biota includes all organisms ranging from
microbes to mammals that inhabit or take
shelter in soil medium. They comprise the
microorganisms  like  bacteria, fungi,
actinomycetes, yeasts, protozoa, etc., and
invertebrates  like nematodes, arthropods,
annelids, and mollusc. Soil arthropods may
represent as much as 85% of the soil fauna.
They encompass a large proportion of the meso
and macro fauna of the soil. [2] They comprise
seven classes namely the Crustacea,
Arachnida, Pauropoda, Diplopoda, Chilopoda,
Symphyla and Insecta. Isopoda represents the
Crustacea that inhabit soil and feed on
decomposing litter. Among the soil arthropod
groups, the most abundant and widely
distributed are the springtails (Collembola) and

the mites (Acari). They together constitute bulk
of the soil microarthropod fauna in all natural
ecosystems. Many soil arthropods like
Collembola and Oribatida, Isopoda, Diplopoda
live a rather sedentary life and therefore reflect
the local conditions of a habitat better than an
organism with a high dispersal capacity such as
many flying insects. [3]

Diverse human activities and byproducts of
modern civilization around the world pollute
the soil, such as, industrial wastes, pesticides,
synthetic chemicals, heavy metals, garbage etc.
These pollutants affect the life activities and
functional significance of living organisms in
ecosystems. A recent addition to the list of soil
pollutants is “coal fly ash”, a solid waste
produced mainly by Thermal Power Plants
throughout the world. This fly ash comprises
majorly toxic heavy metals like lead, cobalt,
cadmium, molybdenum, mercury . etc. which
are very much harmful to soil biota.

What is a Biomarker?

In recent years there has been a growing
interest in the discovery and application of
biomarkers  for biologically  oriented
assessment of adverse effects of xenobiotics on
the ecosystems. Biomarker can be defined as
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Carbaryl (I-naphtlmlenylmethylcarbamale) is one of the most

frequently used carbamate insecticides. Carbaryl has elicited
" “some serious carcinogenic activity in the chronic rodent studies
and has also been found to cause tuniors in the liver. Though
carbaryl is relatively safe to maminals, but carbaryl causes
damage to hepatocytes. It has other biochemical effects, as it
reacts with reduced glutathione and probably directly with other
accessible protein hydroxyl and sulphydryl groups or indirectly
through reactions involving the glutathione conjugate. In
mammals, carbaryl inhibits acetylcholinesterase causing several
neural problems. Some recent reporis suggest it can bind human
melatonin receptors exerting serious implications on human
health. Here in this review an attempt has been made to
summarise carbaryl’s mode of action and its ill effects on human
health.

Keywords:
Carbamate, Carbaryl, Reactive Oxygen Species, ROS
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pets; (1) 1t:]

INTRODUCTION: ]

Carbamate. insecticides have a variety
of chemical structures, but all derive from
carbamic acid, the majority being - N-
methylcarbamates. Carbaryl (1-
naphthalenylmethylcarbamate, Molecular
weight-weight- 201g) is one of the most
frequently , used carbamate insecticides and
widely used for the control of a variety of pests
on fruit, vegetables, forage, cotton and many
other crops, as well as on'poultry, livestock and
(1)1t 1s; available ‘as, wettable powders,
pellets; granules, dusts, suspensions and even
solutions. | WRORINTE Lt

Carbary! has a low'vapor pressure, 1.17
x 10 mmHg and is not readily volatilized into
the air. A'low Henry’s law constant, 2.74 x 10
atm m3g.mol”" suggests that carbaryl has low
potential to volatilize from "aqueous solution
(2). 1t might be found in the atmosphere
associated with air-borne particulates or as
spray drift but should not be over a large area.

If existing in air, carbaryl tends to react with

o

hydroxy! radical in the ambient atmosphere
(3). Overall, carbaryl is not persistent in soil. It
can be degraded through hydrolysis, photolysis
as well as by microorganisms. The
photodegradation of carbaryl was investigated
on soil under artificial sunlight for a total of 30
days (4). In water, the compound degrades
rapidly at pH 7 and 9 at 25°C, with half-lives

" of approximately 10~17 days and 3 hours,

respectively (5). In acidic water, carbaryl 1s
rather stable with a half-life of more than 1500
days at 270C (6). Carbaryl does not readily
volatize into the atmosphere and it is unlikely
to volatize from ~water to air.  Carbaryl
moderately binds to soil and has potential to
leach to groundwater (7). It is not persistent in
soil since it can be hydrolyzed, photodegraded,
oxidized, degraded by microbes. In alkaline or
neutral water, hydrolysis is the major
degradation route for carbaryl, with half-lives
ranging from a few hours to many days. The
current Guideline Value for carbaryl in
drinking water is 0.005 mg/L. Carbaryl is one
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ARTICLEINFO ABSTRACT

Keywords: A comprehensive study on the prevailing conduction mechanism, dielectric relaxation and current voltage
Nﬂﬂmt’-’}if“-'ff’s behaviour of Polyvinyl alcohol (PVA) - Silver {(Ag) nanotube compaosite film has been reported. Introduction of Ag
X-ray diffraction nanotubes enhances the conductivity and dielectric permittivity of film. Film shows semiconducting behaviour

Electrical conductiviry
Dislectric response
Current voltage characteristics

with two activation energies. The de conductivity of the nanocomposite film obeys the adiabatic small polaron
model. The dielectric permittivity can be analysed by modified Cole-Cole model. A non-Debye type asymmetric
behaviour has been observed in the sample. The back to back Schottky diode concept has been used to describe
the current-voltage characteristic of the composite flm.
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Abstract. It is commonly believed that melting occurs when mean square displacement (MSD) of a particle
of crystalline solid exceeds a threshold value. This is known as the Lindemann criterion, first introduced in the
year of 1910 by Lindemann. However, Chakravarty et al., demonstrated that this common wisdom is inade-
quate because the MSD at melting can be temperature dependent when pressure is also allowed to vary along
the coexistence line of the phase diagram [Chakravarty C, Debenedetti P G and Stillinger F H 2007 J. Chem.
Phys. 126 204508]. We show here by extensive molecular dynamics simulation of both two and three dimen-
sional polydisperse Lennard-Jones solids that particles on the small and large limits of size distribution exhibit
substantially different Lindemann ratio at melting. Despite all the dispersion in MSD, melting is found to
be first order in both the dimensions at 5-10% dispersity in size. Sharpness of the transition is incommensu-
rate with the different rate of growth of MSD. The increased MSD values of smaller particles play a role in the
segregation of them prior to melting.

Keywords. Lindemann criterion of melting; Lennard-Jones polydisperse solids; mean square displacement;
temperature induced melting transition; bond order parameter

depending on the factors such as nature of inter-particle

Lindemann criterion holds a special place in the study
of melting transition and is often believed to provide
a universal criterion for the solid-liquid transition. The
Lindemann criterion is the only accessible predic-
tive tool in understanding the solid-liquid coexistence
conditions for several transition metals and geolog-
ically significant minerals possessing high melting
temperatures.!-?

The Lindemann criterion states that during the melt-
ing of solid, the average amplitude of thermal vibrations
increases with increase in temperature and melting
occurs if the amplitude of vibration becomes large
enough for displacements of atoms compared to their
equilibrium lattice sites which are in the range of one-
half of the interatomic distance.® Later, the Lindemann
parameter was modified by Gilvarry* by considering
the root-mean-square amplitude of thermal vibrations.
According to Gilvarry, the melting process is initiated
when the fraction of root-mean-square amplitude and
interatomic distance reaches a critical value. The criti-
cal value of Lindemann parameter is basically taken as
0.1, but the value may vary ranging from 0.05 to 0.20

*For correspondence
' Dedicated to the memory of the late Professor Charusita Chakravarty

interactions, magnitude of quantum effects and crystal
structure.>”’

In a recent study,® in order to investigate the effect
of polydispersity on the solid-liquid transition of the
Lennard-Jones system,” we have analyzed the model
system using numerical simulations in three distinct
ways, namely, by applying the empirical Lindemann
criterion of melting, the inherent structure analysis'*™1?
and the empirical Hansen-Verlet criterion of freezing.
The result has been shown to be consistent with one
another, both qualitatively and quantitatively, in pre-
dicting the existence of terminal polydispersity, beyond
which freezing is not possible.” The Lindemann ratio,
obtained from RMSD, has been shown to be intensely
dependent on temperature.

Unlike a one component system, polydisperse liquid
or solid possesses distinguishable molecules having dif-
ferent sizes. Therefore, the fascinating characteristics
related to the contribution of particles on the small and
large limits of size distribution of polydisperse solids
(which will be termed henceforth as small and big par-
ticles, respectively) during the melting transition is a
matter of great interest' in the field of polydispersity.

In addition to its fundamental interest, a polydisperse
system is of considerable industrial and technologi-
cal importance. Over the last few decades polydisperse

833
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ABSTRACT: Hydrated ions are ubiquitous in environmental and biological media. S0 2-(H'
4

Understanding the perturbation exerted by an ion on the water hydrogen bond 36 AMOEBA +

o :
network is possible in the nanodrop regime by recording vibrational spectra in the ey 4 Fluctuating charges
O—H bond stretching region. This has been achieved experimentally in recent years <, ’:;‘,fv Experiments
by forming gaseous ions containing tens to hundreds of water molecules and @ % ; iy 3

recording their infrared photodissociation spectra. In this paper, we demonstrate the T IR AMOEBA

capabilities of a modeling strategy based on an extension of the AMOEBA polarizable
force field to implement water atomic charge fluctuations along with those of
intramolecular structure along the dynamics. This supplementary flexibility of
nonbonded interactions improves the description of the hydrogen bond network and,
therefore, the spectroscopic response. Finite temperature IR spectra are obtained
from molecular dynamics simulations by computing the Fourier transform of the
dipole moment autocorrelation function. Simulations of 1—2 ns are required for
extensive sampling in order to reproduce the experimental spectra. Furthermore,
bands are assigned with the driven molecular dynamics approach. This method package is shown to compare successfully with
experimental spectra for 11 ions in water drops containing 36—100 water molecules. In particular, band frequency shifts of the
free O—H stretching modes at the cluster surface are well reproduced as a function of both ion charge and drop size.

: : :
3200 3400 3600
wavenumber (cm'l)

1. INTRODUCTION one ion is surrounded by tens to hundreds of water molecules,
which allows studying of the transition from molecular to bulk
properties. In addition, such nanodrops of growing size can
mimic the surface and interface of bulk solutions. Thus, this
regime may be of great interest. It has only been recently,
however, that several research groups have been able to form
and structurally characterize such species experimentally.” >
Their modeling is also a challenge, and it is the purpose of the
present paper to put forth a method to generate infrared (IR)
spectra of such species as vibrational spectroscopy has been
shown to carry rather useful structural information.””*’
Information on the dynamics of hydrated or microhydrated
ions can be achieved with molecular dynamics (MD)
simulations at the DFT level or using classical force fields.
With the aim of understanding the structure and the dynamics
of large hydrated systems, DFT MD may be restrained to a
partial description due to the limitation in the simulation time.
Moreover, we will show in this work that the convergence of
vibrational spectra requires extensive sampling and therefore a

Hydrated ions are ubiquitous in environmental and biological
media. The regulation of many metabolic and cellular processes
in vivo requires hydrated ions such as Na*, K*, CI", and SO;™ as
nutriments. Their action usually requires partial or total ion
dehydration. This has been extensively characterized for signal
transduction, which involves crossing membrane channels."
This principle can also be used to devise ion-selective synthetic
nanopores, such as graphene pores,” with high potential for
water filtration and other applications. In the atmosphere,
several hydrated ions, including sulfate, are present due in part
due to anthropic emissions.” They are known to be involved in
particle nucleation en route to aerosol particles and cloud
condensation nuclei,’ leading to acidity changes and eventually
to acid rains and other climate perturbations. Understanding
water’s hydrogen bond network and how it is perturbed by the
presence of ions is therefore of paramount importance. A large
body of results has been obtained on bulk salted water
solutions. At the other end of the size spectrum, small ion—
water clusters have been extensively considered as they may be

generated in a relatively routine way and because they lend Received:  October 25, 2017
themselves to modeling by highly accurate quantum mechanical Revised:  December 18, 2017
methods. There also exists an intermediate regime, in which Published: December 21, 2017
ACS Publications  © 2017 American Chemical Society 832 DOI: 10.1021/acs.jpca.7b10554
A4 J. Phys. Chem. A 2018, 122, 832-842
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Abstract The micro-hydration of was studied for
clusters growing from 6 to 216 water molecules to derive
the zinc coordination number as a function of cluster size
and temperature and to bridge the gap between recent
experimental values determined in the gas phase and in
solution. The increasing complexity of potential energy sur-
faces requires extensive exploration, which was addressed
using polarizable molecular dynamics with extended time
frames. Reliable coordination numbers have been obtained
for the different cluster sizes, at temperatures ranging from
200 to 300 K. The results provide a global picture of a
growing coordination number as a function of cluster size,
from ca. 5 for small gaseous clusters to 6 in bulk water.

Keywords Hydration of Zn(II) - Molecular dynamics -
Polarizable force field - Coordination number -
Temperature effect

1 Introduction

The coordination of the zinc ion is a notoriously delicate
issue. A simple argument based on the 18 electron rule

Published as part of the special collection of articles “CHITEL
2015 - Torino - Italy”.
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indicates that with its electronic configura-
tion, should be prone to 4-coordination with 2-elec-
tron donating ligands. In order to minimize ligand-ligand
repulsion, a tetrahedral arrangement (or distorted tetrahe-
dral if the four ligands are not the same) is expected [1].
This is indeed the case in solid inorganic salts such as

and . It is also the most common coordination in the
numerous zinc protein sites for which crystallographic data
are available;however, 5- and 6-coordinations are also fre-
quent. While ca. 80 % of zinc structural sites are 4-coordi-
nated, less than 60 % of catalytic sites fall in this category,
with ca. 30 and 10 % involving 5- and 6-coordinations,
respectively. Even more strikingly, zinc is known to bear
6-coordination in dilute aqueous solution of, for example,
Zn(ClO4) or Znl, [2, 3]. This emphasizes that zinc coor-
dination is not determined solely by valence orbitals and
electron count.

In order to better understand the coordination of zinc by
water, there have been many computational studies of the
stepwise hydration of in the gas phase. The most reli-
able have shown that small clusters such as Zn? (H20)¢6
can adopt s or structures with very simi-
lar energies [4-9]. Here in “n  m”, n is the number of
molecules directly interacting with the metal ion, while m
is the number of molecules in the second solvation shell.
The energy window for the lowest energy , and

structures is so small that a definitive conclusion as
to which metal coordination is preferred is rather difficult
to draw. This “competition” extends to several other clus-
ter sizes. However, modeling of in liquid water has
converged unambiguously to 6-coordination [9-14]. Thus,
let alone biological environments, the coordination num-
ber (CN) of hydrated zinc appears as an elusive quantity.
In particular, how does CN change from 4, 5 or 6 in small
clusters to 6 in the bulk?

@ Springer
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