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Preface

Fundamental to sustainable economic development, functioning of healthy
ecosystems, reliable agricultural productivity, dependable power generation, main-
tenance of desirable environmental quality, continuing industrial growth, enjoyment
of quality lifestyle, and renewal of land and air resources is water. With growing
population, demands for water for agriculture and industry are skyrocketing. On the
other hand, freshwater resources per capita are decreasing. There is therefore a need
for effective water resources management strategies. These strategies must also
consider the nexus between water, energy, environment, food, and society. With
these considerations in mind, the International Conference on Water, Environment,
Energy and Society (WEES-2016) was organized at AISECT University in Bhopal,
MP, India, during March 15-18, 2016. The conference was fifth in the series and had
several objectives.

The first objective was to provide a forum to not only engineers, scientists, and
researchers, but also practitioners, planners, managers, administrators, and policy-
makers from around the world for discussion of problems pertaining to water, envi-
ronment, and energy that are vital for the sustenance and development of society.

Second, the Government of India has embarked upon two large projects: one on
cleaning of River Ganga and the other on cleaning River Yamuna. Further, it is
allocating large funds for irrigation projects with the aim to bring sufficient
good-quality water to all farmers. These are huge ambitious projects and require
consideration of all aspects of water, environment, and energy as well as society,
including economics, culture, religion, politics, administration, law, and so on.

Third, when water resources projects are developed, it is important to ensure that
these projects achieve their intended objectives without causing deleterious envi-
ronmental consequences, such as water logging, salinization, loss of wetlands,
sedimentation of reservoirs, loss of biodiversity, etc.

Fourth, the combination of rising demand for water and increasing concern for
environmental quality compels that water resources projects are planned, designed,
executed and managed, keeping changing conditions in mind, especially climate
change and social and economic changes.
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Fifth, water resources projects are investment intensive and it is therefore
important to take a stock of how the built projects have fared and the lessons that
can be learnt so that future projects are even better. This requires an open and frank
discussion among all sectors and stakeholders.

Sixth, we wanted to reinforce that water, environment, energy, and society
constitute a continuum and water is central to this continuum. Water resources
projects are therefore inherently interdisciplinary and must be so dealt with.

Seventh, a conference like this offers an opportunity to renew old friendships and
make new ones, exchange ideas and experiences, develop collaborations, and
enrich ourselves both socially and intellectually. We have much to learn from each
other.

Now the question may be: Why India and why Bhopal? India has had a long
tradition of excellence spanning several millennia in the construction of water
resources projects. Because of her vast size, high climatic variability encompassing
six seasons, extreme landscape variability from flat plains to the highest mountains
in the world, and large river systems, India offers a rich natural laboratory for water
resources investigations.

India is a vast country, full of contrasts. She is diverse yet harmonious, mys-
terious yet charming, old yet beautiful, ancient yet modern. Nowhere we can find
mountains as high as the snow-capped Himalayas in the north, the confluence of
three seas and large temples in the south, long and fine sand beaches in the east as
well as architectural gems in the west. The entire country is dotted with unsur-
passable monuments, temples, mosques, palaces, and forts and fortresses that offer a
glimpse of India’s past and present.

Bhopal is located in almost the center of India and is situated between Narmada
River and Betwa River. It is a capital of Madhya Pradesh and has a rich, several
century-long history. It is a fascinating amalgam of scenic beauty, old historic city,
and modern urban planning. All things considered, the venue of the conference
could not have been better.

We received an overwhelming response to our call for papers. The number of
abstracts received exceeded 450. Each abstract was reviewed and about two thirds
of them, deemed appropriate to the theme of the conference, were selected. This led
to the submission of about 300 full-length papers. The subject matter of the papers
was divided into more than 40 topics, encompassing virtually all major aspects of
water and environment as well energy. Each topic comprised a number of con-
tributed papers and in some cases state-of-the-art papers. These papers provided a
natural blend to reflect a coherent body of knowledge on that topic.

The papers contained in this volume, “Environmental Pollution,” represent one
part of the conference proceedings. The other parts are embodied in six companion
volumes entitled, “Hydrologic Modelling,” “Groundwater,” “Energy and
Environment,” “Water Quality Management,” “Climate Change Impacts,” and
“Water Resources Management.” Arrangement of contributions in these seven
books was a natural consequence of the diversity of papers presented at the con-
ference and the topics covered. These books can be treated almost independently,
although significant interconnectedness exists among them.
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This volume contains five parts. Part I containing seven papers deals with some
aspects of environmental pollution. Part II discusses pollution indicators. Part III
focuses on generation of pollution as described in nine papers. Water quality
assessment is described in Part IV containing 11 papers. Part V contains four papers
that present water quality modelling.

The book will be of interest to researchers and practitioners in the field of water
resources, hydrology, environmental resources, agricultural engineering, watershed
management, earth sciences, as well as those engaged in natural resources planning
and management. Graduate students and those wishing to conduct further research
in water and environment and their development and management may find the
book to be of value.

WEES-16 attracted a large number of nationally and internationally well-known
people who have long been at the forefront of environmental and water resources
education, research, teaching, planning, development, management, and practice. It
is hoped that long and productive personal associations and friendships will be
developed as a result of this conference.

Vijay P. Singh
Conference Chair
College Station, USA

Shalini Yadav
Conference Organizing Secretary
Bhopal, India

Ram Narayan Yadava
Conference Co-Chair
Hazaribag/Bhopal, India
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Socioeconomic Environment Assessment
for Sustainable Development

Atul Kumar Rahul, Shaktibala, Bhartesh and Renu Powels

Abstract Sand mining is proposed at Alappad, Panmana, and Ayanivelikulangara
of Kollam District within an area of 180 ha because of which nearly 550 families
are being exposed to the impact of this mining. Families suffer from various
problems associated with the mining activity, which includes environmental, social,
and economical health. In addition, they have to be rehabilitated to other acceptable
areas. The Resettlement & Rehabilitation (R&R) plans are an integral part of this
EIA (Environmental Impact Assessment) study. Hence, this issue needs to be
carefully studied and solved in an amicable manner. The objective of the present
study is to ascertain the socioeconomic and other impacts on the people and on the
area of operation and preparation of R&R plan for the project-affected families in
the 180 ha mine lease area in line with Indian Rare Earth’s (IRE’s) R&R plans. We
need to identify reasons of various social—political driving forces causing com-
plaints and obstruction of existing in proposed mining and work out mechanisms
for consultation with all stakeholders and influential forces in order to address
issues related to mining.

Keywords EIA (Environmental impact assessment) - R&R (Research &
development) and IRE - Social-economical - Mining activities + Sand mining
Kollam district
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Introduction

Kerala is known for its 570-km-long coastline as one of world’s most potential
fishing grounds with unique biodiversity and as the abundant source of some of the
rarest minerals in the globe, especially its southern coast. It is one of the ten
‘Paradises Found’ by the National Geographic Traveler, for its diverse geography
and overwhelming greenery, in which, fall some of the sandy beaches and back-
waters. It is situated on the southwest coast of Kerala between 9° 28’ and 8° 45’
latitude and 76° 28" 77° 17' north longitude. Kollam District is bounded on the
north by Alappey and du, South by Trivandrum District and west by Lakshadweep
Sea. South to Ernakulam is the commercial capital of the State. Kollam is connected
to Ernakulum, by both road and rail. Indiscrete disposal of industrial waste leads to
several geoenvironmental disasters on land and it has huge socioeconomic effects
on the population residing in the impacted area, especially in terms of livelihood
and health. Once this happens, it becomes a news item and comes into focus for
geoenvironmental evaluation. Mining and processing of heavy and rare-earth
minerals inevitably involves distress of the land environment, the magnitude and
intensity of which depends on the type of chemicals, and processes used, the efforts
taken in the management of waste as well as on environmental fragility of location.

Central Government laid strict mining rules and regulations (Atomic Energy Act,
1962), which prohibited individuals or private enterprises from undertaking such
mining activity. The Policy Statement also allows selective entry of the private
sector. Sandy beaches rank among the most intensively used coastal ecosystems by
man (Schlacher et al. 2006). In many jurisdictions around the world, beach man-
agement has almost exclusively focused on maintaining and restoring sand budgets,
with very little consideration for ecological dimensions (Nordstrom 2000; Wong
2003; Schlacher and Thompson 2007; Aarninkhof et al. 2010). A framework for
integrated impact assessment of chemicals was proposed by Briggs (2008) with
regard to integrated environmental health impact assessment, whereas Crane (2010)
reported on approaches for converting environmental risk assessment outputs into
socioeconomic impact assessment. The adoption of EIA procedure, in fact, with
due differences, encompasses developed, developing, and transitional countries
(Lee and George 2000). That means sustainable development should meet the needs
of present generations while preserving the natural environment in its undisturbed
state. Economic development must not compromise environmental integrity (Hilson
and Murck 2000). Improper management of the industrial waste from the titanium
dioxide (TiO,) pigment producing industry is a cause for concern. The Census of
Marine Life indicates that a number of marine biological resources have been
depleted. Due to overfishing, stocks of species such as tunas, sharks, and sea turtles
have declined sharply in the past decade, some even reduced by 90-95% (Ausubel
et al. 2010; Hilson et al. 2011). People of the area live under the constant threat and
fury of nature. Studies show that coastal erosion is prevalent in the coastal strip
proposed for mining. As a study indicates ‘towards south of Palakkad from
Thrikkunnapuzha to Thottapally, a zone of 4.3 km is under moderate erosion’
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(Seakale et al. 1997). Kerala has a history of environmental social movements,
which has won victories many a time, environmental activists had been supporting
the anti-beach sand mining movement scientifically and intellectually right from the
initial stages onward. In the present, study the seriousness of the social, environ-
mental, and health hazards that might result from the indiscriminate mining activity
by a profit-oriented company. A statement validity analysis is also conducted in
order to summarize the findings of the study. Shoreline changes of Kerala coast
every year (Sreekala et al. 1998).

Objectives

e To assess the extent of socioeconomic impact and preparation of R&R for the
project-affected families in line with IRE R&R in the areas of Alappad,
Panmana, and Ayanivelikulangara of Kollam district.

e To ascertain the reasons and various social and political driving forces causing
complaints and obstruction of existing and proposed mining.

e To work out mechanisms through consultation with all stakeholders and
influential forces in order to address issues relating to mining.

e To make creative recommendations for getting the cooperation of local
communities

Methodology

Description of the Study Area

The Kollam coast in Kerala is a blessed coastal belt with the best mineral sand
deposit of the country. This belt commonly known as the Chavara deposit, after the
main locality, is 22 km (14 mi) in length and about 8 km (5.0 mi) wide in the north
and 6 km (3.7 mi) in the south. Around 60% of the Chavara barrier beach portion is
composed of heavy minerals. Indian Rare Earths Limited (IREL) is a
government-owned ISO 9002 Certified corporation in India. One of the four pro-
duction plants of IREL is situated near Chavara, in the suburbs of Kollam city. The
plant operates on a mining area containing as high as 40% heavy minerals and
extending over a length of 23 km in the Chavara belt. Figure 1 shows the present
annual production capacity of Chavara unit engaged in dry as well as wet
(dredging) mining and mineral separation stands.
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Fig. 1 Chavara unit mining
and mineral site

Types of Data Collected

The following types of data were collected for the study:

e Documentary evidence mainly from records and published materials available in
various related departments.

e Interview data from the families of the project-affected areas of Alappad,
Panmana, and Ayanivelikulangara of Kollam district.

e Field notes by the researcher through observation and discussion with the
knowledgeable persons, local leaders, and other resource persons.

e Focus group discussions with the stakeholders.

Tools of Data Collection

Data for the empirical study were collected mainly through interview schedules and
focus group discussions. The schedule-elicited information on areas required for
getting the information given in the objectives. Wherever possible the responses in
the schedule were pre-coded to facilitate easy tabulation and analysis. Most of the
questions had distinct options for answers and only a few qualitative parameters
were elicited through open-ended questions.
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Data Collection Analysis

Quantitative analysis rests judgmental conclusion based purely on data. Qualitative
assumptions are about how the world works, what are suitable categories for data.
Figure 2 describes what constitute good data, and the validity of scientific proce-
dures to explain the descriptive and inferential statistics. For future projections, the
role of qualitative assumptions is significant.

Personal Profile

The socioeconomic and demographic profiles of the respondents are given which
covers detailed information on the various dimensions of the families in the
project-affected areas of Alappad, Panmana, and Ayanivelikulangara of Kollam
district. The personal information gives a benchmark data of the families in these
areas, which will be useful to understand the general characteristics of the areas
under study.

B h et i B i i s ot 2 W

Fig. 2 Quantitive assumption of Chavara site
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Age

Maturity is an index to understand the issues of the sand mining in an intelligent
way. The age-wise classification of the occupants of the mining lease area is given
in Table 1.

Sex

Male-to-female ratio in these three villages are given in Table 2. It is clear from the
table that men are more exposed to the issues of the sand mining, as they are more
in touch with many people in the areas (Fig. 3).

Table 1 Age analysis

Age group (years) Frequency Percentage
15-25 14 2.6

26-35 53 9.9

3645 127 23.8
46-55 159 29.9
56-65 110 20.6
66-75 52 9.8

Above 75 18 34

Total 533 100

Table 2 Sex analysis

Sex Frequency Percentage
Male 393 73.7
Female 140 26.3
Total 533 100

ONeo-literate

& Primary

BUpper Prinary

[DHigh School

BHigher Secrdary/Pro-degree
B Graduate

M Post - Graduate
OProfessional

B8 Techrical

Fig. 3 Education analysis
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Table 3 Matrital status

. Marital status Frequency Percentage
analysis -

Unmarried 4 0.8
Married 473 88.7
Widow 49 9.2
Widower 1 0.2
Separated 6 1.1
Divorced 0 0

Total 533 100

Marital Status

Generally, married persons are more responsible in decision-making process con-
cerning family and connected important affairs, as they understand the issues that
affected the family and society in a broad and in-depth manner (Table 3).

Literacy

Literacy plays a key role in determining factors of decision-making process.
Education contributes significantly to one’s ability to change attitudes and modify
behavior pattern. Highly educated persons are more flexible and susceptible to
changes than less educated. This is mainly because education provides scope for
broadmindedness and thinking capacity.

Occupation

The main occupation of the people in this area is fishing and other allied minor
activities as they reside near the coastal areas of the sea. Table 4 clearly shows that
the majority (34%) of them are engaged in fishing followed by other (22.7%) type
of work like agriculture, commercial contracts or contract laborer of IRE, working
outside the lease area, transport section, etc.

Assessment and Mitigation

Impact Assessment

The identified impacts due to mining and associated activities have been studied in
relation to the following areas.
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Table 4 Occupation analysis

Occupation Frequency Percentage
Unemployed 77 14.4
Employed in Govt/Pvt 35 6.6
Business 43 8.1
Farmer 5 0.9
Daily-waged 45 8.4
Student 2 0.4
Retired 24 4.5
Fishing 181 34.0
Others (specify) 121 22.7
Total 533 100

Topography and Land Use

Original topography of the beach sand mining extension area will change due to
future mining operations. As the backfilling system is integrated into the mining
process, the excavated land will be subsequently reclaimed and the ground surface
of the reclaimed land will be brought back to the contours matching with sur-
rounding topography. Excavation and backfilling will take place simultaneously so
that the affected land can be made ready for further use without any appreciable loss
of time. The ground elevation of the beach zone is at 2-4 MRL (Mean reduce level)
which very gently rises to about 7-8 MRL toward the east to places which are
relatively far away from backwaters. There will be some interim impact on
topography and landform due to the destruction of original landform. Overall
landscape shall improve in a phased nmanner when greenbelt
development/plantation shall cover stretches subsequent to backfilling.

Drainage

The deposit is totally isolated from the landside by T.S canal. Seasonal/perennial
streams join T.S canal at places instead of directly discharging into the sea. The
canal is connected with the sea at two ends of the deposits. In certain parts,
dredging will be carried out for the sand deposits underlying T.S canal. Floating of
the dredge on the canal water or sand extraction at the canal bed for some period
will not have any appreciable impact on drainage. Thus, beach sand mining will not
have any impact on the network of backwater bodies including T.S canal.
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Air Environment

Due to beach sand extraction, primary concentration, and backfilling, there will not
be an appreciable rise in gaseous or particulate pollution level in ambient and work
zone environment. Sand extraction process (dredging) is a wet primary process and
backfilled mass is a moist in form which does not release dry dust in the mining
area. Therefore, in the proposed area, pollution will be insignificant. At stack at
MSP-monitored particulate matter, SO, and CO values, in general, are within
permissible limits. Monitored SPM, SO,, NO,, and CO values at AAQ stations and
at work zone are also well within respective permissible limits. The predictions of
ground level concentration of pollution from the two stacks of 30 t/day FBD and
3 t/day FBD have been carried out with the help of air quality simulation model
ISCST3, released by USEPA. At the present EIA study, GLCs (Ground level
concentration) are predicted for 24 h for SO, and SPM. As a first step, actual
monitored site meteorological data for winter season have been considered. The
meteorological data were generated near plant site for a I-month period on an
hourly basis. Stabilities have been determined with the monitored data by using
Turner method (insulation-based classification). Up to a height of 30 m, SO, and
NO, values will remain stable. The maximum height at Cochin has been taken as a
reference for the present study. The locations are located with respect to 16 radial
wind directions (N to NNW) and the radial distances have been fixed based on
physical stack height, as the major stack height is 30 m, the receptors in each of the
radial directions were fixed at 75, 150, 300, 600, 825, 900, 975, 1050, 1200, 1350,
1650, 2100, 2700, 3300, 4200, and 5000 m (Table 5).

Water Environment

Water from T.S Canal is utilized for supplying makeup water to dredge pond. Water
is utilized for primary concentration at MRP. In CUP (and BWP) the pumped out
water from T.S canal is circulated in gravity spirals. Freshwater drawn from bore
wells is used for washing the CUP concentrate. At present 30 m>/h of bore water is
drawn from the bore wells. After expansion, 60 m>/h of freshwater shall be
required. No trace of saline water ingress has been noted because groundwater is
drawn from a depth of 230 m only. Entire mining lease on a narrow strip of sandy

Table 5 Predicted GLC results

Description | Height | Flow Top dim | SPM SO, Temp | Location
(m) rate (m) mg/Nm® | kg/h | mg/Nm® | kg/h (°c) X Y
(nm>/h)
30 t/day 30 12,400 | 0.5 dia. 150 1.8 [363 45 |80 0 |0
FBD
3 t/day 12 1250 0.3 *0.3 | 150 0.1° | 363 0.45 |80 92 |2
FBD
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formation being surrounded by saline water on either side and freshwater has been
very thin in the locality.

Impacts of Ecology

The existing and proposed core zones are the sea beach and inland areas close to the
beach. The inland areas are covered by coconut groves and backwaters. In addition,
coconut trees are present at the edges of the beach. In order to carry out mining, the
coconut trees will have to be cut down. The herbs and shrubs growing on the beach
and inland will also have to be removed. Due to mining the beach fauna (consisting
of crabs, mole crabs, bivalves, and small gastropods) will perish. Similarly, the
benthic flora and fauna in mining areas in the backwaters will also perish due to
mining. However, the effects of mining will be temporary. The coconut trees which
will be cut down will be replaced by new saplings after backfilling the mined out
areas. Ipomoea pes-caprae and spinifexsps, which are the main plants growing on
the sand, will be planted soon after backfilling to stabilize the sand. Seeds of other
plants are airborne and will recolonise the backfilled areas within a few months.
Larval forms of the beach fauna are present in the sea water and will start
recolonising the backfilled areas within a few days after completion of mining. The
air pollutants released by diesel powered machinery will be of very small quantity
and will be easily diluted and will have no impacts on the ecosystems.

Impacts on Soil and Agriculture

The core zone soil is basically sandy soil. The mining will involve extraction of this
sandy soil, and dumping back the tailings in the mined out areas. Since the heavy
mineral extraction is a simple physical process, the sand which is dumped back will
not differ chemically from the pre-mining sand except that the heavy minerals are
no longer present. The physical changes which will occur will be minor and will
have no lasting impacts. Mining will involve cutting down of coconut trees leading
to loss in coconut production. But these trees will be placed by new saplings of
improved variety which will actually improve the agricultural yield. The emission
from MSP is also too less to have any impact on the soil or agriculture production in
the study area.

Land Use

Excavated land will be subsequently reclaimed by backfilling with reject tailings.
Backfilling is integrated into operating system. Land areas under the four blocks are
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Table 6 Mining stage analysis

Mining Land
blocks Total excavated Pre-mining stage Post-mining/operational
area stage

1 2|3 4|5 1 2|3 5
Block 2 35.70 257 |0 |10 010 26.418 |0 |8.390 |0.892
Block 4 31.933 25 06933 |0 |0 [23.629 |0 |7.504 |0.799
Block 6 11.76 376 |0 |7.8 002 8583 |0 |2.726 [0.45
Block 8 0 0 010 010 0 010 0
Total 79.393 5446 [0 |24.733 |0 |0.2 |58.632 |0 |18.62 |2.141

devoid of forest land. In Block 2 existing infrastructure, e.g., guest house, roads,
mineral separation plant, etc., exists. Out of 402.76 ha lease area in four blocks,
proposed excavation shall take place in 322.76 ha land in phases. Substantial
quantity of this land is now locked under settlements (villages) and agriculture.
Five yearly land use alteration plan in all the two blocks is in Table 6.
Land use category:

Agriculture land

Water body (T.S. Canal + backwater + sea wall approach canal)
Settlement (land under villages/resettlement area of outsets)
Barren sandy beaches

Others (mainly roads)

wn AW -

Conclusion

With the increase of extent of mining activities in Chavara, the following changes in
socioeconomic features are expected to take place especially within 2 km from
beach stretch. Uprooting of villages from the proposed excavation area and set-
tlement elsewhere shall impart profound disturbance not only to the people who are
directly affected but also secondary establishment. Distance/location correlation
with amenities (hospitals/school, etc.) shall be disturbed at least temporarily. The
project is not going to cause any damage to the existing agricultural situation.
Agriculture will get a boost due to increase in agricultural land in backfilled area.
The project is going to have a positive impact on consumption behavior by the
way of raising average consumption and income through multiplier effect. The
project is likely to bring about positive changes in lifestyle and quality of people
located in the area, especially around the proposed blocks. People in the study area
perceived that the project will help in the development of social infrastructures.
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Research Need on Environmental Gains
in Conservation-Induced Relocation

Surendra Singh Rajpoot and M.S. Chauhan

Abstract Relocations are made for developmental- and conservation-induced
scenario. Conservation-induced relocations are different from developmental-
induced relocations, in the sense that site is vacated due to it is environmentally
improved. There are a lot of studies on social impact of conservation-induced
relocation, but very few studies have been undertaken on environmental gains
through it. With more emphasis on maintaining ecological balance and sustenance
of biodiversity, nowadays conservation-induced relocation is taking place, spe-
cially, within the protected areas. Therefore, research to assess ecological and
environmental gains is needed, so as to judge objectively very aim of such relo-
cation. Studies related to pros and cons, need and necessities, and areas of existing
studies about relocation for biodiversity conservation with reference to protected
areas have been dealt in this paper. Based on the above studies, broader fields are
assessed, in which further research and study are required, toward environmental
gains through such relocation.

Introduction

Protected areas are considered to be biodiversity hub of planet earth. Protected
areas, which today accounts for only 1.4% of the Earth’s surface, are home to
almost half of the plant species and more than one-third of all vertebrates (Heltberg
2001). Ever since the publication of Hardin’s articles ‘The Tragedy of the
Commons’, there has been a growing debate on common pool resources, property
rights, and resource degradation. The concept has been used to explain
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overexploitation of forests and fisheries, overgrazing, air and water pollution, abuse
of public lands, population problems, extinction of species, and other problem of
resource misallocation (Stevenson 1991). Due to overexploitation of natural
resources, of the protected areas, voluntary conservation-induced relocation is used
as a management tool.

The fragile nature of biodiversity in many nature reserves, ongoing conflicts, and
the demand from people for better living standards necessitate the conservation
community to examine relocation as a possible conservation solution (Karanth 2002;
Karanth and Karanth 2007). There are two opposite sides of conservation-induced
relocation; first socialists and second biologists. Both have almost antagonizing
views over the subject. There is a dearth of studies about conservation-induced
relocation, especially environmental gains of such relocation. This paper deliberates
about the need for research and studies about environmental and ecological gains of
conservation relocations, so as to have a more qualitative assessment of the issues.

Relocation

Relocation of the people is broadly classified into two categories, i.e.,
development-induced relocation (DIR) and conservation-induced relocation (CIR).
Conceptually development-induced and conservation-induced displacements are
indistinguishable, either from the perspective of the state (both are due to state
management of resources as part of plans to increase prosperity and well-being) or
from the point of view of people evicted (for whom the precise cause of eviction is
of little importance) (Brockington and Igoe 2006). Although DIR and CIR have
above similarities, they differ in nature, as ecologically and environmentally the
land vacated due to relocation undergoes change. The characteristic change in DIR
is totally different from original land use, e.g., in construction of irrigation dam, the
land is submerged and has adverse environmental impact, whereas in CIR the
vacated site is environmentally improved.

Protected Areas

A protected area is a clearly defined geographical space, recognized, dedicated, and
managed, through legal or other effective means, to achieve the long-term con-
servation of nature with associated ecosystem services and cultural values (IUCN
Definition 2008). Protected areas—national parks, wilderness areas, community
conserved areas, nature reserves, and so on—are a mainstay of biodiversity con-
servation, while also contributing to people’s livelihoods, particularly at the local
level. Protected areas are at the core of efforts towards conserving nature and the
services it provides us—food, clean water supply, medicines, and protection from
the impacts of natural disasters. Their role in helping mitigate and adapt to climate
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change is also increasingly recognized; it has been estimated that the global net-
work of protected areas stores at least 15% of terrestrial carbon. Protected areas are
considered to be biodiversity hub of planet earth. Protected areas, which today
accounts for only 1.4% of the Earth’s surface, are home to almost half of the plant
species and more than one-third of all vertebrates (Heltberg 2001).

India also has ten biogeographic realms and is one of 17 mega-diversity coun-
tries that together support two-thirds of the world’s biological resources (Rodgers
and Panwar 1988; Briggs 2003). Thirty-three percent of the country’s 49,219 plant
species are endemic (MoEF 1999). Although India covers just 2.4% of the Earth’s
area, it harbors 7.3% of the world’s terrestrial vertebrate species and 89,451 faunal
species (MoEF 2000). India has several charismatic mammal species, including
40% of the world’s tigers, and most of the world’s Asian elephants. Overall, some
estimates suggest that 20% of Indian mammal species face imminent extinction,
and several have already disappeared from over 90% of their historic range
(Madhusudan and Mishra 2003). India has less than 5% under-protected areas, but
harbors more than 50% of its biodiversity. This calls for better protection and
management of these sanctum sanctorum areas for conservation of biodiversity and
sustainable use of natural resources.

Classification of Protected Areas

Based on objects, purpose of constitution and level of protection, PAs are classified
into various categories. The International Union for the Conservation of Nature and
Natural Resources (IUCN) protected area management categories are a framework
for organizing and understanding protected lands around the world. The categories
came into to being following many efforts to establish a “common understanding of
protected areas” when countries had very different ways of looking at protected
areas, used different terms, and assigned different meanings to similar or identical
terms. There are six categories (IUCN published its revision of category definitions
in 2008) into which protected lands can be sorted.

India has the following kinds of protected areas, in the sense of the word
designated by IUCN:

National parks (IUCN Category II): India’s first national park was Hailey National
Park, now Jim Corbett National Park, established in 1935. By 1970, India had five
national parks; today it has over 120 national parks. All national park lands then
encompassed a total 39,919 km? (15,413 sq mi), comprising 1.21% of India’s total
surface area (MoEF website). Animal sanctuary (IUCN Category IV): India has
over 500 animal sanctuaries, referred to as Wildlife Sanctuaries (MoEF website).
Biosphere reserve IUCN (Category V): There are 18 biosphere reserves in India.

Reserved forests and protected forest (IUCN Category IV or VI, depending on
protection accorded): These are forested lands where logging, hunting, grazing, and
other activities may be permitted on a sustainable basis to members of certain
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communities. In reserved forests, explicit permission is required for such activities.
In protected forests, such activities are allowed unless explicitly prohibited. Thus, in
general reserved forests enjoy a higher degree of protection with respect to pro-
tected forests (Indian Forest Act 1927).

Conservation Reserve and Community Reserve (IUCN Category V and VI,
respectively): These are areas adjoining existing protected areas which are of
ecological value and can act as migration corridors, or buffer zone. Conservation
reserves are designated government-owned land from where communities may earn
a subsistence, while community reserves are on mixed government/private lands.
Community reserves are the only privately held land accorded protection by the
government of India (Indian Forest Act 1927).

Village and panchayat forests (IUCN Category VI): These are forested lands
administered by a village or a panchayat on a sustainable basis, with the habitat,
flora and fauna being accorded some degree of protection by the managing com-
munity (Indian Forest Act 1927).

Need for Conservation of Biodiversity

Why is there a need to conserve biodiversity? The reasons are neither obvious nor
widely agreed upon. Environmental philosophers identify two very different sets of
arguments, based on the utilitarian (or instrumental) versus the intrinsic (or inher-
ent) value of nature. The utilitarian value of nature refers to the product or function
that nature can provide, whereas intrinsic value inheres in the natural object or
system itself, irrespective of whether it has any use. Arguments for conserving
biodiversity that are based on the utilitarian value are often labeled anthropocentric
(human-centered), whereas the arguments predicated on intrinsic value are often
called bio-centric (or eco-centric) since the value exists independent of its use to
human beings. The utilitarian value of biodiversity may be divided into four basic
categories: goods, services, information, and spiritualism (Table 1) (Mulder and
Coppolillo 2004). Intrinsic value is a much more subjective matter. While most
people take the intrinsic value of humans for granted, the view that “Nature” (often
personalized in this sense) has inherent rights and is as such subject to the same
moral, ethical, and legal protection afforded humans is more controversial.

Table 1 Categories of utilitarian values

Category Examples

Goods Food, fuel, fiber, medicine

Services Pollination, recycling, nitrogen fixation, homeostatic regulation, carbon
storage

Information Genetic engineering, applied biology, pure science

Psycho-spiritual Aesthetic beauty, religious awe, scientific knowledge, recreation, tourism
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Biodiversity is to be conserved for maintaining the following services:

Maintenance of ecosystem includes recycling and storage of nutrients, com-
bating pollution, stabilizing climate, protecting water resources, formation and
protection of soil, and maintaining eco-balance. Provider of biological resources
includes provision of medicines and pharmaceuticals, food, ornamental plants,
wood products, breeding stock and diversity of species, ecosystem, and genes.

Social benefits include recreation and tourism, cultural value, and education and
research (Cardinale et al. 2012).

Need for Conservation-Induced Relocation

The importance of biodiversity conservation has been discussed as above. Most of
the biodiversities in the present days are within the limits of protected areas. These
protected areas account for less than 5% of the geographical area of the India.
Globally, large terrestrial mammals are among the most threatened taxa in the
world, with 25% of species facing extinction (Ceballos et al. 2005; Schipper et al.
2008). Recent studies suggest that South Asia harbors the most threatened terrestrial
mammals (Schipper et al. 2008). For India, in particular, conservative estimates
suggest that 20% of large mammal species may face extinction, and several species
have already disappeared from over 90% of their original range (Madhusudan and
Mishra 2003). The Indian subcontinent harbors more than 500 mammal species, but
also has a ‘modern’ conservation history of regulating land uses to protect natural
areas that date back over a century (Blythe 1863; Jerdan 1874; Russell 1900; Prater
1948; Stebbing 1920; Rangarajan 2001).

The tiger (Panthera tigris) or the greater one-horned rhino (Rhinoceros unicornis)
occupy just one to five percent of their historical range. Races of some species such
as the Asian lion (Panthera leo persica) and the hardground barasingha (Cervus
duvauceli branderi) are confined to single site, microscopic remnants of a once vast
range (Divyabhanusinh 2005; Karanth 2006). In Sariska Tiger Reserve, adverse
changes in vegetation structure and plant species composition were caused by
chronic biomass extraction that was likely affecting forest avifauna as well (Kumar
and Shahabuddin 2005). The Biligiri Rangan Hills Temple Sanctuary in southern
India reports reduced recruitment of some extracted NTFP species and changing
tree species composition of forests due to long-term use (Murali et al. 1996;
Shankar et al. 1998). Studies in Pin Valley National Park in the Indian Himalaya
indicate that there may be competition for pastures between domestic goats/sheep
and wild ibex, given the coincidence of diet choice (Bagchi et al. 2004).

Ever since the publication of Hardin’s articles ‘The Tragedy of the Commons’,
there has been a growing debate on common pool resources, property rights, and
resource degradation. The concept has been used to explain overexploitation of
forests and fisheries, overgrazing, air and water pollution, abuse of public lands,
population problems, extinction of species, and other problem of resource misal-
location (Stevenson 1991). When property rights to natural resources are absent and
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unenforced, i.e., when there is open access, no individual bears the full cost of
resource degradation. The result is ‘free riding’ and overexploitation, what Hardin
termed the ‘Tragedy of the Commons’ (Hardin 1968).

Available reports suggest that between 50 and 100% of stricter protected areas in
South America and Asia are used or occupied by people (Kothari et al. 1989;
Amend and Amend 1995; Bruner et al. 2001; Rao et al. 2002; Bedunah and
Schmidt 2004). Growing human population and shrinking natural resources have
disturbed ecological balance in some areas. There are many studies which suggest
it. An increasing number of scientific studies point to the habitat degradation caused
by biomass extraction such as grazing, fuelwood collection, and commercial
non-timber forest produce (NTFP) extraction inside areas, set aside for biodiversity
conservation (Siebert 2004; Karanth et al. 2005).

Biologists therefore emphasize the fact that some amount of inviolate zone
(strictly protected area) is required to maintain the entire spectrum of biodiversity as
well as to minimize conflicts with large mammalian fauna (Terborgh et al. 2002;
Ministry of Environment and Forests 2005). The fragile nature of biodiversity in
many nature reserves, ongoing conflicts, and the demand from people for better
living standards necessitates the conservation community and examines relocation
as a possible conservation solution (Karanth 2002; Karanth and Karanth 2007).

It is evident that human activities in some parts of the protected areas have
affected habitat and ecology adversely. People living within these protected areas
for their economic well-being have also been opting to move voluntarily out of the
area. Case of people willing to be relocated appears to be a win—win situation for
the both park managers and people. The National Tiger Conservation Authority of
India has come up with legal provisions for voluntary relocation from Tiger
Reserves. The provisions therein incorporate willingness of people, social, and
ecological studies to make the whole process transparent and people friendly.

Following are provisions made in section 38 V (5) Wildlife (Protection) Act
1972:

Save as for voluntary relocation on mutually agreed terms and conditions pro-
vided that such terms and conditions satisfy the requirements laid down in this
subsection; no Scheduled Tribes or other forest dwellers shall be resettled or have
their rights adversely affected for the purpose of creating inviolate areas for tiger
conservation unless:

(i) The process of recognition and determination of rights and acquisition of
land or forest rights of the Scheduled Tribes and such other forest dwelling
persons is complete;

(i) The concerned agencies of the State Government, in exercise of their powers
under this act, establish with the consent of the Scheduled Tribes and such
other forest dwellers in the area, and in consultation with an ecological and
social scientists familiar with the area, that the activities of the Scheduled
Tribes and other forest dwellers or the impact of their presence upon wild
animals are sufficient to cause irreversible damage and shall threaten the
existence of tigers and their habitat;
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(iii)) The State Government, after obtaining the consent of the Scheduled Tribes
and other forest dwellers inhabiting the area, and in consultation with an
independent ecological and social scientist familiar with the area, has come
to a conclusion that other reasonable options of co-existence are not
available;

(iv) Resettlement or alternative package has been prepared to provide the
livelihood for the affected individuals and communities and fulfills the
requirements given in the National Relief and Rehabilitation Policy;

(v) The informed consent of the Gramsabha concerned, and of the persons
affected, to the resettlement program has been obtained; and

(vi) The facilities and land allocation at the resettlement location are provided
under the said program, otherwise their existing rights shall not be interfered
with (Wild life (Protection) Act 1972, Section 38 V (5)).

Need for Study of Environmental Gains Due to CIR

CIR even being a contagious issue has philosophers both for and against it, but
there is hardly any complete and detailed study about the consequences. It has taken
many months of burrowing through libraries, reading through back issues of
journals and trawling through bibliographic databases to produce this list. Just as
the literature is not well ordered, the activities of researchers examining reloca-
tion from protected areas have also not been systematic. Only recently,
Schmidt-Soltau’s work (2005a), there has been an attempt to build up a retro-
spective assessment of the patterns of eviction (Brockington et al. 2006). There is
an extraordinary dearth of good information about the social impacts of protected
areas. Protected areas have expanded threefold in recent years, and the stricter
category 1-4 protected areas now some 49,000 and cover 6% of the land surface of
the planet. One should expect this to have involved some evictions. Yet when two
of us recently reviewed as much literature on protected area displacements as we
could, we found just under 250 books and papers containing information on just
over 150 protected areas. A significant proportion of reports and case material
(nearly half) merely stated that people had been moved. There was no further
discussion of these moves, let alone good investigation of their consequences
(Brockington et al. 2006).

Only a few studies, that we are aware of, systematically use consistent
methodology to assess involuntary resettlements and evictions from protected areas
at the regional level (Cernea and Schmidt-Soltau 2003, 2006). We now review the
main environmental, socioeconomic, and other impacts of the displacement of local
communities from PAs in India. As far as possible, we do this for both the old and
the new sites (before and after relocation). Unfortunately, the information is rather
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incomplete, as we found a very few studies of post-relocation, and almost none
have assessed the situation over a long-term period (Lasgorceix and Kothari 2009).
In India, there is as yet no full-length study of conservation-related displacement
that can compare with those in eastern or southern Africa. In Tanzania and South
Africa, cases of forceful eviction of pastoral peoples from game reserves are
becoming increasingly common (Carruthers 1995; Neumann 1998).

There could be two possible reasons for the paucity of cases. Either few cases
have been reported because few have happened, or eviction has been ignored. The
appropriate answer may well vary according to country and region. We will argue
below that in some regions there is good evidence that eviction from protected areas
has been substantially overlooked. Second, in many cases the quality of the
information is poor. A significant proportion of reports and case material (nearly
half) merely stated that people had been moved. There was no further discussion of
these moves, let alone good investigation of their consequences. This sort of report
might be found in conservation literature in which the movement of people was
mentioned in connection with the establishment of a new protected area. But it also
characterized a significant proportion of the literature about indigenous peoples.
Much of this was protest literature, whose purpose was to alert the world to the
losses of indigenous groups. The significance of such events for livelihoods and
cultures is often not explored (and for good reason, the main impacts will be
obvious) nor are methods made clear (again for good reason, these are not academic
publications). Third, and most importantly, this literature is not (yet) a catalogue.
These works are diffused and often hard to locate. It has taken many months of
burrowing through libraries, reading through back issues of journals and trawling
through bibliographic databases to produce this list. Just as the literature is not well
ordered, the activities of researchers examining relocation from protected areas
have also not been systematic. Only recently, Schmidt-Soltau’s work (2005a), there
has been an attempt to build up a retrospective assessment of the patterns of
eviction, and this is only for one region, and, as we shall see, from an unusually
complete coverage of protected areas in existence.

Countless workshops, lectures, and discussions delved into topics such as
poverty alleviation, social injustice, indigenous peoples’ rights, community man-
agement of protected areas, and gender equity in conservation. All these have their
place in a global agenda but for me they dominated and drowned out the discussion
of themes more directly related to conserving nonhuman life on this planet
(Terborgh 2004). Detailed quantitative assessments of the consequences of dis-
placement for conservation are few, the literature on the historical erasures and
reinventions of place, people and landscape is rich (Carruthers 1995; Ranger 1999).
This signifies that studies related to conservation-induced relocation are few and
whatever has been taken place deals with social angle only and almost negligible
about ecological point of view.
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Conclusion

Biodiversity is an important issue and needs to be conserved. Globally protected
areas are harboring bulk of biodiversity, which is in percentage terms is too large in
comparison to the area of protected areas. In India too the scenario is similar to it.
Therefore, efficient protection and management of these areas are of utmost
importance. As a conservation tool, voluntary relocation of human population from
such area has been on the agenda of biologist. This kind of conservation-induced
relocation has two facets of it, namely social and ecological sides. Socialist and
biologist have antagonizing views over CIR. As the review of literature reveals that
there is paucity of enough literature on both the angles. Whatever studies are
available are not comprehensive and focused on multilateral issues.

Among the available literature, focus has been mostly towards human-centric
issues and no concrete study of ecological and environmental gains at vacated site
has been taken up. The authors could not find any study/research which deliberates
on this issue. It is therefore required to have ecological and environmental studies,
taking into account pre- and post-relocation scenario of the vacated site and develop
a model for future reference to assess environmental gains in similar cases.
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Abstract There are several factors responsible for polluting the environment and
creating pollution; and especially in coalfields, fire in coal mines is one significant
of them. Presently, about 70% of the production of coal is being carried out by
opencast mining (from coal benches) over underground developed galleries in
Jharia and its adjoining coalfields. Most of the mines developed earlier by under-
ground are presently being excavated by opencast method to meet the production
target. Due to intrinsic characteristics of coal with add-on of prevailing practices of
mining operation, the spontaneous heating/fire has occurred in most of the galleries
of developed coal seams. Fire in the developed galleries affects the normal pro-
duction during excavation by the opencast method. It releases noxious gases, heat,
smoke and dust and poses a serious health hazard. Fire in mines also causes direct
loss of equipment, damage to the surface structure and loss of country’s precious
coal reserves. In addition to these, it affects the normal production. The objective of
this paper is to describe the environmental impacts due to fire in coal mines, and
issues that affect society as well as to render suggestions for taking precautionary
and control measures.

Introduction

The problem of spontaneous combustion is very common in coal mines worldwide.
Coal faces are exposed to the atmosphere and react with oxygen (air) as a result of
which it catches fire, depending on the incubation period, the quality of the coal and
other factors inherently associated with the coal. The phenomenon of the sponta-
neous combustion is caused by two interrelated process, viz. the interaction
between oxygen and coal (oxidation) and the exothermic reaction (heat shedding
process), leading to heat build-up in coal due to the property of its non-conductivity
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of heat. In Indian coal mines, spontaneous combustion (fires) commonly occurs in
the underground-developed workings during extraction by the opencast methods.
Spontaneous combustion incidence can occur anywhere in coal mines (underground
and surface) during or after mining operations. Spontaneous heating initiates in coal
mines particularly in pillars, in developed galleries, faces, benches, stockpiles, and
dumps. Environment is badly affected due to release of noxious gases in all the
above-mentioned cases after the occurrence of spontaneous heating (Banerjee
1985). Different types of fire require a different approach for prevention and control
of spontaneous heating. In Indian mines, spontaneous combustion/fires in the
developed galleries worked by opencast method pose a serious problem. When the
exposed developed gallery mouth is left idle for a longer time after extraction of
coal, then the fire aggravates very rapidly and damage the surface structure such as
roadways, buildings and important structures available on the surface. One such
case that happened in Giddi colliery being operated by Central Coalfields Limited
has been discussed in this paper.

Environmental Pollution

Fire affects the direct loss of equipment, damage to surface structure and loss of
country’s precious coal reserves. In addition to these, they affect normal production
and pollute the environment. Due to fire in coal mines (underground and opencast),
the basic elements of environment, i.e. air, water and land, are seriously affected.
Fire continues and causes atmospheric and thermal pollution. Coal that is burning in
the underground as well as surface mines around the world is adding tonnes of soot,
toxic fumes and greenhouse (GHGs) into the atmosphere. Coal fires burn to pro-
duce large quantities of CO, along with several other gases such as oxides and
dioxides of sulphur and nitrogen. CO, from coal fires contributes significantly to
the greenhouse effect, a phenomenon which is a prime concern for Planet Earth. It is
worth mentioning here that complete combustion of 1 gm of coal having about 70%
carbon content produces about 3 gm of CO, and thus burning of one million tonne
of coal per annum can produce 3 x 10° kg of CO,. Quantitative global estimate of
the amount of CO, produced due to fire in coal mines is difficult to access.
However, main greenhouse gas (CO,) is occurring in China producing 2—3% of the
world’s total annual production of CO,. This was more than double the CO,
produced by the Netherland from all source of CO,. A Dutch team concluded that
underground fires in China release up to 360 Mt of carbon dioxide.

Air—Burning of coal releases noxious gases like carbon monoxide, oxides of
nitrogen and sulphur, unburnt hydrocarbons and other particulate and heat are being
continuously discharged to the atmosphere and polluting the environment.

Water—Fire pollutes water, increasing its acidity as well as contaminates it with
tarry distillation products. Due to the presence of 1-2% sulphur in coal in the form
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of pyrites, mine water may be acidic: it cannot be used directly and requires some
treatment by various methods.

Land—Due to fire in the underground, surface structure is damaged; cracks have
been developed and nearby vegetation is badly affected due to heat, smoke, dust
and high temperature causing soil sterilisation. Surface structures like production
pits, plants, railways, jorebeds, roads and houses are affected due to fire.

The environmental problem is caused by fires mainly from the release of noxious
gases into the atmosphere. In situ coal is a mixture of mineral matter and coal
matrix; the main constituents are not only carbon and hydrogen but also the
presence of small quantities of oxygen, nitrogen, sulphur and other trace elements.
When coal burns, the carbon is converted to CO or CO,, sulphur mainly to SO, and
the nitrogen gets converted to NO,. But in cases of mine fire, what proportion of
coal gets burnt or distilled depends upon the condition of combustion. If the fire is
of shallow depth then the formation of CO and CO, will be high due to complete
combustion. On the other hand, a deep-seated fire of a thick seam may result in
incomplete combustion and renders more CO. The emissions from fire areas consist
of toxic gases as SO,, NOx, CO/CO, and particulate matter of soot and condensed
vapours. Fine ash particles are also emitted if a strong draught is created by the fire
and the resistance of the air path in the burnt bed gets reduced. This phenomenon is
seen when a burning bed of coal seam is excavated out by a shovel in the developed
pillars being worked by opencast mining (Singh 2013).

The coal seam contains higher percentage of sulphur (1-2%) in the form of
pyrites, which oxidises easily in the presence of air and moisture at ordinary
temperature as shown by the following equation:

2FeS, + 70, + 2H,0 — 2H,S0, + 2FeSO4 + 316 kcal
The above reaction is highly exothermic compared to oxidation of carbon:
C+ 0y — CO;z 4 94.5 kcal.

Thus, the oxidation of pyrites accelerates the in situ temperature very fast and
also cracks up the solid coal mass—since the volume of the product is more than
the volume of the reactant. This increases the exposed coal surface area and thereby
enhances the rate of rise of temperature favouring spontaneous heating. Direct
hazards to humans and the environment posed by coal fires include emissions of
pollutants, such as CO, CO,, nitrogen oxides, particulate matter, sulphur dioxide,
toxic organic compounds and potentially toxic trace elements, such as arsenic, Hg
and selenium (Finkelman 2004).
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Case Study

There are several fire problems existing in different coal mines, where fire creates
environmental pollution, damage to the environment and loss of natural resources.
Here, authors are presenting a case study of fire at Giddi colliery, Argada Area,
CCL, where successful site-specific comprehensive technology has been applied
and the fire was totally combated/controlled. The project Giddi ‘A’ is accessible
from Ramgarh Ranchi Road and Patratu railway station which lies on the National
Highway No. 33. The project was started in June 1958 for the operation of both
underground mine and mechanised opencast mine. Mining activities were started in
both underground and opencast mines in Argada, Argada-A, Sirka, Bansgarha,
Hatidari and Semana seam. Underground mine working was stopped in March
1984, whereas coal production continued by opencast only. Fire was noticed in the
year 1997 near Giddi workshop and surface was subsided from the quarry side. The
colliery authority tried to control the fire using overburden material. But after some
time, filled up overburden material was also heated and fire reached very near to
workshop and sub-station (11).

Location

The Karanpura coalfields in Jharkhand form the westernmost patch of the lower
Gondwana of the Damoder Valley situated within latitude 23° 28’ and 23° 56
North and longitude 84° 46" and 85° 28’ East. This coalfield is extended over an
area of 550 sq. miles (1424.50 km?). An elongated patch of the Lower Gondwana
rocks covers an area of 75 sq. miles (194.25 km?). Giddi-A block comprises almost
a rectangular patch 1.75 sq. miles (4.50 km?) situated in the district Hazaribagh,
Jharkhand. The Damodar River which forms the western and southern block
boundaries takes ‘Z’ blend here. The southern margin is also marked by the con-
fluence of Damodar River and Nakri Nallah. In the northeast, the mine is bounded
by the mining lease of Religara colliery (Giddi-B block). To the north lies
“Kurkutta Block”, on the west the subleases of Khas Karanpura and the Associated
Karanpura collieries are situated. To the southwest and south Sounda B block,
working mines of Bhurkunda collieries of CCL are lying.

Geology of the Seam

The coal seam occurring in Giddi-A block belongs to Barakar formation.
Thirty-two coal seams have been proved varying in thickness from 0.76 to 24.28 m.
Out of 32 seams, the Sirka, Argada, Argada-A and Argada-B is considered as
working seams due to their thickness and persistence. Argada seam varies from
15.85 to 24.28 m. Parting between Sirka seam and Argada seam varies from 43.28
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to 62.33 m. Argada-A seam varies in thickness from 7.92 to 13.89 m; and parting
between Argada and Argada-A seam varies from 18.6 to 45.90 m. The seam wise

thickness, gradient, grade and present status are given below.

Particulars Name of Seam
Sirka Argada Argada-A Argada-B
Average thickness (m) 12.0 18.0—20.0 10.0 6.0
Gradient 1:3.54 1:2.96 1:2.75 1:2.75
Direction N70° 29'W N82° 40'W S85° 30'W S80°15'W
Grade B new grades C—D may be C-D in C-D
given between G (1-17)
Present status Standing on Standing on Standing on Virgin
pillar pillar pillar
Estimated reserve below | Nil 1.600 1.320 0.125
Washery (million tonne)

Scientific Investigation

Fire site of Giddi-A colliery nearby Giddi workshop, substation and Giddi Washery
was visited and it was observed that Argada and Argada-A seam have been
developed on pillar lying below the Giddi workshop, whereas Argada-A seam
extends below Giddi washery and substation also. Both the seam partially quarried
by opencast mining method. Argada-B seam is virgin and lying below the Giddi
workshop and Giddi substation at a depth of 54 m. Argada seam was quarried
before March 1986, whereas Argada-A seam quarried before 1976. Fire is observed
in September 1997 near Giddi workshop from the quarry mouth edge due to the
presence of loose coal (Fig. 1). The area is subsided near road and workshop which
has created several cracks and facilitates passage to ingress of oxygen leading to
spontaneous heating/fire. The blazing flame is coming out through the mouth due to
further progress of spontaneous heating and chemical chain reaction. Mine
authorities tried to control the fire by filling the overburden material but it could not
be controlled and the problem became more serious when filling material also got
heated near the mining workshop (CSIR-CIMFR Report 2009).

Temperature was measured with the help of Heat Spy Infrared thermometer at
different locations near the Giddi workshop, substation, Washery, mine road and the
quarry edge (Fig. 2). The maximum temperature was observed as 492 °C near
Washery boundary and roadside. Firefighting chemicals/inhibitors have been applied
which reduced the flame and to extract the heat near mining workshop. Different
chemical inhibitors were mixed with water in different proportions and applied on the
blazing flame as per intensity of the fire and site-specific condition. Continuous
firefighting operation was carried out for 5-6 months and after that the combated
portion was covered with binding material and top soil (Fig. 3).
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Fig. 1 An overview of fire area near substation, mining workshop and Giddi Washery, CCL

Fig. 2 Thermal investigation using heat Spy infrared thermometer near Giddi substation and
mining workshop, CCL
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Fig. 3 Fire combated portion treated with binding material with top soil near mining workshop
and Giddi power substation, CCL

Results and Discussion

During thermal investigation, it was found that fire was present in most of the
portion nearby area of roadways and substation; and fire was under blazing con-
dition near Giddi workshop. Temperature was in the range of 265-307 °C at
workshop and 492 °C observed near the washery boundary towards roadside. After
application of firefighting chemical inhibitors/additives temperature reduced to the
range 35—46 °C. Combated fire surface was treated with different binding materials
to minimise the ingress of air which was applied on an area of 3750 m” on surface
area using 7250 m® of topsoil. Detailed thermal profile was marked on surface lay
out before application of fire fighting chemicals to the final surface sealing operation
as per requirement. Finally, temperature was found to be near about ambient after
surface sealing. Mine authorities were trained for application of firefighting
chemicals. Suggestion was also given for making two benches using top soil in
quarry side for checking the penetration of air from the mouth of gallery and
blanketed area should be compacted time to time. Early implementation of the
control and combating technology has given successful result for control of fire near
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Giddi workshop and substation. After controlling the fire, the valuable national
properties like Giddi substation and washery have been salvaged and the envi-
ronment was also protected from the release of noxious and other greenhouse gases.

Suggestions

As per studies carried out during the project work and site-specific fire condition,
the following preventive and control measures are suggested for control of fire and
protection of environment:

1. Thermal monitoring should be carried out using Heat Spy Infrared thermometer
regularly for detection of fire, so that immediate control measures can be
planned as per site situation.

2. Fire should be combated by application of firefighting chemical additives/
inhibitors for suppressing the fire and extracting the heat and it should be
continued till the temperature reduces to ambient level.

3. Dozing/compaction is very much essential in the compacted area after some
interval to minimise the air ingress.

4. Minimum two benches should be formed from bottom to top using top soil in
quarry side for checking the ingress of air from the mouth of gallery to save the
mine roadways, washery and substation.

Conclusion

After carrying out a scientific investigation for control of fire near my workshop and
substation, it is concluded that speedy implementation of the control and combating
technology has given successful results. After control of fire, the valuable national
property has been saved. Environment was also protected from the release of
noxious gases. Under these circumstances, direct application of firefighting chem-
ical inhibitors will be much effective for suppression of flame, extraction of heat and
cooling the hot mass. Author has taken a new R&D Project under Planning
Commission (earlier); presently, Niti Aayog Research work of this project is being
continued and rigorous laboratory work is going on.
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Redevelopment of Urban Slum Dwellings:
Issues and Challenges

Dhrupad S. Rupwate, Rajnit D. Bhanarkar, Vishakha V. Sakhare
and Rahul V. Ralegaonkar

Abstract Urbanization has created a large housing demand of urban poor.
Although different stakeholders are involved, there is a challenge to meet the
redevelopment of urban slum dwelling projects in an effective manner. The concept
is discussed with a case study of a slum in Nagpur City. Physical data was collected
from stakeholders (construction material choices and cost incurred) and site mon-
itoring (indoor temperature and light). The study revealed the possible issues and
challenges related to project execution, i.e. resource and time management. The
outcome of the study is to suggest a suitable strategy for improving the functionality
of the project to increase the speed and conserve the resources that ultimately
benefit government as well as end user.

Introduction

Urbanization can be termed as by product of economic and social development.
Rapid advancements in science and technology have made remarkable changes in
the settlement pattern and living habits of the people. Urban areas are viewed as
places with potential for greater economic opportunities and improved standard of
living in urban areas attracts rural migrants which are leading to the emergence of
slums. Slums are the products of failed policies, bad governance, corruption,
inappropriate regulation, dysfunctional land markets, unresponsive financial sys-
tems and a fundamental lack of political will (Sufaira 2013).

World’s population is projected to be 8.1 billion by 2030 out of which 5 billion
(61%) of world’s population will live in cities and 90% of growth will be in
developing countries (UNFPA 2000). Indian urban population will increased to

D.S. Rupwate (P<) - R.D. Bhanarkar - V.V. Sakhare - R.V. Ralegaonkar (<)
Department of Civil Engineering, Visvesvaraya National

Institute of Technology, Nagpur 440010, India

e-mail: dhrupu5693 @gmail.com

R.V. Ralegaonkar
e-mail: sanvan28 @yahoo.com

© Springer Nature Singapore Pte Ltd. 2018 37
V.P. Singh et al. (eds.), Environmental Pollution, Water Science
and Technology Library 77, https://doi.org/10.1007/978-981-10-5792-2_4



38 D.S. Rupwate et al.
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36% by 2025. The trends in growth of urban population can be observed from
Fig. 1. And the share of urban population will be as 68.7% of urban population
lives in class I cities, 27.8% in medium cities and 9.4% in small towns (Fig. 1). This
shows the pace of rapid urbanization in India and challenge to reach needs of
growing population.

Problems reinforced with urbanization can be noted as poverty, unemployment,
education (illiteracy), crime, waste generation, environmental degradation, pollu-
tion, health problems, safety and security, infrastructure and amenities, lack of
community sense, social polarity, HOUSING (Squatters and Slums). This paper
deals with the issue of housing urban poor and redevelopment of urban slum
dwellings.

Background and Need of Study

A slum is defined by the United Nations agency UN-HABITAT, “is a run-down
area of a city characterized by substandard housing and squalor and lacking in
tenure security”. Slums were initially viewed as nothing more than nuisance; the
economic contribution of slum dwellers was never acknowledged. Slums were
treated as refuse of the cities and demolished often for cleaner cities. They were not
considered for planning and marked as ‘vacant land’ in Indian city’s Master plans.
Till 1970 slums were treated as illegal squatters. Needs of these Informal habitats
are not considered for planning various amenities such as housing and other sup-
porting services while subsidized housing is provided for poor through schemes
like Subsidized Industrial Housing Scheme (SIHS) 1952, EWS Housing
Scheme and LIG Housing Scheme (LIGHS) 1954 (Bouddha Charumitra). After
1970 slum improvement works have come up as slums reappeared after demolition
and demolitions are termed as in human. India’s Fifth 5-year plan focused on
physical improvement of slums. Environmental Improvement in Urban Slums
(EIUS) in 1972-73 Integrated with Urban Development Programme (IUDP)
improved infrastructure services of notified slums. After 1990s a new concept has
evolved. The underlying land of the slums was treated as a resource incentive FSI is
given for constructing tenements for sale in open market. Profits generated from the
sale of these tenements used for cross-subsidizing the free houses to the slum
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Fig. 2 Percentage of population living in slums of Indian cities

dwellers. Special autonomous Slum Rehabilitation Authority was established to
ameliorate the problems of slums dwellers. The Government of Maharashtra
appointed a committee chaired by the Chief Secretary of Maharashtra, to devise a
scheme to rehabilitate slum dwellers (Fig. 2).

Housing Scenario in India

India is passing through a phase of acute housing shortage like any other devel-
oping country. Housing in India varies greatly and reflects the socio-economic mix
of its vast population. In the last decade, there has been tremendous growth in the
country’s housing sector, along with demographic changes, rise in income, growth
in the number of nuclear families and urbanization.

According to 11th plan estimate housing requirement in India can be noted as
26.53 million units for 75.01 million households.

Requirements to Achieve the Vision by 2022

By 2022, India needs to develop about 11 crore housing units requiring investment
of more than USD 2 trillion or about USD 250-260 billion annual investment until
2022. Urban housing is to account for about 85-90% of the total investments; the
focus should be on affordable urban houses, which is 70% of the total urban
housing requirement. About 1.7-2.0 lakh hectare of land is expected to be required
to fulfil urban housing need by 2022. About 70% of the housing needs till 2022
should be concentrated in ten states. These states are Uttar Pradesh, Bihar,
Maharashtra, West Bengal, Madhya Pradesh, Andhra Pradesh, Telangana,
Rajasthan, Tamil Nadu and Karnataka (Urban Housing Shortage 2012-17).

The state of Maharashtra is witnessing rapid urbanization. As per National
Census 2011, Maharashtra has the highest urban population of more than 5 crore.
By the year 2022 the housing need in Maharashtra is expected to grow to 1 crore
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housing units (50 lakh each in urban and rural), with more of the housing
requirements in the urban regions. The State Government has resolved to provide
19 lakh houses by the year 2022, with the main thrust for Economically Weaker
Section (EWS), Lower Income Group (LIG) and Middle Income Group
(MIG) housing. This time-bound objective has given a dimension of urgency to
revise the earlier government housing policy. Thus a new housing policy needs to
be in place in view of the new dynamic scenario by defining the role of the State as
a Facilitator, Catalyst, Builder and Regulator. As per the census of 2011, out of
3.36 crore census houses 2.98 crore houses were occupied in the State. The pop-
ulation of the rural houses in the total census houses was 52.2 and 47.8% in urban
areas. A survey by the National Housing Bank (NHB) reveals a national housing
shortage of 18.78 million in 2012-13, with Maharashtra’s shortage estimated at
1.94 million houses. Urbanization in Maharashtra has increased from 42.43 to
45.23% in 2001-2010. All indicators project an ever increasing trend of urban-
ization. All indicators indicate the gravity of the housing deficit in the State par-
ticularly in the affordable housing segment and hence affordable housing needs a
big push (Source: New Housing Policy and Action Plan 2015).

Strategies for Increasing Supply of Affordable Housing

Government lands for affordable housing.

Public—private partnership.

Employee housing.

Affordable housing scheme.

Inclusive housing in all housing projects.

Rental housing.

Affordable housing through Town Planning Scheme (TPS)/Special Township
(STS) on private.

And by CIDCO.

e Townships/Industrial Townships/IT Townships by private developers.

Strategies for Optimum Use of Existing Land Resources
by Encouraging Redevelopment

MHADA housing initiative.

Redevelopment of MHADA transit camp.

Redevelopment of cessed building.

Urban renewal scheme.

The Bombay Development Department crawls redevelopment.

Slum redevelopment: Slum up gradation, rehabilitation and redevelopment.
Slum declaration and acquisition of private slums.

Scheme for D-Class Municipal Corporation and A-Class Municipalities.



Redevelopment of Urban Slum Dwellings: Issues and Challenges 41

Housing for conservancy workers.

e Land acquired for Special Economic Zone (SEZ) by private developers.

e Development of land owned by Central Government/Central Government
Undertaking such as LIC/RBI/ESIC, etc.

e Smart city centres in cities with population of more than 10 lakhs.

Strategies for Improving Quality of Life, Overall Living
Standards with Concern for Environment

e Conservation of water, environment and heritage structures.
e Preventing unauthorized/informal housing

Strategies for Ease of Doing Business

Use of Information Technology (IT) by ULBs.
Dematerialisation of Transferable Development Rights (TDR).
Using of land as collateral security.

Built-up area in lieu of development charges.

Reimbursement

Objectives of the Study

1. Bring to light the issues and challenges related to the redevelopment projects.

2. Providing a solution for timely completion of projects through resource allo-
cation methods.

3. To study the impact of new technology bricks on the cost of the project.

Methodology

Study Area

Nagpur with total 446 slums out of which 289 are notified as authorized slums. The
city has nearly 36% of its population living in these slums. Nagpur stands as fourth
largest slum population in the country. It is facing the challenge of providing
housing to the slum population. According to City Sanitation Plan (CSP) prepared
by Nagpur Municipal Corporation’s health department (sanitation) almost 8.58 lakh
people living in 1.41 lakh structures in slums have poor basic facilities.
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Government of India approved the construction of 6357 dwelling units with total
project cost of Rs. 402.29 crores in the 60th meeting of the Central Sanctioning &
Monitoring Committee (CSMC) on 21 February 2009. Out of 6357, 2720 are in situ
housing and 3637 is the flat scheme (Fig. 3).

Flat Scheme for Slum Rehabilitation

As per the government’s scheme for smart cities, 100 smart cities shall be devel-
oped across the country in the next 5 years. Simultaneously, cities in the country
have been selected for urban renewal—upgradation of facilities, especially the
drainage and sanitation facilities and infrastructure in these parts. Slum
Rehabilitation Authority sanctioned 3637 numbers of unit for flat scheme out of
6357 dwelling unit in different regions of Nagpur. For people who do not have their
own land and living illegally. For commercial development, land near public area,
industrial area, business area is very important. A number of sanctioned flat in
different regions are as follows (Fig. 4).
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Detail of Money Contribution

The share of GOIL, GOM, NMC and beneficiary is as given below:

Total project Central share | State share (in lakhs) | NMC share Beneficiary

cost (in lakhs) (in lakhs) share (in lakhs) share

40229.26 18286.03 10142.80 + 3657.21 5943.66 2199.55
(other charges)

In this project the cost for one in situ house = 449,724.00 Rs.

Central share for one house (50%) = 224,862 Rs.
State share for one house (30%) = 134,917 Rs.
Beneficiary share in one house (11%) = 49,469 Rs.
Local Body share for one house (9%) = 40,475 Rs.

Total carpet area for one house (sq. feet) = 270-320 sq. feet for a different type
of house.

Cost per sq. feet = 1405-1665 Rs.

Sanctioned Cost of Single House Type A

The completion of a house was carried out in four stages. Specifications of work
done and the estimate according to schedules have been presented in Table 1. The
percentage composition is mentioned as remarks. The progress report and detailed
bar charts of work procedure are provided in the later sections.

Cost requirement in four stages is given in Table 1.

One of the sites of ongoing SRA projects in Nagpur that is Pandharabodi has
been chosen for study assuming that similar conditions are prevailing in other sites
as well, as there are limitations of time and other parameters.

Pandharabodi Area

Sanctioned in situ houses details are below:

Name of Slum: New Pandharabodi.

No of Dwelling Units: 360 Dues nos.

Carpet area of each DUS: 250-300 sq. feet.
Built-up area of each DUS: 270-350 sq. feet.
Contractor appointed: 2

Completed DUS: 150 dunes

In progress DUS: 55 no. (Fig. 5)
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Table 1 Cost requirements at different stages

D.S. Rupwate et al.

S. Components As per Remark

No. schedule (%)

1 STAGE I: Complete work up to plinth including plinth slab and | 140,808.77 | 31.31
sintex tank

2 STAGE II: Complete RCC frame structure up to RCC slab 77,607.01 | 17.26

3 STAGE III: Complete brick work of 4” and 6", internal— 1,45,330.25 |32.32
external plaster, doors, window, ventilators, kitchen otta, etc.

4 STAGE 1V: Full and final bill including painting, tiles, 85,978.56 | 19.121
plumbing and electrical fitting extra items complete

5 TOTAL (Rs.) for type A unit 449,724.59 | 100
Difference 449,724.59

DISHA CONSTRUCTION

166 HOUSES
PANDHARABODI SITE (360
HOUSES)
SAJID
CONSTRUCTION
198 HOUSES

Fig. 5 Flow chart of project for pandharabodi area

75 HOUSES IN 1ST 6 MONTH
(1JAN 14 TO 31 MAY 14)

91 HOUSES IN NEXT 6 MONTH

(1JUNE 14 TO 31 DEC14)

Different plans are prepared by NMC for in situ housing, according to plot size

available.

Problems on Site During Construction

Time overrun

Material quality

Scarcity of skilled labour
Problems during operation.

Time Overrun

time of 6 month on 16 November 2013.

Out of 15 houses all are taking more than 6 month for completing work.
For construction of one house 50-60 days are sufficient.

In group construction it can be completed in 40-50 days.
First Government gives a contract of 75 dwelling units out of 166 units for the
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Causes of Time Overrun

Resource Problem.

Dispute between owner and contractor.

Poor time management.

Coordination between Govt. authority and contractor.
Rework and design changes.

Delay in revised estimate.

Delay in handing over site to contractor by owner.
Bad weather condition.

Shortage of human resources.

Shortage of material on site.

Material Quality and Quantity

Delay of construction due to lack of materials

Material quality is not tested as recommended as per IS guidelines.
Unsatisfactory methods of testing bricks and sand are followed.
Reinforcement and bar bending works are not up to mark.

Materials were not stored properly and dumped along roadside

Bricks are not watered and improper construction methods are followed (Fig. 6).

Scarcity of Skilled Labour

The following graphs will give the detailed explanation about the actual number of
labourers required to complete the work on time versus the number of labourers
employed which again led to stalling of work (Fig. 7).

Fig. 6 Aggregates are mixed with improper graded stones and last picture shows poor mixing of
concrete. Source Authors



46 D.S. Rupwate et al.

sanitary, electrical and finishing work

painting
slab

column up to plinth leve| r——
plinth beam
footing

excavation of treNChes m———

0 1 2 3 4 5 6 7
m no of days

Fig. 7 Activities and time requirement

W mason M labor carpenter + barbender m bhisti

9 C X 9
SR R S R
N o Q Y N Q NS N 5
& < ) N N ) © Q o
§ x§ & N xS N\ Q
& K & N K A
5 & &
& N N
53 & &
&r

Fig. 8 Activities and human resources requirement

On the basis of work, potential of workers and quantity required for different
activity requirements of human resources are calculated. Time required for par-
ticular activity and calculation of skilled, semiskilled and unskilled labour are
evaluated (Fig. 8).

The human resources requirements from first day to 40 days are displayed. The
following chart gives inflation in demand of human resources for the designed
result. The buffer is required for healthy progress of project. For reduction of time
and human resources the group construction is very important.

Actual labour requirement for single house is 40 working days (Fig. 9).

It can be observed from the charts that it is imperative to use resource
levelling/allocation techniques. This deep fluctuation damages the work order. It
also becomes difficult to plan things for future endeavours. Planning is a prime
aspect when handling such projects.
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Fig. 9 Human resources require per day for single house

Fig. 10 Seepage of water from joint of beam and brickwork. Source Authors

Problems During Operation

Being a government project, it has provided only a single site engineer for a vast
area due to which there was not enough inspection of site leading to dissatis-
factory work.

Daily reports were not submitted as a result of which pending work kept piling
on and caused wastage of time the next day.

Improper storage of materials which lead to misuse and wastage brought work
to a standstill on some days (rainy season).

During the site inspection it was noticed that site engineer responsible left the
job for a month and the head mason lead the work of advising and supervising,
which in turn again lead to poor quality of work.

Lack of adequate sanitation facilities for workers.

Interference of owners and general public in day-to-day activities, the residents
interfered in the work demanding small changes in the activities which ham-
pered the progress of the work (Fig. 10).

Non-compliance to the approved drawings by SRA and challenging and dis-
rupting the work of workers by the owners. Water closets provided were aes-
thetically not acceptable to the people as they were part of living room as shown
in Fig. 11.
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Fig. 11 Plan showing closet
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e Improper drainage and open drains leading to stoppage of work.

e Seepage of water from recently constructed houses. The joints and beams of
brickwork had water seeping through it just after a month it was constructed
(image below).

e Delay in sanctioning of money and resources.

Grouping of work

Using software Primavera activity chart has been prepared for a single house as
shown in Fig. 12. It can be seen that the activity has started on 5 May and ended 24
June 2015, i.e. 50 days for single house. Details of construction work have been
shown in bar chart (Fig. 13).

Construction work for 8 houses was started simultaneously. Activity chart and
bar chart for 8 houses have been prepared by primavera software as shown in
Figs. 14 and 15; it can be seen that the work was started on 2 January 2014 and
completed on 14 March 2014, i.e. 72 days.

It is evident that the construction of 8 houses together as group is time saving
and efficient.

Work Breakdown Structure for 75 Houses

See Fig. 16.
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Fig. 13 Bar chart for one house

Limitation

Grouping of houses for construction together was proved to be more time
saving; however, there are limitations upfront. The construction of 8 houses
studied was in a row, whereas the ongoing project has plots scattered all over
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the slum. Government should be able to provide temporary residence for the
dwellers so that grouping of houses can be done and the work would be fin-
ished before time.
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Fig. 16 Flow chart showing work breakdown

Conclusions and Findings

Slum redevelopment projects deal with major allocation of money and resource.
Many studies have been done to maximize the efficiency of resource usage, but
there exist gaps and limitations on ground; this study has brought up the issues and
problems faced on site. The following are few recommendations through which the
problems can be rectified.

Planning and managing skills should not be ignored.

Resource allocation techniques to be followed.

Drainage patterns should be looked after.

Basic requirements of end users should not be ignored.

Temporary residence for the inhabitants should be provided by government
which is both beneficial for construction by grouping house and also dwellers as
it is financial burden to them.

Primavera shows that grouping of houses leads to immense savings of time as
well as cost.

New technology bricks used in our sample house proved to reduce the cost of
construction by %. Large-scale projects such as slum redevelopment can be
benefited by using these bricks.

The key to success for a developing nation is to fulfil the basic needs of the

common man and hope this paper has contributed in finding the issues and also
provided certain means to control them.
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Importance of Indoor Environmental
Quality in Green Buildings

Alisha Patnaik, Vikash Kumar and Purnachandra Saha

Abstract One of the primary aims of green buildings is to minimize negative
impacts on their occupants by creating a healthy, comfortable and productive
indoor environment. The performance of indoor environment is described as indoor
environmental quality (IEQ). The quality indoor environment can result in
increased occupant satisfaction, enhanced performance and productivity, reduced
liability, marketing advantage and lower operations and maintenance costs. The
objective of this paper is to study and discuss [EQ and its parameters and effect on
green buildings. Building characteristics such as location, climate, design and
construction contribute significantly to the IEQ. Thermal, visual and acoustic
comfort and existing levels of volatile organic compounds (VOCs) help to measure
the IEQ of a green building.

Keywords Green buildings - Indoor environmental quality (IEQ)
Building characteristics + Thermal comfort « Volatile organic compounds (VOCs)

Introduction

In recent times, global warming is a problem for every country and hence it is
necessary to deal with such problems and at the same time, develop sustainably.
That is why nowadays, a lot of emphases is given to the design and construction of
green buildings. The construction of a green building is economical in the long run
and at the same time beneficial to the environment (Pei et al. 2015).
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A green building is constructed using environmentally friendly methods. The
main objective of green buildings is sustainability, energy efficiency and produc-
tiveness, which reduce the effect of buildings on the environment. In the later part
of 1980s, green building design began when the term “sustainability” was defined at
the UN World Commission on Environment and Development (1987). The United
States (US) and Europe first started the design and certification of green buildings in
the earlier part of 1990s. In United Kingdom, BREEAM (BRE Environmental
Assessment Method) was developed to certify green buildings, likewise US, France
had also developed methods for certification of green buildings. Consequently, all
the countries across the globe started making their own code and design specifi-
cations for construction of green buildings. The design methodologies adopted
varied according to the environmental conditions of that particular area (Wei et al.
2015). Buildings use 30-40% of total worldwide primary energy (Holopainen et al.
2015). The energy used for the construction of green buildings is approximately
equal to 20-40% of the total emission of harmful greenhouse gases. By the con-
struction of energy efficient buildings, the emission of these harmful gases can be
reduced (Wells et al. 2015).

A wide variety of techniques is used for the construction of energy efficient
buildings. Some examples of these technologies are air tightness, proper insulation,
heat recuperation and superior window. Some of the techniques used to preserve the
energy of a building like air tightness can cause poor ventilation resulting in inferior
quality of air inside the building (Langer et al. 2015).

According to the World Health Organization (WHO), “Health is a state of
complete physical, mental, and social well-being and not merely the absence of
disease or infirmity” (WHO 1999; Bluyssen and Cox 2002). Studies have shown
that most people living in urban areas spend approximately 80% of their total time
inside a building. So poor quality and pollution of indoor air causes many problems
in the health of people and sometimes triggering many diseases (Asadi et al. 2013).

In the design of IEQ of a building, various equipment are utilized for luminance,
sound system, temperature control and other purposes. Providing quality indoor
environment, while at the same time, making the building energy efficient,
environment-friendly (by reducing greenhouse gas emission) is a process which
requires proper balance between comfort providing systems and energy econo-
mizing devices (Ncube and Riffat 2012).

There is a lot of focus on sustainable use of energy and maintaining IEQ. The
parameters which characterize IEQ are thermal comfortableness and IAQ (Indoor
air quality) which is affected by the concentration of carbon dioxide and other
harmful compounds (Sarbu and Pacurar 2015).

Numerous studies have been carried out from the 1970s for understanding
occupant satisfaction with the comfort conditions in indoor environments (Crociata
et al. 2012). In the US, twelve buildings were studied by Fowler and Rauch (2008);
they stated that the residents of the buildings were concerned about the overall IEQ
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but were relieved with the acoustics and thermal performance of these buildings at
levels below national benchmarks. Paul and Taylor (2008) evaluated the IEQ
perception of the inhabitants between a conventional building and a green building
located in a couple of Australian universities and did not observe a superior level of
comfort among the inhabitants of the green building. In the UK, Leaman and
Bordass (2007) analysed occupant surveys from 177 buildings and reported a
higher rate for green buildings in the performance of ventilation and air quality
compared to the level determined in conventional buildings. However, it was noted
that the indoor environment of the green buildings tended to be warmer, less dry
and stuffier during the summer. In South Africa, Thatcher and Milner (2012)
conducted a longitudinal comparison between the occupants in green buildings
versus conventional buildings, and concluded that the Green Star-accredited
building did not increase the physical fitness, mental health or perceived produc-
tivity of the occupants at a significant level (Liang et al. 2014).

Indoor Environmental Quality (IEQ)

A simplified definition of IEQ is the interior conditions of the building. In addition
to quality of air, accessibility of sunlight, view of natural scenery, enjoyable con-
dition of acoustics, thermal comfort and resident access to control lighting, the
space and dimensions of the room are also important. The availabilities of required
tools, equipment and people are also important; so rather than focussing on one or
two parameters, the building supervisors can increase the gratification of the
building inhabitants by taking into consideration all the different aspects of IEQ.
Table 1 shows some of the general problems and their causes faced by building
occupants with regard to IEQ.

Quality indoor environment is a fundamental principle of green buildings. It
results to increase in satisfaction of the residents, improved functioning, mer-
chandising benefits, reduction of cost of functioning and maintaining the building.

While certifying a green building, IAQ is taken into consideration in almost all
cases. Figures 1 and 2 show that the weightage of IAQ in the twenty points based
on the certification of green buildings is 7.5% worldwide. Some countries like US
give additional importance on IAQ in comparison to other nations. The approxi-
mate contribution of IAQ to the certifying process of green buildings in different
countries is shown in Fig. 1. The highest share of IAQ is 10.6% in Thailand, while
US has 9.4%.

In schemes of green building, the IAQ is preferably maintained by supervising
emission sources, proper air circulation and assessing the indoor quantity of air. The
various phases of the lifespan of a building are covered by these three paths.
Supervising emission source consists of choosing paints and other materials used in
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Table 1 Issues, difficulties and causes of IEQ (Bluyssen 2000)

Issue Difficulties Cause
Wetness in Dry/dusty air, problems with eyes | Low RH, moulds
the air Allergy Condensation, moulds
Humidity Crystallized spot, humidity circles | Leaks in buildings, precipitation,
building accumulation of water
Mould growth Non-existent insulation, bad ventilation,
leaks in pipes
Condensation Bad ventilation, leaks in pipes, Improper
insulation
Noise Excessively high sound level Noisy neighbours, Loud Speakers,
Vehicles in road
Thermal Too cold Inefficient temperature control system
comfort Too warm Inefficient temperature control system
Draught Improper ventilation of air
Temperature differences Improper ventilation of air, improper
insulation
No control Deficiency of control
Air quality Pungent odour, annoyance in Improper cleansing, pollution
throat and eyes
Lighting Too much light Use of improper lights
Too little light Use of improper lights
Safety The feeling of insecurity Lack of sufficient security at the entry area
Apartment Unacceptable quality of water Water flow, water temperature, taps
utilities supply
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the interior of a building in such a way that they have a low discharge of harmful
gases. The system for air circulation should allow proper commutation of air
between the interior of the building and the outside environment. The efficiency of
the air circulation system and supervision of energy source can be checked by
assessing the indoor air.
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Effect of Poor IEQ on Human Health

In the year 1984 in a report of the World Health Organization (WHO), it was
mentioned that thirty percent of recently constructed and resituated buildings across
the globe face problems relating to inferior quality of air inside the building. The
word “sick building syndrome (SBS)” was introduced by WHO which refers to
circumstances wherein the residents of the building face severe deterioration in
health and experience discomfort if they spend higher amount of their time inside
the building. This syndrome can be caused by improper insulation, air circulation
and inefficient air conditioning devices. Other reasons like harmful microorganisms
and chemicals can also be responsible for SBS. Some problems which may develop
due to the inferior quality of indoor are cough, cold, respiratory problems, irritation
in skin and also problems in heart. These problems might also lead to development
of diseases like asthma. Moreover, mental skills and thinking availability of a
person are also deteriorated. Some common interior environmental contaminants
that have a negative impact on human health include carbon monoxide and other
harmful chemicals like pesticides, high reactive compounds, etc.

Parameters of IEQ

In this study, the focus is laid on the following parameters of IEQ—building
characteristics, thermal comfort, visual comfort, acoustic comfort and volatile
organic compounds.

Building Characteristics

Buildings are constructed to shelter the inhabitants from the exterior environment
and furnishing high-quality internal conditions. A building secures its residents
from the severe environmental conditions like precipitation, earthquake or storm
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Fig. 3 Development in temperatures in a free-floating building in one year (Roulet 2001)

and at the same time maintains a suitable and comfortable internal environment.
According to Chatelet et al. (1998), the indoor environment of a freely floating
building (a building without any air temperature control system) must not be more
uncomfortable than the external climate. This scheme is described in Fig. 3.

As per the type of clothes, residents ask for dissimilar temperatures in different
seasons. So the optimal temperature zone is higher in summer and lower in winter.
The Curve for building A shows that it is well-insulated thermally, suitable devices
for controlling solar energy and efficient air-circulating devices. During summer
season, it is protected from the heat waves but during winter season it can utilize
this solar energy to increase the indoor temperature. So luxury and comfort are
provided in the building by making minimum use of energy sources other than solar
energy. The amount of energy which is used for temperature control (i.e. cooling or
heating) is saved in such buildings. The curve for building B shows that it does not
have appropriate thermal insulation and is unable to utilize solar energy effectively.
So energy sources other than solar energy have to be used to control the internal
temperature of the building.

Thermal Comfort

In accordance with the ASHRAE/ANSI Standard 55-2010, thermal comfort may be
described as “that condition of mind which expresses satisfaction with the thermal
environment and is assessed by subjective evaluation”. The perception of thermal
comfort may vary from person to person, any specific range of temperature cannot
be declared. One way to find out whether the inhabitants of the building are satisfied
with the indoor thermal conditions is to go door-to-door and ask people, thus
performing a detailed survey in that building. The internal thermal conditions are
good if the majority of the residents (80%) are satisfied with the thermal conditions.
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The conditions which affect the thermal comfort can be categorized as personal
factors (type of clothing, physical condition) and environmental factors (moisture in
air, temperature of air, velocity of wind). Both these factors play a vital part in
determining the thermal comfort of the building (Hua et al. 2014).

The situations responsible for the increase of internal temperature in a building
are heat transfer from outside the structure and heat emitted from internal electric
devices (Nasir et al. 2011).

Another environmental factor is humidity which is defined as the quantity of
moisture present at a particular place. The quantity of moisture is affected by the
temperature. The higher the temperature, the higher is the moisture content (Nasir
et al. 2011).

For the growth of moulds wet surfaces are required. Low-temperature and humid
air can contribute to the growth of moulds which deteriorate the IEQ (Nasir et al.
2011). In single-paned windows there is a proper facility of air circulation and heat
exchange between the internal and external environments of the building; hence,
the walls which are improperly insulated have no risk of condensation on their
surface. In case of double-paned windows with air-sealed glazing, there is mini-
mum air circulation and heat exchange. So there is increased presence of indoor
moisture and hence there is a risk of mould growth on walls which are improperly
insulated.

Visual Comfort

Light and vision are related to each other; vision enables us to observe the nature
and interact with others. So for the purpose of visual comfort, light is a necessity. In
lighting, proper balance of blaze and contrast is essential. Day lighting is the
utilization of blaze-free sunlight for illuminating the indoor of a building and it is
undeveloped in most architectural design due to lack of information of its useful-
ness and depending on over-optimistic energy savings (as in simulations and blind
usage) that are really met in open-plan offices. Lighting is of a paramount concern
to the design of office space, as in a typical new building, it consumes up to 25% of
the amount of energy required and this indirectly affects visual comfort which is
one of the models of IEQ. The use of natural light is indeed an inevitable practice
internationally, as it saves energy in buildings which involve bioclimatic passive
solar design. Although sustainability in the context of sustainable architecture has
been narrowed to ‘low energy’, energy performance boils down to energy efficiency
and IEQ. Research has shown that visual comfort relates today lighting research
significantly as it contributes to the well-being and performance of the users. Access
to natural daylight and fenestration with pleasant views contributes to the reduction
in stress levels in an office environment, and research has also shown that most
people find natural lighting from day lighting better than fluorescent, incandescent
lighting, help in psychological comfort and increase their productiveness; and it has
advantages in our health and well-being. Day lighting is an element used to improve
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occupant’s psychological health and productivity as office buildings require more
intellectual work than physical work, which suggests that the indoor environment of
the office should ensure proper well-being of the workers and in turn could reduce
occupant’s productivity rate probably due to building-related illness (BRI). The
condition of brightness or lights in a building has an impact on the tiredness,
security and comfort of its inhabitants. Research in a green building required
baseline and this is difficult to achieve in Asia region as fewer green buildings exist.
There have been some problems across most green buildings with daylight and
glare control as a repetitive one and occupants comfort is neglected for energy
savings (Dodo et al. 2014).

In the course of evolution of Homo sapiens, the eye has adjusted itself to
sunlight. The natural source of sunlight allows more visual comfort to the human
eye than any other artificial source of light. So maximum utilization of daylight
must be made as it does not consume any energy and is most suited for the human
eye. The lesser the number of artificial lights used in a building, the more efficient
are the systems of day lighting. Use of anabolic reflectors can reduce the number of
artificial lights required (Courret et al. 1996) and thus reduce energy consumption
significantly as shown in Fig. 4.

The quality of indoor lighting has an effect on satisfaction of residents, aesthetic
appearance, blaze and contrast. All these things have to be balanced and maintained
for a specific function inside the structure. Some guidelines and codes have been
developed for ensuring sufficient light for residential buildings, commercial
buildings as well as office. A code called CIBSE provides specifications and sug-
gestions for superior quality indoor lighting inside workplaces (CIBSE 1994).
Some specific tasks require specified level of lighting; for example, at workplace,
the minimum level of illumination should be 500 Ix (Ratcliffe and Day 2003).
According to Burnet et al. at workplaces the amount of illumination of a working
surface or horizontal surface is important and hence can be regarded as a necessary
guideline (Chung and Burnett 2000). The effect of increasing the lighting at the

Fig. 4 Mirrors positioned at specified positions reflect the light and illuminate the room (Roulet
2001)
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workplace and its effects on the working staffs were studied by Saunders (1969).
Equation (1) shows the relation between lighting index and the illumination of a
horizontal surface.

Saunders showed the effects of increasing working plane illumination on
workers’ satisfaction with the quality of lighting and Eq. (1) is derived from the
results (Saunders 1969). The basis of lighting index is the amount of light falling on
the working surface:

Lingex = —176.76X? = 738.4X — 690.290. (1)

In the above equation, X = 10 * [In{In(Inx)}].

Acoustic Comfort

Acoustic comfort is the capability of a building to offer an unnecessary noise-free
internal environment. The source of the undesired noise could be from sources
inside the building as well as external sources like loudspeaker, traffic, etc. (Bies
and Hansen 2009). The desirable level of noise inside a building can vary with the
purpose for which the room is used. In case of a library the desirable level of noise
will obviously be lesser than a classroom, and a classroom’s desired noise level will
be lesser than an auditorium. The optimum noise level may also vary from person to
person in a building. Wong et al. (2007) collected data relating to the level of noise
in various office environments. Several specifications and standards have been
developed for good quality acoustic system like Kosten’s noise rating (NR) tech-
nique, Blaizers’s room criterion (RC), etc. Bies and Hansen (2009) described the
different standards and ratings for evaluating acoustic comfort. Terms such as “very
quiet”, “quiet”, “noisy”, etc. have been used in various studies to describe the
acoustic condition and comfort (Bies and Hansen 2009; WHO 1985; Kjellberg et al.
1997; Nilsson 2007; Sabnis 2015). Equation (2) provides a relation between per-
centage of people unhappy with the noise levels and the actual noise level in dB:

PDACL‘ =2 (ACtualSoundpressurelevel - DeSIgnSoundpressurerange)7 (2)

Y Percentage of people unhappy with the noise levels.
x Actual noise level in dB.

Equation (3) can be used to find out an index related to acoustic
comfortableness:

ACcingex = 100 — PD4c.[10]. (3)
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Volatile Organic Compounds (VOC)

Volatile organic compounds (VOCs) may be released from a variety of substances
which can be liquid or solid. Some harmful and toxic chemicals are also included
under VOCs, and these toxic chemicals can cause deterioration of health of
occupants. The amount of VOCs may be more inside the building as compared with
the external environment. VOCs are extensively utilized for various indoor oper-
ations like painting, varnishing of furniture, perform cleansing operations, disin-
fection of household items and other daily use products. During the tenure of their
use, these products continue to emit harmful organic compounds which effect the
health of the people inside the building (Table 2).

Table 2 Sources of VOCs and other harmful organic chemicals (Zabiegata 2006)

Sources of VOCs and other harmful organic chemicals

Interior of the building Exterior of the building

Source of origin is the building Chemical and oil industry
* Construction and design items
* Repair and maintenance of building
* Tools and machinery used inside the building
* Actions of microorganisms

Originating from human and human activities Small-scale business (printing,
inside the building photocopying)
* Household and consumption goods (hygiene | One time pollution sources
products, aerosols) * Break down of valves, pipelines, and
* Processes connected to indoor cleaning pumps
* Cooking * Leaks during loading/unloading
* Social functions * Safety valves
* Interior flora * Cleaning of tanks

* Human waste
* Household (stoves, ovens)
* Electronic machines

Emissions of biological origins
* Green plants
 Agriculture
* Global ocean surface

Underground water and water bodies in
the earth’s surface

Grounds in which soil is polluted by
human activities

Use and discarding unnecessary materials
« Sewage treatment plants
* Recycling of wastes
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Conclusion

The green building movement has revolutionized the way the architectural industry
envisions and designs buildings for the promotion of environmental sustainability.
However, the majority of researchers till date have shared a strong focus on the
effectiveness of green buildings in energy-saving and less on keeping an IEQ
appropriate for indoor occupants.

IEQ is an important parameter in the majority of the certifying processes for
green buildings all over the world. The average worldwide weightage to IEQ is
about 7.5%. VOCs and other harmful chemicals and pollutants are considered in the
majority of the certifying process as they contribute to deterioration of health.
Different certifications use different methods to control IEQ, almost all of them use
air circulation or ventilation as a very important parameter. In 77% of the certifying
processes, controlling the source of release of pollutants has been included as an
important parameter. Assessing the air present in the interior of the building is
considered in many of the certifying processes. It was observed that the method-
ology used for measuring the indoor air was different in different cases. It can be
concluded that IEQ and its parameters are of paramount importance to make a
building ‘green’. To achieve a sustainable building, designers and engineers need to
find the right balance between energy-saving imperatives and the quality indoor
environment.
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Meteorological Factors Influencing
Dispersion of Vehicular Pollution
in a Typical Highway Condition

Rajni Dhyani and Niraj Sharma

Abstract Vehicular dispersion models, particularly highway dispersion models are
used worldwide, including India, for assessment and management of air quality
along the major roads/highways. However, dispersion of vehicular pollutants is
influenced by various factors such as traffic, receptors and land use along with
meteorological factors. In the present study, CALINE4, a Gaussian-based vehicular
pollution dispersion model has been used in Delhi, along Ring Road Corridor near
Indraprastha Park. Sensitivity analysis of CALINE4 model has been carried out for
identification and quantification of meteorological parameters, viz. wind speed,
wind direction, mixing height and P-G stability class influencing the model’s
output. These input parameters in the model were systematically varied for
assessing their influence on model’s output, i.e. predicted concentrations. The study
revealed that wind speed and wind directions have significant impact on dispersion
of vehicular pollutants as compared to mixing height and stability class.

Introduction

Use of these highways dispersion models has increased over the years in policy
support for large road infrastructure projects (Bennett et al. 2013). Accuracy of
various highways dispersion models like any other the air pollution dispersion model
results relies on the accuracy of its input parameters. It is important to identify those
input variable(s) (or combination of two or more inputs) which significantly influ-
ences the output of the model most. In order to establish the importance of individual
parameters in the model, models are subjected to sensitivity analysis under wide
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range of conditions. Sensitivity analysis indicates how much of the overall uncer-
tainty in the model predictions is associated with the individual uncertainty in each
model input(s) (Nossent et al. 2011; Zhan and Zhang 2013). Sensitivity analysis of
the model is carried out to identify key variables in modelling system and helps in
focussing on collection and estimation of those influencing parameters (Trueman
2007). The CALINE4 (Benson 1989) line source dispersion model is used exten-
sively throughout the world including India for predicting air quality along highways
under prevailing traffic and meteorological conditions. CALINE4 model requires
relatively lesser expertise and has comparatively less input data requirement than
other vehicular dispersion models (Gimson et al. 2010). In India, CALINE4
vehicular pollution dispersion model is extensively use for prediction of air quality
along the highway corridors (Sharma et al. 2013; Dhyani et al. 2013; Majumdar et al.
2009; Lao 2010). However, few studies have been carried out in India regarding
validation and performance evaluation of CALINE4 under mix traffic conditions
(Majumdar et al. 2010; Dhyani et al. 2014; Konar and Chakrabarty 2012). Most of
the vehicular pollution dispersion models like CALINE4 used in India are developed
in western countries for their traffic and meteorological conditions. Further, most
models developed in western countries (homogeneous traffic conditions and mete-
orological conditions) are unable to do fair representation real-world complexities
(e.g. mixed traffic conditions) common (in the form of meteorological and traffic
condition) are still unresolved (Karim et al. 1998). Sensitivity analysis is an
important tool to examine model performance in the presence of uncertainty in the
model input variables and development of new models.

Few studies have been carried out to identify the influential parameters in
CALINE4 model and for further improvement in new models. Benson (1989)
comprises most of its input parameters of CALINE4 model, such as, P-G stability
class, mixing height, wind speed, wind direction, highway width and highway
length; under homogeneous traffic and open terrain conditions for which model has
been developed. Sripraparkorn et al. (2003) used CALINE4 and reported that wind
direction, traffic volume receptor heights and composite emission factors affect the
output of the model most and atmospheric stability and mixing height affect the
output least. Batterman et al. (2010) developed the multiplicative emission and
dispersion sub-models by identifying the influential variables through sensitivity
analysis of MOBILE6.2 (USEPA 2004) and CALINE4 model, respectively. The
sub-model (a reduced-model form of CALINE4) did not include the mixing height
and stability class due to their minor contribution in CALINE4 output (i.e. predicted
concentrations). However, no such study has been carried out under mixed traffic
conditions. In the present study, an effort has been made to identify the input
parameters, which influence the output of the CALINE4 model most under mix
traffic condition.
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Methodology

Site Characteristics

The present study was carried out in Delhi, India. Delhi has the highest vehicular
population in India with nearly 8.5 million (GNCTD 2015) vehicles, which con-
stitute nearly 4.6% of the vehicular population of India (MoRTH 2013). Delhi has
mixed traffic conditions (or heterogeneous traffic condition with both motorised and
non-motorised vehicles, no lane following by traffic). For the study, Ring Road
Corridor, near Indraprastha Park was selected. The selected corridor is a part of
major city road connecting outer Delhi areas to Central Delhi. The stretch selected
is nearly 2 km in length and width of the study corridor is 30 m. Intercity com-
mercial vehicles do not ply during peak hour. The selected stretch is fairly open
terrain with good dispersion conditions and free flow traffic. The corridor has been
selected as it represents the typical highway conditions that exist in western
countries for which model has been developed (Fig. 1).

Traffic Characteristics

The traffic volume count was carried out through videography at Ring Road
Corridor, near Indraprastha Park, further, videopad editor software was used for

udy corridor
km length

Air pollution
measuremgnt sitr:.'

Fig. 1 Ring Road Corridor, near Indraprastha Park
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Fig. 2 Diurnal distribution of traffic volume along Ring Road Corridor near IP Park

counting the vehicles from the recorded video. The total number of vehicles were
196,440 (~0.2 million) vehicles per day. Diurnal distribution of various categories
of vehicles has been shown in Fig. 2. Unlike the typical urban roads, no distinct
morning and evening traffic peaks were observed, during morning hours (0900—
1000 h) there was 12,213 numbers of vehicles. High traffic counts were observed
during 1400-1500 h (~ 14,400 vehicles) and during 1700-1800 h (14,158 vehi-
cles). Fuel station survey was carried out along the selected road corridor to know
the age profile of vehicles, engine technology (2 stroke or 4 stroke) and fuel type
(petrol, diesel, CNG and LPG) used by various categories of vehicles. From fuel
station survey it was observed that share of cars was highest followed by 2Ws,
3Ws, LCV, buses and HCV (Fig. 3). The results (in terms of their age profile,
engine technology and composition) obtained from fuel station surveys were
applied on the traffic volume of selected corridors assuming that the vehicles plying
on the road have the similar characteristics as captured during the fuel station
surveys. It was observed that ~62% of vehicles were petrol driven followed by
~20% diesel vehicles, CNG 17% and LPG 1%. The information obtained through

Fig. 3 % share of different LCV HCV
categories of vehicles at Ring Buses 6% 3%
Road Corridor near IP Park

Wheelers
14%
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fuel station survey and traffic volume videography (e.g. percentage of 2W-2S and
2W-48S vehicles, percentage of petrol- and diesel-driven vehicles in 4W categories)
were used to estimate weighted/composite emission factors (WEFs or CEFs) as an
input in the CALINE 4 model.

The WEF (input parameter for CALINE4) is a function of vehicle emission
factor (vehicle category, type, fuel type, age profile, vintage, etc.) and vehicle
activity (traffic volume). For estimation of WEF (gm/mile) (representative values
for all categories of vehicles), emission factors for Indian vehicles were used (ARAI
2008).

The study was carried out in winter season in the month of February. The
micro-meteorological input parameters such as, wind speed, wind direction and
relative humidity, were measured on-site with the help of Air Pollution Mobile Van
fitted with meteorological sensors. The hourly mixing height values were obtained
from the Indian Meteorological Department (IMD) (Attri et al. 2008). In addition,
hourly P-G stability class was estimated using wind speed, solar insolation and
cloud cover (daytime and night time) (Turner 1994). The predominant wind con-
dition was blowing from south-east. The ventilation coefficient is a function of wind
speed and mixing height. It is a product of wind speed and mixing height and
represents the mixing potential and ventilation capacity over a region. During
daytime ventilation, coefficients have higher values (unstable conditions with high
mixing height) and low during night time (Table 1). Higher the ventilation coef-
ficient the more will be pollutant dispersion and vice versa (Lu et al. 2012).
However, it is not directly used in CALINE4 model as an input (Fig. 4).

CALINE 4 Model Description

CALINE4 model is the fourth generation simple line source Gaussian plume dis-
persion model. It predicts the concentrations of CO, NO, and PM;o/PM, 5 near
roadways. It employs mixing zone concept to characterise pollutant dispersion over
the roadway (Benson 1989). CALINE4 model uses the concept of mixing zone
width, i.e. region above roadway as zone of uniform emissions and turbulence
(Benson 1989) which accounts for vehicle induced turbulence. Mixing zone width
includes sum of roadway width, median width and 3 m on either side of the
roadway. Under standard run (1-h) conditions, the model uses given meteorological
parameters to predict CO concentrations at pre-identified receptors points. The CO
being the indicator pollutant for vehicular activities was chosen for the present
study.
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Table 1 Summary of the on-site meteorological parameters at selected IP site (Feb, 2015)

Time | Wind Wind speed | Stability | Mixing | Wind Temperature | Relative
(h) direction |at 10 m class height direction (°O) humidity
©) (power (m) standard (%)
formula) deviation (°)
8:00 113.3 3.7 B 50 18 22.1 75.1
9:00 117.7 3.8 B 60 18 23.6 70.6
10:00 |119.9 3.8 B 175 18 239 70.6
11:00 |127.3 3.8 B 325 18 242 65.9
12:00 |123.8 3.8 B 450 18 26.2 61.8
13:00 |129.2 3.8 B 700 18 27.0 59.6
14:00 |126.5 3.8 B 725 18 27.2 61.1
15:00 |121.5 3.7 B 825 18 27.0 62.7
16:00 |125.3 3.8 C 850 13 26.9 64.8
17:00 |127.6 39 C 738 13 259 69.4
18:00 |128.4 39 C 600 13 25.0 72.2
19:00 |133.8 4.2 D 400 10 242 75.7
20:00 |147.1 3.7 E 300 6 23.9 76.0
21:00 |126.8 3.8 E 225 6 23.1 82.4
22:00 |128.5 39 E 200 6 22.8 81.0
23:00 |131.0 3.8 E 150 6 22.5 81.3
0:00 132.1 39 E 125 6 222 82.7
1:00 132.0 35 E 100 6 21.8 84.4
2:00 126.0 35 E 75 6 22.1 81.6
3:00 131.1 29 F 50 6 222 71.5
4:00 134.1 2.5 F 52 6 21.7 74.9
5:00 156.2 35 D 40 10 21.6 73.3
6:00 161.8 35 D 45 10 21.2 76.1
7:00 111.8 3.7 C 60 13 21.4 75.9
3500
3000 —+— Ventilation Coefficent
2500 (m2/s)
Z 2000
£ 1500
1000
500
888888888588888888888833
QSOOI ERINAESsES8838ES

Hour of the Day

Fig. 4 Diurnal variation in ventilation coefficient (m2/s) at selected corridor
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Table 2 Data set selected for sensitivity analysis

Time | Wind Wind Stability Mixing | Wind Pollutant Temperature | Traffic WEF
(h) direction speed class height direction background | (°C) volume (g/mile)
©) (m/s) (P-G) (m) +SD (no. of
vehicles)
1000 119.9 3.8 B 175 18 0 239 10,701 3.75

Sensitivity Analysis of CALINE4 Model

Sensitivity analysis of CALINE4 model was carried out to determine the signifi-
cance and contribution of each input variable in the model’s output. According to
Benson (1989), all input parameters act independently within the model and
interaction between two or more variables was presumed to be insignificant.
Therefore, for sensitivity analysis, selected input variables were changed system-
atically changing one input variable at a time keeping other variables constant and
effect of each input variable on predicted concentration was observed. Morning
peak hour (1000 h) data set has been selected for the sensitivity analysis of the
CALINE4 model. Primarily meteorological parameters like wind speed, wind
direction, P-G stability class and mixing height were considered for sensitivity
analysis (Table 2).

The sensitivity analysis results consist of CO concentration-wind angle (PHI or
roadway to wind angle) graphs. Wind angle has been taken with respect to road-
way, thus, 0° means parallel to the roadway and 90° means perpendicular to
roadway. The CO concentration was observed/ estimated at pre-identified receptors
locations selected at a distance of 1, 5, 10, 25, 50, 100, 150 and 200 m at either side
of the mixing zone width. The sensitivity analysis was carried out for standard run
(1-h) condition.

Results and Discussion

Sensitivity Analysis of CALINE4 Model

Meteorological parameters namely, wind speed, wind direction, stability class and
mixing height were varied systematically from the selected input data set. CO
concentration-wind angle (PHI or roadway to wind angle) graphs have been pre-
sented at four distances from the mixing zone width—35, 10, 25 and 50 m to explain
the CALINE4 sensitivity for selected input parameters of the model. CO
concentration-wind angle (PHI or roadway to wind angle) graphs were presented to
explain the CALINE4 sensitivity for selected input parameters of the model. Wind
angle was taken with respect to roadway, i.e. 0° PHI means parallel to the roadway
and PHI = 90° corresponds to perpendicular wind conditions w.r.t. roadway. Wind
direction is an important parameter in air pollution dispersion, as it fixes the course
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Fig. 5 Sensitivity analysis for wind angle, PHI (°) and wind speed (m/s)

of pollutant dispersion. From sensitivity analysis of CALINE4 model, it was
observed that model is most sensitive to PHI between 0° and 30°. Maximum
concentration was observed at PHI = 10°. Minimum pollutant concentration was
observed when PHI = 80°-90° or perpendicular to roadway. During parallel PHI
(0°-25°), pollutant concentrations were observed on both upwind and downwind
direction (Fig. 5a). Wind speed impacts the dilution and dispersion of pollutants. In
the CALINE4 model Gaussian equation, wind speed is inversely proportional to
predicted pollutant concentration (Benson 1989; Batterman et al. 2010; Bhaskar
and Mehta 2010). Wind speed was varied from 0.5 m/s (calm) to 5 m/s in 1 m/s
interval. With every 22% increase in wind speed, i.e. 1-2 m/s, 22% decrease in
predicted concentration was observed. Maximum concentration was observed
during parallel wind direction (10° and 20° PHI) Fig. 5b.

Mixing height defines the structure of turbulence in boundary layer. Mixing
height along with wind speed determine the volume available for mixing and
dispersion of pollutant (Khandokar et al. 2010; Banta and White 2003). Vehicular
emissions are near ground emissions, therefore, the influence of mixing height is
not expected in dispersion of pollutant. Moreover, in the CALINE4 model thermal
turbulence from exhaust of emission and mechanical turbulence generated from
vehicles are the main forces, which influence the dispersion of pollutants in mixing
zone width (Benson 1989). For sensitivity analysis, mixing height was varied from
25 to 2500 m (Fig. 6a). It was observed that negligible change occurred when
mixing height was varied. The data set selected for the study has B (unstable
atmosphere) P—G stability class. Model uses Pasquill-Gifford stability class only,
P-G stability class is a function of solar insolation intensity, wind speed, cloud
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Fig. 6 Sensitivity analysis for mixing height (m) and stability class (P-G)

cover and time of the day. Stability class was varied from Class A (highly unstable)
to Class F (highly stable). However, insignificant impact of change in stability class
was observed on predicted concentration near mixing zone width. However, slight
increase (15-30%) in concentration was observed as we move away from mixing
zone width (25 and 50 m) (Fig. 6b). Thus indicating the importance of mixing zone
width concept, where mechanical and thermal turbulence are predominant forces for
dispersion. As we move away from the influence zone (mixing zone width),
atmospheric features like stability class, mixing height become significant forces for
dispersion and dilution process of air pollutants.

Conclusions

Sensitivity analysis of model was carried out to identify the most influencing input
parameters in the CALINE4 model. The impact of wind speed and wind direction
was more significant on dispersion of vehicular pollution. CALINE4 was found to
be most sensitive to parallel wind direction. Maximum concentration was observed
at PHI = 20° (parallel wind direction). Wind speed has significant impact, it is
inversely proportional on predicted concentration. Nearly, 22% increase in wind
speed (0.5-1 m/s) results in 22% decrease in predicted concentration. Stability class
was observed to be influencing at a nearly 50 m away from mixing zone width. The
impact of stability class is more prominent at receptors away from mixing zone
width. Mixing height had insignificant influence on model prediction capability,
therefore, it could be concluded that any default value could be used for the
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pollutant concentration prediction. Vehicular pollution or release of exhaust is near
to ground level, where vehicle-induced turbulence and mechanically induced tur-
bulence are the most significant forces for dispersion of vehicular pollution.
Therefore, effect of stability class and mixing height is not significant in that zone or
near roadway receptors. Thus, it could be concluded that among meteorological
parameters, wind speed and wind direction have comparatively more influence on
model prediction capabilities followed by stability class and mixing height.
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Study of Air and Noise Pollution in Mega
Cities of India

Amrit Kumar, Pradeep Kumar, Rajeev Kumar Mishra
and Ankita Shukla

Abstract Public health studies are linked to both air and noise pollution in terms of
common adverse health effects attributed to severity of such pollution such as
increased blood pressure, heart diseases, and other respiratory ailments. In urban
areas of mega cities, air and noise pollution originating from different sources such
as traffic, industries and construction activities, etc., is on gradual and alarming
increase. In view of the same, objective of this study was to analyze the air and
noise pollution levels in three megacities of India, namely Delhi, Kolkata, and
Mumbai during 2006-2011 at different locations categorized as industrial, com-
mercial, and institutional areas. Following the analysis, the equivalent noise levels
(Leq) of all the cities were found to be slightly greater than permissible limits of
CPCB guidelines whereas the criteria pollutants SO,, PM;, and NOx showed a
positive relation between noise levels and air pollution. This statistical comparative
analysis as an important outcome will help understand the actual trend of air and
noise pollution during different years in various Indian mega cities and subsequent
mitigation measures.

Keywords Air pollution - Criteria pollutants - Mega cities
Noise pollution - Public health

Introduction

Air pollution in urban areas is contributed from various sources which can be
grouped into mobile, stationary, and open burning sources with examples being
vehicular pollution, industrial pollution, and domestic fuel (Zeinab and Mounir
2010). The single source for the most significant air pollutants such as sulfur
dioxide (SO,), nitrogen oxide (NOx), carbon monoxide (CO), volatile organic
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compounds (VOCs), and particulate matter (PM) is fossil fuels (Kumar et al. 2014).
Noise pollution is taken in other pollution categories due to its source and diffusion
characteristics. There has been an increase in noise from man-made sources for last
100 years, which is now doubling after every 10 years. World Health Organization
(WHO) analyzed the available air quality data from 1,100 cities across the world
and the position of Delhi was reported at the top of the list of 20 most air polluted
cities (WHO 2014).

Delhi being the capital of India, has grown across all sectors such as industry,
transport, and housing, and all of them have contributed to an increase in air
pollution (Narain and Bell 2006; Goswami and Baruah 2008; Firdaus and Ahmad
2011; Sahu et al. 2011; Guttikunda and Gurjar 2012; Guttikunda and Goel 2013).
According to Center for Science and Environment (CSE), the Central Pollution
Control Board (CPCB 2000, 2009) considers air to be “clean” if the levels are
below 50% of the prescribed standards for pollutants. Commonly found air pol-
lutants (also known as “criteria pollutants”) assuming the criteria pollutant to be
PM, during 2007, only 2% cities have low air pollution. At least one pollutant
exceeded the annual average from ambient air quality standards in about 80% of
cities (of a total of 127 cities/towns monitored under the National Air Quality
Monitoring Programme, NAMP). There are very few cities which can be referred to
be clean if the designated criteria pollutant is PM,o. However, the level of SO, has
reduced in many cities below the standards of CPCB but the NO, levels are
increasing in many cities.

Exposure on Health

Studies in India and in other countries have consistently demonstrated higher rates
of respiratory and cardiovascular disease in populations exposed to PM, NOx, and
Ozone pollution (Chhabra et al. 2001; Pande et al. 2002; Gupta et al. 2007;
Siddique et al. 2010; Balakrishnan et al. 2011; WHO 1999, 2014). According to
WHO (2014), high concentration of small particulates such as PM;, and PM, 5
causes increased mortality and morbidity as if the concentration of same is reduced
taking other parameters as they are the mortality will also go down. Human health
studies for long-term exposure of NO, show the symptoms of bronchitis in asth-
matic children increase while SO, causes irritation of the eyes and may affect the
respiratory system and the functions of the lungs. Exposure to road traffic noise and
air pollution has both been studied and associated with problem of stroke. Few
studies, including exposures to both gaseous pollutants show inconsistent results.
Fatal stroke was reported to be because of air pollution and not because of traffic
noise. Ischemic stroke was because of traffic noise only while only air pollution
caused risk of fatal strokes (Serensen et al. 2014).

Due to the rapid increase in industrialization, urbanization, and transport sys-
tems, noise pollution has increased to a disturbing level. The effect of noise pol-
lution is hearing defects, increased blood pressure, and sleeplessness, effect on work
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performance, etc. (Evans and Hygge 2000). Human health studies show that after
long-term exposure to noise with LAeq, 24-h values of 65-70 dB cardiovascular
effects occur (WHO). This is more associated with heart disease than that with
hypertension. Traffic emissions contribute to both air and noise pollution and
studies conducted to find effect of these pollutants due to traffic on blood pressure in
children fetched the result that air pollution was not related to blood pressure
problem, noise was independently and positively cause of blood pressure in chil-
dren (Liu et al. 2014).

In view of the above, present study was planned and undertaken so as to analyze
the air and noise pollution levels in three megacities of Delhi, viz., Delhi, Kolkata,
and Mumbai and find out the trend of change in annual concentration of such
pollutants over a period of 6 years. Further, such analysis of trends of gaseous,
particulate matters, and noise will help formulate more focused approach in
reducing the urban air pollution which has already assumed alarming levels.

Research Methodology

Population mostly lives in urban areas. Gurjar et al. (2016) estimated the megacities
in India (Delhi, Mumbai, and Kolkata) collectively have >46 million inhabitants.
Increasing population and prosperity results in rapid growth of the already large
consumption of energy and other resources, which contributes to air pollution,
among other problems. Megacity pollution outflow plumes contain high levels of
criteria pollutants. The study sites are megacities in India, namely, Delhi, Mumbiai,
and Kolkata as shown in Fig. 1. The present study is based on secondary data
which were collected from the Central Pollution Control Board (CPCB) and State
Pollution Control Boards (SPCBs) of corresponding states of Delhi, Maharashtra
and West Bengal. The data collected from the aforesaid sources are annual averages
of all monitoring stations in Delhi, Mumbai, and Kolkata either from CPCB or
SPCB of the respective city.

Results and Discussion

The annual trend of noise level, PM10, NO2 and SO2 has been presented in Figs. 2,
3, 4, and 5, respectively. The noise level in three megacities Delhi, Mumbai, and
Kolkata was found to be varying from 60-64, 67-75, and 64-72 dB, respectively,
during monitoring years 2006-2011 (CPCB 2009). The noise level was much
higher than the permissible limit of 55 dB(A) as prescribed by CPCB for residential
areas during day time. There is, however, no significant variation of noise was
found in these years. Mumbai has higher noise level as compared with Delhi and
Kolkata.
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Fig. 2 Annual variation of ambient noise levels (2006-2011) in Indian mega cities

During the years 2006-2011, the SO, level in Delhi, Mumbai, and Kolkata were
found varying from 5-10, 5-12, and 812 pg/m?, respectively. The SO, level was
found within permissible limit for all megacities in India and is not considered a
problem in India anymore. Its levels in most cities are already very low and
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Fig. 4 Annual variation of ambient NO, levels (2006-2011) in Indian mega cities

declining. A decreasing trend has been observed in sulfur dioxide levels in resi-
dential areas of Delhi and Mumbai from year 2006-2011 (Mishra et al. 2016;
Gurjar et al. 2016). The NO, level in Delhi, Mumbai, and Kolkata were reported
varying from 46-94, 1440, and 54-68 pg/m>, respectively, from year 2006-2011.
The NO, level exceeded the permissible limit for Delhi and Kolkata whereas it was
within permissible limit in Mumbai. The vehicles were found to be one of the major
sources of NO,. According to CPCB, various actions are taken to reduce NO, levels
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but the numbers of vehicle are increasing drastically thereby limiting the desired
outcome (Mishra et al. 2016).

The PM10 level in Delhi, Mumbai, and Kolkata were found to be varying from
201-276, 97230, and 85-225 pg/m>, respectively between monitoring years 2006
and 2011. The particulate matter concentration is also in excess of the permissible
limit as prescribed by CPCB and WHO which is 60 and 40 pug/m?, respectively for
annual average. Most Indian cities outdo limits of particulate matter defined by
CPCB. This may be because of increase in activities like refuse and biomass
burning, vehicles, power plant emissions, and industrial sources (Gurjar et al.
2010).

Conclusion

The study reports that the ambient air of Delhi city is more polluted as compared to
Mumbai and Kolkata. The annual average concentration of NO, is found more than
prescribed limit by CPCB in Delhi and Kolkata. On the other hand, the concen-
tration of SO, in all the megacities is reported to be within the permissible limit. All
the megacities in India showed very high concentration of particulate matter than
the standard prescribed by CPCB and WHO, while the noise pollution level of
Mumbai is higher than the noise pollution level in Delhi and Kolkata. The noise
pollution level is almost similar in all respective cities from 2006 to 2011. Noise
pollution is more than the permissible limit in all megacities of India. The noise
pollution also has the significant role in adversely affecting the environment.
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Therefore, it has become a matter of great concern to improve the air quality for
developing and maintaining a cleaner and healthier environment.
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Part 11
Pollution Indicators



A Ciritical Review on Air Quality Index

Shweta Kumari and Manish Kumar Jain

Abstract Air quality index (AQI) is used worldwide to inform the public about
levels of air pollution (degradation or improvement) and associated to different
biological effects. Different types of anthropogenic activity mainly transportation
have an enormous impact on the ambient air quality in several ways. The trans-
portation dependence continues to grow; it is adversely affecting the quality of
human life. Due to pollution, the ambient air quality in major cities (Delhi, Agra,
Kanpur, Lucknow, Varanasi, Faridabad, Ahmedabad, Chennai, Bangalore and
Hyderabad) in India is very poor. According to WHO surveys, India is one of the
most polluted countries in the world. Concentrations of air pollutants affect Air
Quality Index. Air Quality scenario in most of the Indian cities presents a harsh
picture, the majority of national monitoring stations have recorded particulate
concentrations exceeding the WHO recommended guideline. The higher the AQI
value, the greater the level of air pollution and greater the health concern. This
review paper is helpful to understand the development of Air quality Index in India
with the experience of the world.

Keywords Ambient air quality - Air quality index « Air pollution
Transportation - Health effect

Introduction

Unpolluted air can be considered a basic requirement of human health and
well-being. Today, air pollution is a well-known environmental problem associated
with urban areas around the world (Beig 2010). Urban air pollution is the largest
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contributor to the regional burden of disease. There are a profound relation between
human health and well-being from the one side and air pollution levels from another
side. The high concentration of air pollutants can be life threatening causing
breathing problems, headache, and dizziness; sometimes they even result in heart
attacks (CPCB 2014).

Awareness of pollution levels is important not only to those who suffer from
illnesses aggravated by air pollution but also to members of the general public, who,
if conscious of daily variations in air pollution levels, may choose to alter their
activities accordingly. In order to oppose air pollution problems and to plan
abatement strategies, both the scientific community and the relevant authorities
have focused on monitoring and analysing the atmospheric pollutants concentra-
tion. Various monitoring programmes have been undertaken to know the quality of
air by generating the vast amount of data on the concentration of each air pollutant
(e.g. SPM, CO, NOy, SO,, etc.) in different parts of the world (Pandey et al. 2014).
The large data often do not convey the air quality status to the scientific community,
government officials, policymakers and in particular to the general public in a
simple and straightforward manner. So, in recent years air quality index (AQI) has
become an adequate tool to understand pollution levels of an area and is of utmost
importance for local and central governments (Ott and Thorn 1976). AQIs are
synthetic indices summarizing multiple and multiscale measurements in a unique
indicator, being air quality monitored with respect to many stations and different
pollutants and inform the citizens about the levels of pollution in an adequate and
understandable way and also to be used by the relevant authorities to take a series of
predetermined measures to protect the health of the population (Air Quality Index
2003).

Objective

The main objective of the present study is to review for the daily Air Quality Index,
which can provide the timely information to the public to take precautionary
measures to protect their health (Kyrkilis et al. 2007)

Air Quality Index (AQI)

Air quality index (AQI) is an integral part of the environmental quality index (EQI),
which was developed and used by National Wildlife Federation of U.S. in the late
1960s (Inhaber 1976). In 1971 the EQI, with a numerical index scale from 0 to 100
(0 for complete environmental degradation and 100 for perfect environmental
conditions). In 1976, the USEPA established PSI which rated air quality from O to
500. The daily PSI is determined by the highest value of one of the five main air
pollutants: carbon monoxide (CO), nitrogen dioxide (NO,), ozone (O3), particulate
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matter (PM10 and PM2.5) and sulphur dioxide (SO,) (EPA 1999). Lohani (1984)
applied factor analysis approach for finding the environmental index for Taiwan
(Kumar and Goyal 2011).

Definition

An “air pollution index” may be defined as a scheme that transforms the (weighted)
values of individual air pollution related parameters (for example, carbon monoxide
concentration or visibility) into a single number, or set of numbers. In other words,
an index is an equation which combines many pollutants in some mathematical
expression to arrive at a single number for air quality (Bishoi et al. 2009).
According to EPA Air Quality Index is defined as “the AQI is an index for
reporting daily air quality. It tells how clean or polluted ambient air is, and what
associated health effects might be a concern for you. The AQI focuses on health
effects one may experience within a few hours or days after breathing polluted air”
(Air Quality Index 2003) (Table 1).

Classification of Indices

There have been several Air Quality Indices proposed in the past. These indices are
described in the following subsections.

Table 1 Pollutant concentration for each AQI category according to EPA

Category Good Moderate | Unhealthy for | Unhealthy | Very Hazardous | Severe
sensitive unhealthy
groups
Index value | 0-50 51-100 101-150 151-200 201-300 | 301-400 401-500
Pollutant Conc. - - - - -
range
CO8h 0.0-4.5 4.5-9 9-12 12-15 15-30 3040 40-50
(ppm)
NO, - - - - - 1.2-1.6 1.6-2.0
05 daily - - - - 0.20-0.40 | 0.40-0.50 | 0.50-0.60
max (ppm)
0O;8h 0.00-0.06 | 0.06-0.08 | 0.08-0.10 0.10-0.12 |0.12-0.37 |- -
PM 10 daily | 0-50 50-150 150-250 250-350 350-420 | 420-500 500-600
mean (ppm)
SO, 0.0-0.03 | 0.03-0.14 | 0.14-0.22 0.22-0.3 0.3-0.6 0.6-0.8 0.8-1.0
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US EPA Air Quality Index

Initially, the US EPA produced an Air Quality Index known as the Pollutant
Standards Index (PSI) to measure pollutant concentrations for five criteria pollu-
tants (particulate matter, sulphur dioxide, carbon monoxide, nitrogen dioxide and
ground-level ozone). The measurements were converted to a scale of 0-500. An
index value of 100 was ascribed to the numerical level of the short-term (i.e.
averaging time of 24 h or less) primary NAAQS and a level of 500 to the significant
harm levels (SHLs). An index value of 50, which is half the value of the short-term
standard, was assigned to the annual standard or a concentration. Other index values
were described as follows: 0-100, good; 101-200, unhealthy; greater than 200,
very unhealthy. Use of the index was mandated in all metropolitan areas with a
population in excess of 250,000. The EPA advocated calculation of the index value
on a daily basis for each of the four criteria pollutants and the reporting of the
highest value and identification of the pollutant responsible. Where two or more
pollutants exceeded the level of 100, although the PSI value released was the one
pertaining to the pollutant with the highest level, information on the other pollutants
was also released. Levels above 100 could be associated with progressive pre-
ventive action by state or local officials involving issuance of health advisories for
citizens or susceptible groups to limit their activities and for industries to cut back
on emissions. At a PSI level of 400, the EPA deemed that “emergency” conditions
would exist and that this would require cessation of most industrial and commercial
activity. In July 1999, EPA issued its new “air quality index” (AQI) replacing the
PSI. The principal differences between the two indices are that the new AQI does
the following:

1. Incorporates revisions to the primary health-based national ambient air quality
standards for ground-level ozone and particulate matter, issued by the EPA in
1977, incorporating separate values for particulate matter of 2.5 and 10.0 pg
(PM2.5 and PM10), respectively.

2. Includes a new category in the index described as “unhealthy for sensitive
groups” (index value of 101-150) and the addition of an optional cautionary
statement, which can be used at the upper bounds of the “moderate” range of the
8-h ozone standard.

3. Incorporates colour symbols to represent different ranges of AQI values
(“scaled” in the manner of colour topographical maps from green to maroon)
that must be used if the index is reported in a colour format.

4. Includes mandatory requirements for the authorities to supply information to the
public on the health effects that may be encountered at the various levels,
including a requirement to report a pollutant-specific sensitive group statement
when the index is above 100.

5. Mandates that the AQI shall be routinely collected and that state and local
authorities shall be required to report it, for all metropolitan areas with more
than 350,000 people (previously the threshold was urban areas with populations
of more than 200,000).
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6. Incorporates a new matrix of index values and cautionary statements for each
pollutant.

7. Calculates the AQI using a method similar to that of the PSI—using concen-
tration data obtained daily from “population-oriented State/Local Air
Monitoring Stations (SLAMS)” for all pollutants except particulate matter
(PM) (Ott and Thorn 1976).

The Mitre Air Quality Index (MAQI)

The Mitre air quality index (MAQI) was based on the 1970 Secondary Federal
National Ambient Air Quality Standards. The index is the root sum square
(RSS) value of individual pollutant indices, each based on one of the secondary air
quality standard (Ott and Thorn 1976). This index is computed as follows:

MAQI = [+ 2+ 1+ 13+ %0 (1)
where I is an index of pollution for sulphur dioxide, I. is an index of pollution for
carbon monoxide, Ip is an index of pollution for total suspended particulates, In is
an index of pollution for nitrogen dioxide and I, is an index of pollution for

photochemical oxidants.

Sulphur Dioxide Index (Is): The sulphur dioxide index is the RSS value of indi-
vidual terms corresponding to each of the secondary standards. The RSS value is
used to ensure that the index value will be greater than 1 if one of the standard
values is exceeded. The index is defined as

Iy = [(Cua/Sw)” + Ki(Cas/Si2a) + KX(Cia/Si2)? 2)

where Cy, is the annual arithmetic mean observed concentration of sulphur dioxide,
S is the annual secondary standard value (i.e., 0.02 ppm or 60 pg/m’) consistent
with the unit of measure of Cg,, C»4 is the maximum observed 24-h concentration
of sulphur dioxide, S,»4 is the 24-h secondary standard value (i.e., 0.1 ppm or
260 ug/m3) consistent with the unit of measure of Cyy, Cg is the maximum
observed 3-h concentration of sulphur dioxide, Sz is the 3-h secondary standard
value (i.e., 0.5 ppm or 1300 pg/m’) consistent with the unit of measure of Cy3, K is
1if Cyq > Si4 and is 0 otherwise and K, is 1 if C;3 > Sz and is O otherwise.

Carbon Monoxide Index (I.): The carbon monoxide index component of the
MAQI is computed in a fashion similar to the sulphur dioxide index:

I = [(Ca /S + K(Ca /5] ()
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where C.g is the maximum observed 8-h concentration of carbon monoxide, S.g is
the 8-h secondary standard value (i.e. 9 ppm or 10,000 pg/m>) consistent with the
unit of measure of C.g, C.; is the maximum observed 1-h concentration of carbon
monoxide, S.; is the 1-h secondary standard value (i.e. 35 ppm or 40,000 ug/m3)
consistent with the unit of measure of C.;, and K is 1 if C.,; > S, and is 0
otherwise.

Total Suspended Particulates Index (Ip): Total suspended particulate concentra-
tions are always measured in micrograms per cubic metre. The index of total
suspended particulates is computed as

I, = {(Cpa/spa)z + K(Cp24/SP24)2} " (4)

where Cp, is the annual geometric mean observed concentration of total suspended
particulate matter. The geometric mean is defined as

1/n

g§= (4a)

n
[]x
i=1

Because of the nature of a geometric mean, a single 24-h reading of 0 would
result in an annual geometric mean of 0. The EPA recommends that one-half of the
measurement method’s minimum detectable value be substituted (in this case,
0.5 pg/m®) when a “zero” value occurs. The Spa is the annual secondary standard
value (i.e., 60 ug/m3), Cpo4 is the maximum observed 24-h concentration of total
suspended particulate matter, S,,4 is the 24-h secondary standard value (i.e.,
150 pg/m3) and Kis 1 if C,p4 > Sp04 and is O otherwise. Nitrogen Dioxide Index
(In): The index of nitrogen dioxide does not require the RSS technique because
only a single annual federal standard has been promulgated. The index is

In = Cna/Sna (5)

where C,,, is the annual arithmetic mean observed in the concentration of nitrogen
dioxide and S,, is the annual secondary standard value (i.e., 0.05 ppm or
100 ug/mS) consistent with the unit of measure of C,,.

Photochemical Oxidants Index (I,): The index is computed in a manner similar to
the nitrogen dioxide index. A single standard value is used as the basis of the index,
which is

I, = [Co1/So1] (6)

where Cy, is the maximum observed the 1-h concentration of photochemical oxi-
dants and Sy, is the 1-h secondary standard value (i.e., 0.08 ppm or 160 pg/m®)
consistent with the unit of measure of Cy.



A Critical Review on Air Quality Index 93
Application of the MAQI

An MAAQI value of less than 1 indicates that all standards are being met for those
pollutants in the MAQI computations. Because nine standards for five pollutants are
involved in computing MAQI, any MAQI value greater than 3 guarantees that at
least one standard value has been exceeded. If the MAQI values to be estimated by
Eq. (1) are based on only five standards for three pollutants, then, for these figures,
any MAQI value greater than 2.24 guarantees that at least one standard has been
exceeded (Wang et al. 2005).

Extreme Value Index (EVI)

The extreme value index (EVI) was developed by Mitre Corporation for use in
conjunction with the MAQI values. It is an accumulation of the ratio of the extreme
values for each pollutant. The EVIs for individual pollutants are combined using the
RSS method. Only those pollutants are included for which secondary “maximum
values not to be exceeded more than once per year” are defined. The EVI is given
by

EVI = [El + E} + E. + E}*” (7)

where E, is an extreme value index for carbon monoxide, E, is an extreme value
index for sulphur dioxide, E, is an extreme value index for total suspended par-
ticulates and E, is an extreme value index for photochemical oxidants.

Carbon Monoxide Extreme Value Index (E.): The carbon monoxide extreme
value is the RSS of the accumulated extreme values divided by the secondary
standard values. The index is defined as

E. = [(Asg/Ses)” + (At /Se))]"? (8)

where A.g is the accumulation of values of those observed 8-h concentrations that
exceed the secondary standard and is expressed mathematically as

Ag = ZK,»(ch)i (8a)

where K;is 1 if (Cg) i > S.g and is 0 otherwise, S g is the 8-h secondary standard
value (i.e., 9 ppm or 10,000 ug/m3 ) consistent with the unit of measure of the (C_g);
values, A.; is the accumulation of values of those observed 1-h concentrations that

exceed the secondary standard and is expressed mathematically as
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Aa =Y Ki(Car); (8b)

where K; is 1 if (C.q); > S¢; and is O otherwise, and S, is 1-h secondary standard

value (i.e. 35 ppm or 40,000 pg/m’) consistent with the unit of measure of the
(C.y); values.

Sulphur Dioxide Extreme Value Index (E): The sulphur dioxide extreme value is
computed in the same manner as the carbon monoxide EVI. This index also
includes two terms, one for each of the secondary standards, which are maximum
values, and to be expected more than once per year. It should be noted that no term
is included for the annual standard. The index is computed as

ES:|:(A524/ Sws)® + Ag/ Ss)’ ” )

where Ay, is the accumulation of those observed 24-h concentrations that exceed
the secondary standard and is expressed mathematically as

Aps = ZKi(CxM),' (9a)

where K; is 1 if (Cy4); > Si4 and is O otherwise, Sy»4 is the 24-h secondary
standard value (i.e., 0.1 ppm or 260 mg/m?) consistent with the unit of measure of
the (Cso4); values, Ay is the accumulation of values of those observed 3-h con-
centration that exceed the secondary standard and is expressed mathematically as

Ag = Zi Ki(CS)i <9b>

where K; is 1 if (Cg); > Sz and is O otherwise, and Sy; is the 3-h secondary
standard value (i.e., 0.1 ppm or 260 pg/m’) consistent with the unit of measure of
the (Cy3)I values.

Total Suspended Particulates Extreme Value Index (E,): A secondary standard
single maximum value not to be exceeded more than once per year is defined for
total suspended particulates. The total suspended particulates EVI has only one
term; no annual term is included. This index is computed as

E, = Apoa/Spoa (10)

where A4 is the accumulation of those observed 24-h concentrations that exceed
the secondary standard and is expressed mathematically as

Apry = ZKi(CP24)i (10b)

where K; is 1 if (Cpp4) > Spo4 and is O otherwise, and S,,54 is the 24-h secondary
standard value (i.e., 150 pg/m’).
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Photochemical Oxidants Extreme Value Index (E,): The index, like the total
suspended particulates index, consists of a single term. The index is calculated as

E,=A,1/Sn (11)

where A, is the accumulation of those observed 1-h concentrations that exceed the
secondary standard and is expressed mathematically as

Aol = ZKi(Col)i (lla)

where K; is 1 if (C,;); > S, and is O otherwise, and So 1 is the 1-h secondary
standard value (i.e., 0.08 ppm or 160 pg/m>) consistent with the unit of measure of
the (C,); values.

Application of the EVI

The number or percentage of extreme values provides a meaningful measure of the
ambient air quality because extreme high air pollution values are mostly related to
personal comfort and well-being and affect plants, animals and property. The EVI
and its component indices always indicate that all standards are not being attained if
the index values are greater than 0. The index value will always be at least 1 if any
standards based on a “maximum value not to be exceeded more than once per year”
is surpassed. It should be noted that the index truly depicts the ambient air quality
only if observations are made for all periods of interest (i.e. 1-h, 3-h, 8-h, and 24-h)
during the year for which secondary standards are defined. Trend analyses using
EVI values based on differing numbers of observations may be inadequate and even
misleading.

Oak Ridge Air Quality Index (ORAQI)

The Oak Ridge Air Quality Index (ORAQI), which was designed for use with all
major pollutants recognized by the EPA, was based on the following formula:

3
ORAQI = [COEF Z ((Concentration of Pollutanti)/(EPA Standard for pollutanti))]**®
i=1

(12)

COEF equals 39.02 when n = 3, and equals 23.4 when n = 5. The concentration
of the pollutants was based on the annual mean as measured by the EPA National
Air Sampling Network (NASN). These are the same data on which the MAQI was
based. The EPA standards used in the calculation were the EPA secondary
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standards normalized to a 24-h average basis. For SO,, the standard used was
0.10 ppm; for NO,, it was 0.20 ppm; and for particulates, it was 150-160 pg/m’.

Application of the ORAQI

The coefficient and exponent values in the ORAQI formula mathematically adjust
the ORAQI value so that a value of 10 describes the condition of naturally
occurring unpolluted air. A value of 100 is the equivalent of all pollutant con-
centrations reaching the federally established standards.

Air Quality Depreciation Index

The air quality depreciation index, as proposed here, attempts to measure deterio-
ration in air quality on an arbitrary scale that ranges between 0 and —10. An index
value of ‘0’ represents most desirable air quality having no depreciation from the
best possible air quality with respect to the pollutants under consideration, while an
index value of —10 represents maximum depreciation or worst air quality. Index
value differing from O towards 10 represents successive depreciation in air quality
from the most desirable.
The air quality depreciation index is defined as:

n

AQuep = Y (AQ; x CW;) = ) " CW; (13)
i=1

i=1

where AQ; = Air Quality Index value for ith parameter, CW; = Composite weight
for ith parameter, n = Total no. of pollutants considered.

The values of the AQ; were obtained from the value function curves. In the value
function curves, the value of O signifies worst air quality and value of 1 represents
the best air quality for corresponding pollutant concentration.

Value of CW; in Eq. (13) is computed using the following expression:

TW;

Zi:l TW; - ( )

where

TW; Total weight of ith parameter AWi + BPIW,; + HW;

AW; Aesthetic weight for ith parameter

BPIW; Bio-physical impact weight for ith parameter
HW; Health weight for ith parameter
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Air Quality Index Worldwide

Air Quality Index China

China has been monitoring the ambient atmosphere since the 1980s. Beginning in
1998, the Chinese government began to report the weekly air pollution index
(API) by considering the total suspended particle (TSP), nitrogen oxide and sulphur
dioxide concentration. Beginning in June 2000, major cities in China began to
report daily API with daily measurements of PM10, nitrogen dioxide, and sulphur
dioxide under the request of former State Environmental Protection Agency of
China (now the Ministry of Environmental Protection of China) (Wang et al. 2013).
A national ambient air quality standard of China was released in 1996
(NAAQS-1996) to define API calculation. The API (Air Pollution Index) is an
index that indicates the pollution level of the atmosphere, ranging from 0 to 500.
The higher the API value, the heavier the atmospheric pollution. According to
NAAQS-1996, PM10, sulphur dioxide (SO,) and nitrogen dioxide (NO,) were
included in the calculation of the API. The first step in calculating the API is to
calculate the IAPI (Individual Air Pollution Index) for each pollutant. The IAPI of
each pollutant mentioned above is calculated as follows:

IAPIy; — IAPL,

IAPI, =
BPy; — BP,

(Cp — BPy,) +1API,, (15)

where IAPIp is the individual air pollution index for pollutant P (PM10, sulphur
dioxide, and nitrogen dioxide) and Cp is daily mean concentration of pollutant
P. BPy; and BPy, are the nearby high and low values of CP. IAPIy; and IAPI, , are
the individual air pollution indexes in terms of BPy; and BPy . After the calculation
of each TAPIp, the API is then calculated by choosing the max IAPIp as follows:

API = max(IAPL,; .. ;IAPI,) (16)

This equation suggests that the API is not the sum contribution of all of the air
pollutants but rather the maximum value of the IAPI. The air pollutant with a
maximum IAPI when the API is larger than 50 is designated as the primary pol-
lutant. according to NAAQS-2012, 6 pollutants (PM2.5, PM10, Ozone, SO,, NO,
and CO) with 7 indexes (daily average PM2.5 concentration, daily average PM10
concentration, daily maximum 1-h Ozone concentration, maximum 8-h Ozone
concentration, daily average SO, concentration, daily average NO, concentration
and daily average CO concentration) are included in the new standard. The cal-
culation of AQI replacing API is similar to that of API except that there are 7
individual AQI for each pollutant as follows:
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TAQIy; — TIAQI,

TAQI =
Q BPy; — BPy,

(Cp — BPy,) +TAQIL, (17)

where IAQIy; and IAQ I, are the individual air pollution indices in terms of BPy;
and BPp,, respectively.

The daily API or AQI not exceeding 100 is considered to represent an attainment
day. The number of attainment days in a year or the attainment rate is a key index to
evaluate the air quality of a city. The attainment rate is the rate during the moni-
toring days when the API or AQI does not exceed 100 as follows (Tables 2, 3, 4
and 5).

Table 2 Concentration limits for AQI calculation

TIAQI |PM 10 SO, PM 2.5 NO, 1 h peak O3 |8 h peak O3 |CO
(ng/m’) | (ug/m’) |(ug/m’) | (ug/m’) | (ug/m®) (ng/m’) (mg/m”*)

50 | 50 50 35 40 160 100 2

100 | 150 150 75 80 200 160 4
150 | 250 475|115 180 300 215 14
200|350 800 | 150 280 400 265 24
300|420 1600|250 565 800 800 36
400 | 500 2100|350 750 1000 - 48
500 | 600 620 | 500 940 1200 - 60

Source Chen et al. (2016)

*When 1 h average concentration of Oj is higher than 800 pg/m?, the 1 h average concentration of
O; is used to calculate individual AQI or O3 here

Attainment Rate = Sum of Attainment Days/Sum of Total Monitoring Day

Table 3 Each pollutants rate as the primary pollutant for all 190 cities with AQI data

Area PM 2.5 PM 10 O3 SO, NO, CO
National average 59.16 38.86 0.49 0 1.48 0.01
North China 60.36 37.27 0.20 0 0.28 0.01
South China 63.81 35.15 0.74 0 0.28 0.01
North-east China 52.64 41.26 0.03 0 6.04 0.03
North-west China 36.64 60.36 0.23 0 2.71 0

Source Chen et al. (2016); On the basis of above data
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Table 4 10 cities with worst air quality
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S. No. City Average AQI Part of China

1 Xingtai 245 Hebei Province, North China

2 Shijiazhuang 229 Hebei Province, North China

3 Baoding 206 Hebei Province, North China

4 Korla 191 Xingjiang Province, North-west China
5 Handan 189 Hebei Province, North China

6 Hengshui 181 Hebei Province, North China

7 Yichang 172 Hubei Province, South China

8 Heze 167 Shandong Province, North China
9 Dezhou 165 Shandong Province, North China
10 Langfang 163 Hebei Province, North China

Source Chen et al. (2016)

Table 5 10 cities with best air quality

S. No. City Average AQI Location

1 Sanya 41 Hainan Province, South China

2 Zhanjiang 50 Guangdong Province, South China
3 Zhoushan 52 Zhejing Province, South China

4 Shenzhen 59 Guangdong Province, South China
5 Lasa 60 Tibet, North-west China

6 Xiamen 61 Fujian Province, South China

7 Zhuhai 61 Guangdong Province, South China
8 Shanwei 63 Guangdong Province, South China
9 Yunfu 63 Guangdong Province, South China
10 Fuzhou 64 Fujian Province, South China

Source Chen et al. (2016)

Air Quality Index United States

Air quality index (AQI) is built adapting the Pollutants Standard Index developed
by the United States Environmental Protection Agency, 1994. AQI is calculated for

each pollutant as:

I; =% 100 (18)

where i, is the pollutant; C; is the hourly concentration for nitrogen dioxide, carbon
monoxide and ozone, while it is the 24-h carried mobile average for sulphur dioxide
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and particulate matter; S; is the value for the attention state. The index ‘I’ is equal to
100 when the concentration measured or the mobile mean over 24 h is equal to the
attention state; an index lower than 100 means that the pollutant has a value lower
than the attention state. After the different indexes, /; have been calculated for every
pollutant, we select the maximum index I between different indexes:

I max; Ii

In this way, a characterization of the pollution level apart from the pollutant taken
into account is obtained (Wang et al. 2005).

Air Quality Index India
NAAQS Dependent Air Quality Index

In this method, equal importance was given to all the pollutants. Using observed
and standards value, the quality rating for each pollutant was calculated. The
geometric mean of these quality ratings gives the Air Quality Index. Based on this
assumption, the Air Quality Index was derived in the manner outlined as under. The
existing concentrations of pollutants were compared with ambient air quality
standards (with the standard being assumed as reference baseline for each pollutant)
and accordingly the quality rating for a particular pollutant was derived as shown
below:

Qi = 10(Ci/S)) (19)

where

Q; Quality rating for a ith pollutant
C; Concentration of ith pollutant
S; Air quality standard for ith pollutant

Air Quality Index (AQI) = (Q; X Oy X -+ X Qn)l/n (20)

where
n  Number of pollutants considered.

Following the above criteria, air quality index (AQI) is calculated for all the
monitoring stations. Given below (Table 6) is the Air Quality Index of some Indian
cities as recorded by World Health Organization.
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Table 6 Indian cities and their AQI

S. No. |City PM 10 PM 2.5 AQI
(annual mean, pg/m®) | (annual mean, pg/m>)

1 Agra 196 105 Extremely high
2 Ahmedabad 83 100 High
3 Allahabad 317 170 Extremely high
4 Amritsar 202 108 Extremely high
5 Bangalore 118 63 Very high
6 Bhopal 173 93 Extremely high
7 Bhubaneswar 81 43 High
8 Chennai 57 44 High
9 Dehradun 188 100 Extremely high
10 Delhi 29 122 Extremely high
11 Dhanbad 178 95 Extremely high
12 Guwabhati 92 49 High
13 Gwalior 329 176 Extremely high
14 Hyderabad 79 59 High
15 Indore 143 76 Very high
16 Jaipur 187 100 Extremely high
17 Jalandhar 140 75 Very high
18 Jammu 119 64 Very high
19 Jodhpur 189 101 Extremely high
20 Kanpur 215 115 Extremely high
21 Kolkata 135 61 Extremely high
22 Lucknow 211 113 Extremely high
23 Mumbai 117 63 Very high
24 Nagpur 103 55 Very high
25 Noida 136 73 Very High
26 Patna 167 149 Extremely high
27 Pune 92 49 High

Source WHO

Conclusion

The concept of AQI in India is examined and found easy to understand. An AQI
system based on maximum operator function (selecting the maximum of
sub-indices of various pollutants as overall AQI) is adopted. Ideally, eight
parameters (PM10, PM2.5, NO,, SO,, CO, O3, NH;, and Pb) having short-term
standards should be considered for near real-time dissemination of AQI. It is rec-
ognized that air concentrations of Pb are not known in real time and cannot con-
tribute to AQI. However, its consideration in AQI calculation of past days will help
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in examining the status of this important toxic. The proposed index has six cate-
gories and the colour schemes as shown below.

Satisfactory Moderately polluted Poor Very poor Severe
(51-100) (101-200) (201-300) (GO EEGY) > 401)

A scientific basis, for severe >401, in terms of attainment of air quality standards
and dose-response relationships of various parameters have been derived and used
in arriving at breakpoint concentrations for each AQI category. It is proposed that
for continuous air quality stations, AQI is reported in near real time for as many
parameters as possible.
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Aquatic Insects as Pollution Indicator—A
Study in Cachar, Assam, Northeast India

Arpita Dalal and Susmita Gupta

Abstract A seasonal study on water and aquatic insects of one oxbow lake
(Satkorakandi anua) and one floodplain lake (Magura haor) of Cachar, Assam was
conducted. Environmental variables of water, diversity, and density of aquatic
insects were estimated by standard methods. In the oxbow lake, dissolved oxygen
values were found to be lower than that of the floodplain lake. The pH of water was
found below the acceptable limit of BIS in post-monsoon in oxbow lake, and in
most of the seasons in floodplain lake. Other variables were within the permissible
limit. The Biological Monitoring Working Party (BMWP) and BMWP 4! scores
computed on the basis of tolerance level of the aquatic insects to organic pollution
revealed poor water condition in all the sites and seasons in anua while in haor
water condition was found moderate in some seasons of the year. Different biotic
indices, correlation coefficients, canonical correspondence analysis were computed
and the role of aquatic insects as pollution indicator has been discussed in the paper.

Keywords Aquatic insects « Anua - Haor - Biotic score - CCA

Introduction

Freshwater ecosystems are most endangered ecosystems of the world (Dudgeon
1999) and declines in biodiversity are far greater in freshwater than any other
ecosystem of the world (Sala et al. 2000). Aquatic insects are important in fresh-
water systems as they support the terrestrial lives through aquatic maintenance of
food chains and also serve as indicators of water quality due to their varying
tolerance limits to organic and inorganic substances (Bass 1994; Mason 2002). Use
of insects and/or their differential responses to stimuli in their aquatic habitat to
determine the quality of that environment is known as Biomonitoring (Arimoro and
Ikomi 2008; Merritt et al. 2008).

A. Dalal - S. Gupta (I)
Department of Ecology and Environmental Science, Assam University, Silchar 788011, India
e-mail: susmita.au@gmail.com

© Springer Nature Singapore Pte Ltd. 2018 103
V.P. Singh et al. (eds.), Environmental Pollution, Water Science
and Technology Library 77, https://doi.org/10.1007/978-981-10-5792-2_9



104 A. Dalal and S. Gupta

The district Cachar is rich in wetlands particularly in floodplain lakes and oxbow
lakes formed by River Barak, the major river of south Assam. Floodplain lakes are
floodplains of river which help in drainage and flood control. Oxbow lakes are river
formed perennial U-shaped wetlands which are generally formed due to change in
river course. In spite of the presence of diverse types of wetlands in south Assam,
only a few studies on aquatic insect diversity of oxbow and floodplain lakes were
carried out (Purkayastha and Gupta 2012; Gupta and Narzary 2013). Present study
focused on the comparison of the health of two different ecosystems using aquatic
insects, popularly used in biomonitoring. The study also aimed to confirm the role
of aquatic insects as bioindicator.

Materials and Methods

Study Area

Figure 1 shows the study sites. For this study, one oxbow lake (Satkorakandi anua—
591,012.65 m?) locally termed as ‘anua’ and one floodplain lake (Magura haor—
187,146 m2) locally termed as ‘haor’ were selected. Both the lakes are located in
Cachar district of Assam, India. This anua is a meander of the River Barak whereas the
haor is the floodplain lake of the River Rukni, one of the tributaries of the River Barak
(Dalal and Gupta 2015). Both anua and haor are surrounded by human habitation and
agricultural fields. The selected sites were Satl (N 24°45.292' E 092°52.474") and
Sat2 (N 24°45.170" E092°52.695") from Satkorakandi anua. The anua is located near
amosque. Sites selected from Magura haor were Haor1 (N 24°36.836' E092°51.887")
and Haor2 (N 24°36.910" E 092°51.924"). These sites are mainly used for fishing.
Seasonal collections (post-monsoon, winter, pre-monsoon, and monsoon) of water
and aquatic insects were done from all these sites during 2013-14.

Methods of Collection and Analyses

The samples were collected in thoroughly cleaned PVC bottles and BOD bottles
(for estimating DO) to the brim, without leaving any space in order to prevent the
premature release of dissolved gases during the transit period. Environmental
variables like air temperature (AT), water temperature (WT), rainfall (RF), trans-
parency (TR), depth, pH, electrical conductivity (EC), total dissolved solid (TDS),
dissolved oxygen (DO), free carbon dioxide (FCO,), total alkalinity (TA), sodium
(Na), potassium (K), nitrate (NO53 ), and phosphate (PO437) were estimated. Air
and water temperature were measured with the help of a mercury bulb thermometer
(0-110 °C). RF data were collected from Meteorological Observatory, Cachar
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Satkorakandi anuo

Magura hoor

CACHAR

Fig. 1 Map of Cachar district, Assam (India) showing the location of Magura haor and
Satkorakandi anua

College, Silchar, Assam. The pH and EC were measured by pH meter (Systronics u
pH System 361) and conductivity meter (Systronics TDS Meter 308), respectively.
TR was estimated by taking the measurement of appearance and disappearance of
Secchi’s disk (Michael 1984). DO was estimated by Winkler method while TA and
FCO, contents were analyzed by titrating with strong acid and alkali, respectively
(Ramesh and Anbu 1996; APHA 2005). NO3~ was estimated by using UV spec-
trophotometer and PO,>~ was estimated using light spectrophotometer (APHA
2005). Sodium and potassium were estimated using flame photometer and depth
was measured following standard literature (APHA 2005).

Aquatic insects were collected from different sites by kick method whereby the
vegetation is disturbed and a circular net (mesh size 60 um) is dragged around the
vegetation for a unit of time (Macan and Maudsley 1968; Brittain 1974). Three such
drags constituted a sample. Collected insects were immediately sorted and preserved
in 70% ethyl alcohol. They were identified using Motic and Magnus stereozoom
microscopes and with the help of standard keys (Kumar 1973a, b; Bal and Basu
1994a, b; Westfall and Tennessen 1996; Cheng et al. 2001; Bal and Basu 2004;
Epler 2006, 2010; Madden 2010). Statistical analyses of data were done using
different softwares like Past, IBM SPSS STATISTICS version 21, CANOCO for
windows 4.5. Biomonitoring scores used were SIGNAL 2 (Chessman 2003),
BMWP and ASPT (Mandaville 2002), BMWP™A! and ASPT™A! (Mustow 2002).
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Results and Discussion

Physicochemical Parameters

Tables 1 and 2 show the seasonal variations of physicochemical properties of water
for both the lakes. In the oxbow lake, DO values in Satl (post-monsoon, winter and
monsoon) and Sat2 (post- and pre-monsoon) were recorded below 5 which is the
acceptable limit of DO (Stiff et al. 1992). In contrast in both the sites of haor
(floodplain lake) in all the seasons, DO values were above 4 except in Haor2 in
monsoon. FCO, of all the sites in all the seasons except Haorl in post-monsoon
were recorded beyond 6 (acceptable limit as per BIS 2012). Low photosynthesis
and high respiration rate of the aquatic biota might be one of the reasons for low
DO and high FCO, in the oxbow lake. Das and Chakrabarty (2008) also recorded
DO below 4 in Hansadanga beel (oxbow lake), West Bengal. A classical negative
correlation between FCO, and DO (Wetzel 1984) was found in haor where RF was
found significantly negatively correlated with DO and positively correlated with
FCO, indicating organic pollution induced by anthropogenic input by surface
runoff (Table 3). Previous study at one oxbow lake in Cachar district also recorded
positive correlation of RF with FCO, (Gupta and Devi 2014). TA values, NO;  and
PO,>” concentration in water were within the permissible limit in all the sites in all
the seasons (WHO 2006; BIS 2012). This agreed with the findings of previous
studies in lentic systems of Cachar district, Assam (Purkayastha and Gupta 2012;
Gupta and Narzary 2013; Barman et al. 2014; Dalal and Gupta 2014). pH of Haorl,
Haor2, and Sat2 (post-monsoon, pre-monsoon, and monsoon) and Satl
(post-monsoon and monsoon) were recorded below the acceptable limit (6.5), i.e.,
they were slightly acidic in nature while rest of the physicochemical variables of
water in all the sites and in all the seasons were within the permissible limit (WHO
2006; BIS 2012).

Aquatic Insects

A total of 6 orders, 22 families, 43 genera, and 53 species were recorded from the
floodplain lake, Magura haor whereas from the oxbow lake, Satkorakandi anua 5
orders, 15 families, 27 genera, and 32 species were recorded. Highest number of
orders was recorded from Haorl, Haor2 during post-monsoon and pre-monsoon,
respectively, and Sat2 during post-monsoon and winter whereas lowest number of
orders was recorded from Satl (monsoon). Highest number of families was
recorded from Haorl (pre-monsoon) and lowest from Satl (winter and monsoon).
Haor2 (pre-monsoon) had the highest number of genera and species whereas Satl
(monsoon) had the lowest number (Fig. 2). In both the systems, 14 species were
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Table 3 Pearson’s 2-tailed correlation among the physicochemical variables of water, aquatic
insect species richness and species density of both Magura haor and Satkorakandi anua of Cachar,
Assam

Magura haor Satkorakandi anua
DO versus FCO2 (—*%) Insect density versus WT (—%)
RF versus FCO2 (+*%*) RF versus depth (+*%)
RF versus DO (—*%*)
Insect density versus species richness (+**) Insect density versus TA (+%)
Insect density versus K (+%)
Insect density versus species richness (+%%*)

*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed)
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Fig. 2 Spatial and seasonal variations in total number of orders, families, genera, and species of
aquatic insects in two different sites of Magura haor and Satkorakandi anua in Cachar district,
Assam during post-monsoon to monsoon season (2013-14)

found common. Compared to the haor, anua had a record of less number of species
although oxbow lakes are recognized for their importance in the maintenance and
integrity of regional biodiversity and as natural nurseries of commercially important
species (Agostinho et al. 2000). The reason might be less human intervention in the
haor compared to the anua. Again between the two sites of anua, Sat2 had
prominently lower number of insect taxa. This may be explained by the prevalence
of macrophytes in Satl and absence in Sat2 as insects have close association with
macrophytes (Wilcox and Meeker 1992; Moretti and Callisto 2005).

Tables 4 and 5 show the list of species, and dominance status (Engelmann 1978) of
aquatic insects in different sites of the two lakes in different seasons. Plate 1 shows
images of a few aquatic insect species recorded in the systems. Octhebius
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sp. (Hydraenidae) was the eudominant species in Haor2 in post-monsoon while
Cloeon sp. was eudominant in post-monsoon in Haor1 and in both the sites of haor in
monsoon. In Satkorakandi anua the eudominant taxa were Paraplea sp. (Pleidae) in
Satl in monsoon, Galerucella sp. (Chrysomelidae) in Sat2 in pre-monsoon, Cloeon
sp. (Baetidae) in Sat2 in winter, and Satl and 2 in pre-monsoon and Culex
sp. (Culicidae) in Satl in winter. Cloeon sp. (order- Ephemeroptera, family- Baetidae)
was found eudominant in both the systems. Haor had lower number of eudominant
species in comparison to the anua which again proved higher diversity in haor than
that of anua. This was also shown by Shannon_H' values in haor where all the values
were within the proper range of 1.5-3.5 (Turkmen and Kazanci 2010) except one
season. Again most of the Margalef water quality index values of both the systems
indicated moderate pollution. According to Lenat et al. (1980), Margalef water quality
index values greater than 3 indicate clean condition; values less than 1 indicate severe
pollution and intermediate value indicate moderate pollution (Table 6).

In this study, the families of importance were Hydraenidae, Baetidae,
Chrysomelidae, and Culicidae because of their eudominance status (relative
abundance > 31.7%). Baetidae, Hydraenidae, and Chrysomelidae are semi-tolerant
families with tolerance value 4 and 5 while Culicidae is the most tolerant family
having tolerance value 1 (Chessman 2003). Eudominant status of family Culicidae
in anua indicated high level of pollution. Apart from the eudominant families
tolerance levels of most of the families recorded in both the systems are 4 and 5,
i.e., semi-tolerant (Mandaville 2002; Chessman 2003) indicating degrading nature
of both the systems. The family Baetidae of order Ephemeroptera although belong
to the sensitive group EPT (Ephemeroptera, Plecoptera, Trichoptera) (Rosenberg
and Resh 1993) its tolerance value for both BMWP and SIGNAL is 4. Because of
its high significance level of association with moderately polluted water, it is poorly
prospected in biomonitoring (Alba- Tercedor et al. 1991; Menetrey et al. 2008).
Previous studies in Cachar district also had records of Cloeon sp., family Baetidae
from the moderately polluted ecosystems (Gupta and Narzary 2013; Dalal and
Gupta 2014). Aquatic insect diversity and occurrence of mostly semi-tolerant taxa
in both the systems showed human influence. The Biological Monitoring Working
Party (BMWP) and BMWP™4! scores computed on the basis of tolerance level of
the aquatic insects to organic pollution revealed poor water condition in all the sites
and seasons in anua while in haor water condition was found moderate in some
seasons of the year. Average Score Per Taxon (ASPT) and ASPT™A! scores of
both the lakes also showed similar water condition ranging from probable moderate
pollution (PMP) to doubtful quality (DQ). Stream Invertebrate Grade
Number-Average Level (SIGNAL 2) scores of all the sites were below 4 indicating
severe pollution status. Although SIGNAL 2 score is basically developed for stream
studies it is also in use for wetland studies. Wetlands are likely to have naturally
lower scores than streams in the same region (Chessman 2003). Hence, severe
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Sympetrum illotum Ranatra varipes

Ranatra gracilis Cloeon sp. Potamarcha obscura

Plate 1 Images of a few aquatic insect species

pollution interpreted from SIGNAL value could be considered as moderate pollu-
tion (Table 7). In both the ecosystems, insect density showed very high significant
positive correlation with species richness. Such correlation was also found in
previous studies in Cachar district in one oxbow lake and two different ponds
(Gupta and Narzary 2013; Dalal and Gupta 2014) (Table 3).
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Table 6 Diversity indices of aquatic insects of two different sites of Magura haor and
Satkorakandi anua of Cachar, Assam during Post-monsoon—monsoon, 2013-14

Haorl Haor2 Satl Sat2
Post-monsoon Shannon_H' 1.95 1.51 1.89 2.21
Evenness_e”H/S 0.44 0.30 0.61 091
Margalef 3.69 297 291 3.32
Berger—Parker 0.48 0.58 0.35 0.2
Winter Shannon_H' 1.91 2.26 1.30 1.25
Evenness_e H/S 0.84 0.87 0.73 0.35
Margalef 2.65 3.14 1.82 2.36
Berger—Parker 0.28 0.21 0.55 0.68
Pre-monsoon Shannon_H' 1.53 2.61 1.061 1.31
Evenness_e”H/S 0.27 0.71 0.57 0.92
Margalef 3.56 4.67 1.21 1.36
Berger—Parker 0.65 0.21 0.66 0.33
Monsoon Shannon_H' 0.93 1.40 0.84 1.30
Evenness_e”H/S 0.42 0.58 0.77 0.73
Margalef 1.39 1.78 0.91 1.38
Berger—Parker 0.75 0.58 0.66 0.5

Table 7 SIGNAL 2, BMWP, ASPT, BMWP ™Al and ASPT™MA! scores used at two different sites
of Magura haor and Satkorakandi anua of Cachar district, Assam during post-monsoon—monsoon,
2013-14

Haorl Haor2 Satl Sat2
Post-monsoon | SIGNAL 2 |3.38 (SP) 2.95 (SP) 2.69 (SP) 3 (SP)
BMWP 37 (P) 38 (P) 21 (P) 32 (P)
ASPT 4.62 (PMP) |5.42 (DQ) 5.25 (DQ) 4.57 (PMP)
BMWPTHAL 142 (M) 31 (P) 16 (P) 32 (P)
ASPTTHAL 4.66 (PMP) |5.16 (DQ) 5.33 (DQ) 4.57 (PMP)
Winter SIGNAL 2 | 3.5 (SP) 3 (SP) 2.2 (SP) 3.33 (SP)
BMWP 28 (P) 41 (M) 13 (P) 40 (P)
ASPT 5.6 (DQ) 455 (PMP) | 6.5 (DQ) 5 (PMP)
BMWPTHAL |26 (P) 41 (M) 11 (P) 38 (P)
ASPTTHAI 5.2 (DQ) 4.55 (PMP) |5.5(DQ) 4.75 (PMP)
Pre-monsoon | SIGNAL 2 | 2.54 (SP) 2.45 (SP) 3.22 (SP) 3.5 (SP)
BMWP 65 (M) 49 (M) 14 (P) 19 (P)
ASPT 5(DQ) 4.9 (PMP) 4.67 (PMP) | 4.75 (PMP)
BMWP™AL |63 (M) 49 (P) 14 (P) 19 (P)
ASPTTHAL 4.86 (PMP) |4.9 (PMP) 4.67 (PMP) |4.75 (PMP)

(continued)
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Table 7 (continued)

Haorl Haor2 Satl Sat2
Monsoon SIGNAL 2 3.72 (SP) 3.6 (SP) 2.6 (SP) 2.33 (SP)
BMWP 25 (P) 23 (P) 14 (P) 20 (P)
ASPT 5 (PMP) 5.75 (DQ) 4.7 (PMP) 5 (PMP)
BMWPTHAL |25 (p) 21 (P) 14 (P) 18 (P)
ASPTTHAL 5 (DQ) 5.25 (DQ) 4.7 (PMP) 4.5 (PMP)

Note SIGNAL 2 score: <4 severe pollution (SP); 4-5 moderate pollution (MP); 5-6 mild pollution
(MiP); >6 healthy habitat (HH). BMWP score: —10 very poor (VP); 1/—40 poor (P); 41-70
moderate (M); 71-100 good (G); >100 very good (VG). ASPT score: <4 probable severe
pollution (PSP); 4-5 probable moderate pollution (PMP); 5-6 doubtful quality (DQ); >6 clean
water (CW)

Table 8 Summary statistics of canonical correspondence analysis (CCA) for Magura haor and
Satkorakandi anua

Systems Magura haor Satkorakandi
anua

Axes 1 2 1 2

Eigenvalues 0.655 |0.621 0.845 [0.754

Species environment correlations 1.000 1.000 1.000 1.000

Cumulative percentage variance of species data 204 39.8 23.8 45.1

Cumulative percentage variance of 204 39.8 23.8 45.1

species-environment relation

Sum of all eigenvalues 3.206 3.549

Sum of all canonical eigenvalues 3.206 3.549

Canonical Correspondence Analysis (CCA)

Aquatic insect species data was subjected to canonical correspondence analysis
(CCA), a direct gradient analysis method, which summarizes relationships between
response variables and environmental variables (Leps and Smilauer 2003). Plots of
ordinations are generated by CanoDraw (Ter Braak and Smilauer 2002). Table 8
shows the summary statistics of the CCA for Magura haor and Satkorakandi anua.
The eigenvalues for axis 1 and 2 were 0.655 and 0.621 for haor, and 0.845 and 0.754
for anua, respectively. Species environment correlations were 1 for both the systems.

Table 9 shows the species and its code name used in the ordination graph of
CCA for both the systems. CCA biplot ordination graph for species environmental
variables of Magura haor revealed that AT, RF, DO, depth, FCO,, TA, Na, and pH
were the important variables. The strong negative correlation of DO with FCO, and
RF confirmed the significant correlations shown by Pearson’s correlation coefficient
analysis. Species close to axis 1 were Cloeon sp., Agriocnemis femina, Micronecta
siva, and Ceriagrion cerinorubellum. Species close to axis 2 were Neogerris
parvula, Octhebius sp., Ranatra elongate, Gerris lepcha. A large number of species
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Table 9 List of species and its code name used in CCA biplot ordination graph of Magura haor
and Satkorakandi anua

S. No. | Magura haor Species code |S. No. | Satkorakandi anua | Species code
name name
1 Neogerris parvula Neo 1 Limnogonus nitidus | LimnNi
2 Gerris sp. Gerrl 2 Anisops niveus AniNi
3 Gerris lepcha Gerr2 3 Anisops breddini AniBre
4 Trepobates sp. Trepo 4 Mesovelia vittigera | MesoV
5 Limnogonus Limno 5 Mesovelia mulsanti | MesMu
fossarum
6 Anisops breddini AniB 6 Micronecta MicrHal
haliploides
7 Nychia sappho Nychia 7 Synaptonecta issa Synolss
8 Aphelonecta sp. Aphelo 8 Paraplea sp. ParaS
9 Anisops bouvieri AniBo 9 Ranatra varipes RanaVar
10 Anispos exiguus AniEx 10 Suphisellus sp. SuphiS
11 Micronecta MicrHali 11 Berosus sp. BersSp
haliploides
12 Micronecta siva MicrSi 12 Laccobius sp. LaccoSP
13 Micronecta MicrScu 13 Galerucella sp. GaleSP
scutellaris
14 Micronecta MicrLudi 14 Rhodothemis rufa RhoRu
ludibunda
15 Micronecta sp. Micrsp 15 Hydrobasileus HydBrevi
brevistylus
16 Baptista collaris BaptCol 16 Potamarcha PotaObs
obscura
17 Paraplea sp. Paral 17 Sympetrum sp. SympS
18 Ranatra elongata RanaElon 18 Sympetrum illotum | Symplllo
19 Ranatra gracilis RanaGra 19 Hydrocanthus sp. Hydroca
20 Ranatra sordidula RanaSor 20 Leucorrhinia LeucorFRIGI
frigida
21 Laccotrephes ruber | LaccoR 21 Orthetrum sabina OrtheSa
22 Hydrometra greeni HydR 22 Neurothemis NeurotFlu
Sfluctuans
23 Diplonychus sp. DiploSP 23 Ceriagrion CeriaCer
cerinorubellum
24 Suphisellus sp. SupL 24 Ischnura IschSene
senegalensis
25 Laccobius sp. LaccoSP 25 Agriocnemis AgrioPyg
pygmaea
26 Cercyon sp. Cerc 26 Cloeon sp. CloeoDi
27 Berosus sp. BeR 27 Culex sp. CulexS
28 Helochares sp. Heloc 28 Anopheles sp. AnopSP
29 Berosus indicum Beroln 29 Aedes sp. Aedes

(continued)
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Table 9 (continued)

A. Dalal and S. Gupta

S. No. | Magura haor Species code |S. No. | Satkorakandi anua | Species code
name name
30 Hydrobius sp. HydBi 30 Gymnopais sp. Gymno
31 Octhebius sp. Octh 31 Ablabmesyia sp. Ablab
32 Laccophilus sp. LaccoS 32 Paramerina sp. ParameS
33 Cybister sp. CybS
34 Cybister CybLater
lateralimarginalis
35 Donacia sp. Dona
36 Galerucella sp. GalL
37 Hydrochus sp. Hydroc
38 Hydrobasileus HydBre
brevistylus
39 Potamarcha sp. Potamsp
40 Leucorrhinia intacta | Leuln
41 Crocothemis servilia | CroSer
servilia
42 Ischnura IscSen
senegalensis
43 Agriocnemis femina | AgriF
44 Ceriagrion CeriC
cerinorubellum
45 Pseudagrion PseAus
australasiae
46 Pseudagrion PsePru
prunisom
47 Aeshna sp. Aesh
48 Cloeon sp. Cloel0
49 Culex sp. CulSP.
50 Aedes sp. Aedes
51 Ablabmesyia sp. Ablab
52 Tabanus sp. Taba
53 Eunemobius sp. Eunem
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Fig. 3 Canonical
correspondence analysis
(CCA) biplot ordination graph
of species and environment of
Magura haor

Fig. 4 Canonical
correspondence analysis
(CCA) biplot ordination graph
of species and environment of
Satkorakandi anua
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were found clubbed in the negative side of both axis 1 and 2, not associated with
any of the water variables (Fig. 3). In the case of anua, NO; , AT, RF, and Na were
the important variables. No species was found associated with axis 1. Species found
associated with axis 2 were Ischnura senegalensis, Cloeon sp., Ranatra varipes,
Anopheles sp., Aedes sp. and Hydrocanthus sp. (Fig. 4).
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Conclusion

This study found occurrence of mostly semi-tolerant species in both the systems
indicating disturbance in the systems. Values of different diversity indices and
biotic scores based on the diversity and density of aquatic insects indicated mod-
erate pollution of water in both the systems. All the above facts confirmed the role
of aquatic insects as a potential pollution indicator of freshwater systems.

Acknowledgements The authors thank the head, department of Ecology and Environmental
science, Assam University, Silchar for providing laboratory facilities. The first author thanks the
Department of Science and Technology (DST), New Delhi for financial support through INSPIRE
Fellowship. The authors also thank the inhabitants of both the lake areas for their help during
collection.

References

Agostinho AA, Thomaz SM, Minte-Vera CV, Winemiller KO (2000) Biodiversity in the high
Parana River floodplain; Biodiversity in Wetlands. Assessment, Function and Conservation.
Vol-1 Leiden. Backhuys Publishers 1, 89-118

Alba-Tercedor JC, Zamora-Munoz A, Sanchez-Ortega Guisasola I (1991) Mayflies and stone flies
from the RioMonachil (Sierra, Nevada Spain) (Ephemeroptera and Plecoptera). In:
Alba-Tercedor J, Sanchez Ortega A (eds) Overview and strategies of Ephemeroptera and
Plecoptera. Sandhill crane press Inc, Gainesville, pp 529-538

APHA (2005) Standard methods for the examination of water and wastewater, 19th Edn.
Published by American Public Health association, 1015, fifteen street NW Washington, D.C.
20 R.C. 0015

Arimoro FO, Ikomi RB (2008) Ecological integrity of upper Warri river, Niger delta using aquatic
insects as bioindicators. Ecol Indic 395:1-7

Bal A, Basu RC (1994a) Insecta: Hemiptera: Belostomatidae, Nepidae, Notonectidae and Pleidae.
State fauna series 5: Fauna of West Bengal. Part 5, Zoological Survey of India, Calcutta,
pp 535-558

Bal, A, Basu RC (1994b) Insecta: Hemiptera: Mesovelidae, Hydrometridae, Velidae and Gerridae.
State Fauna Series 3: Fauna of West Bengal, Part 5. Zoological Survey of India, Calcutta,
pp 511-534

Bal A, Basu RC (2004) Insecta: Hemiptera: Corixidae, Veliidae, Mesoveliidae, Nepidae,
Notonectidae and Gerridae. State fauna series 10: Fauna of Manipur (Part 2). Zoological
Survey of India, Kolkata, pp 625

Barman B, Gupta P, Choudhury D, Dalal A, Gupta S (2014) Biomonitoring in Lentic ecosystems
of Irongmara, district Cachar, Assam, India, with special reference to aquatic insect
community. Int Res J Environ Sci 3(8):26-35

Bass D (1994) Common structure and distribution patterns of aquatic macroinvertebrates in a tall
grass prairie stream ecosystem. Proc Oklahoma Acad Sci 74:3-10

BIS (2012) Indian standard drinking water—specification, Manak Bhavan, 9 Bahadur Shah Zafar
Marg, New Delhi

Brittain JE (1974) Studies on the lentic Ephemeroptera and Plecoptera of Southern Norway. Norsk
Entomologisk Tidsskrift 2:135-151

Cheng L, Yang CM, Andersen NM (2001) Guide to the aquatic Heteroptera of Singapore and
Peninsular Malaysia. 1. Gerridae and Hermatobatidae. Raffles B Zool 49(1):129-148



Aquatic Insects as Pollution Indicator ... 123

Chessman BC (2003) New sensitivity grades for Australian river macroinvertebrates. Mar
Freshwater Res 54:95-103

Dalal A, Gupta S (2014) Aquatic insect diversity in two temple ponds of Silchar, Assam, N.E.
India and their conservation values. Knowl Manage Aquat Ec 415:09

Dalal A, Gupta S (2015) Rapid bioassessment of Magura haor (Floodplain wetland), Cachar
District, Assam, India using aquatic insects. CWE 10(1):296-304

Das SK, Chakrabarty D (2008) The Evaluation of ecological degradation in two tropical lakes of
India in respect of fin fish community structure. In: Sengupta M, Dalwani R (ed) Proceedings
of Taal 2007: The 12th World Lake Conference, pp 2023-2030

Dudgeon D (1999) Tropical Asian streams: Zoobenthos, Ecology and Conservation. Hong Kong
University Press, Hong Kong

Engelmann HD (1978) Zur Dominanzklassifikazierung von Bodenarthropoden. Pedobilogia
18:378-380

Epler JH (2006) Identification manual for the aquatic and semi-aquatic Heteroptera of Florida
(Belostomatidae, Corixidae, Gelastocoridae, Gerridae, Hebridae, Hydrometridae,
Mesoveliidae, Naucoridae, Nepidae, Notonectidae, Ochteridae, Pleidae, Saldidae, Veliidae).
Florida Department of Environmental Protection, Tallahassee, Florida, pp 186

Epler JH (2010) The water beetles of Florida, an identification manual for the families
Chrysomelidae, Curculionidae, Dryopidae, Dytiscidae, Elmidae, Gyrinidae, Haliplidae,
Helophoridae, Hydraenidae, Hydrochidae, Hydrophilidae, Noteridae, Psephenidae,
Ptilodactylidae and Scirtidae. Florida Department of Environmental Protection, Tallahassee,
FL. 399 +iv p

Gupta S, Devi SS (2014) Ecology of Baskandi anua, an oxbow lake of South Assam, North East
India. J Environ Biol 35(6):1101-1105

Gupta S, Narzary R (2013) Aquatic insect community of lake, Phulbari anua in Cachar, Assam.
J Environ Biol 34:591-597

Kumar A (1973a) Descriptions of the last instar larvae of odonata from the Dehra Dun Valley
(India), with notes on biology I (Suborder: Zygoptera). Orient Insects 7:23-61

Kumar A (1973b) Descriptions of the last instar larvae of Odonata from the Dehra Dun Valley
(India), with notes on biology I I. (Suborder: Anisoptera). Orient Insects 7:291-331

Lenat DR, Smock LA, Penrose DL (1980) Use of benthic macroinvertebrates as indicators of
environmental quality. In: Douglass LW (ed) Biological monitoring for environmental effects.
Lexington books, Toronto, pp 97-114

Leps J, Smilauer P (2003) Multivariate analysis of ecological data using CANOCO. Cambridge
University Press, pp 269

Macan TT, Maudsley R (1968) The insects of the stony substratum of windermere. Trans Soc Brit
Entomol 18:1-18

Madden CP (2010) Key to genera of larvae of Australian Chironomidae (Diptera). Mus Victoria
Sci Report 12:1-31

Mandaville SM (2002) Benthic macroinvertebrates in freshwaters: taxa tolerance values, metrics,
and protocols. Project H-1, Soil and Water Conservation Society of Metro Halifax

Mason CF (2002) Biology of freshwater pollution, 4th edn. Benjamin Cummings Publishing
Company, UK

Menetrey N, Oertli B, Sartori M, Wagner A, Lachavanne JB (2008) Eutrophication: are mayflies
(Ephemeroptera) good indicators for ponds? Hydrobiologia 597:125-135

Merritt RW, Cummins KW, Berg MB (2008) An introduction to the insect of North America, 4th
edn. Kendall-Hunt, Dubuque, IOWA

Michael P (1984) Ecological methods for field and laboratory investigation. Tata McGraw-Hill
publishing Company Ltd., New Delhi, p 434

Moretti MS, Callisto M (2005) Bio monitoring of benthic macroinvertebrates in the middle Doce
River watershed. Acta Lomnol Bras 17(3):267-281

Mustow SE (2002) Biological monitoring of rivers in Thailand: use and adaptation of the BMWP
score. Hydrobiologia 479:191-229



124 A. Dalal and S. Gupta

Purkayastha P, Gupta S (2012) Insect diversity and water quality parameters of two ponds of
Chatla wetland, barak valley. Assam CWE 7(2):243-250

Ramesh R, Anbu M (1996) Chemical methods for environmental analysis: water and sediment.
Macmillan Publication, India

Rosenberg DM, Resh VH (1993) Introduction to freshwater biomonitoring and benthic
macroinvertebrates. In: Rosenberg DM, Resh VH (eds) Freshwater biomonitoring and benthic
macroinvertebrates. Chapman and Hall, New York, London, pp 1-9

Sala OE, Chapin FS, Armesto JJ, Berlow R, Bloomfield J, Dirzo R, Huber-Sanwald E,
Huenneke LF, Jackson RB, Kinzig A, Leemans R, Lodge D, Mooney HA, Oesterheld M,
Poff NL, Sykes MT, Walker BH, Walker M Wall DH (2000) Global biodiversity scenarios for
the year 2100. Science 287:1770-1774

Stiff MJ, Cartwright NG, Crane, RI (1992) Environmental quality standards for dissolved oxygen.
R & D Note 130. WRc Report no. NR 2415/1/4226. pp 58

Ter Braak CJF, Smilauer P (2002) CANOCO reference manual and CanoDraw for Windows users
guide: Software for Canonical Community Ordination (version 4.5). Microcomputer Power,
Ithaca, New York. pp 500

Turkmen G, Kazanci N (2010) Applications of various biodiversity indices to benthic
macroinvertebrate assemblages in streams of a national park in Turkey. Rev Hydrobiol
3:111-125

Westfall MJ Jr, Tennessen KJ (1996) Odonata. In: Merrit RW, KW Cummins KW (ed) An
introduction to the aquatic insects of North America, 3rd edn. Kendell/Hunt Publishing
Company. Dubuque, Iowa, pp 164-211

Wetzel RG (1984) Limnology. Saunders College Publishing, New York, pp 760

WHO (2006) Guidelines for drinking water quality Geneva. Report No: WHO/SDE/WSH 06.07

Wilcox DA, Meeker JE (1992) Implications for faunal habitat related to altered macrophyte
structure in regulated lakes in northern Minnesota. Wetlands 12(3):192-203



Monitoring of Air Pollution in Different
Regions Along Road Network, Jharia
Coalfield, Dhanbad, India

Shiv Kumar Yadav, Manish Kumar Jain and Dinesh Kumar Patel

Abstract Air pollution levels were measured during October, 2014 along the road
network at Jharia Coalfield, Dhanbad, Jharkhand, India. The monitored PM con-
centrations were designated as PM;, and PM, 5 for aerodynamic diameter smaller
than 10 and 2.5 pm, respectively. Concentration of PM, and PM, 5 in mining area
such as BMO, GDR, and KMO were about two times higher than ISM (non-mining
area). Variation in the peaks of PM, and PM; 5 concentrations were well correlated
with the traffic volume count (TVC) at all monitoring locations except GDR due to
the transportation of coal using Hyva truck and associated activities due to the
mining industry. Concentrations of PM,, and PM, 5 exceed 24-hour standards as
per Indian national ambient air quality standards (NAAQS 2009) as well as World
Health Organization (WHO 2005) at all locations in the mining area. Based on the
air quality index, air qualities were falling under very highly polluted category
mainly at BMO, GDR, KDH, KMO, and DHR.

Keywords Particulate matter - Open cast coal mining - Exposure
Traffic volume count - Air quality index

Introduction

Air quality monitoring and pollution control have been a major environmental
concern for the last three decades. Health of the people residing along roadside is
seriously affected due to the adverse impacts of air pollution causing terrible dis-
eases such as human health such as acute and chronic respiratory malady and
cardiopulmonary sickness (WHO 2006; Brugge et al. 2007; UN 2015). The
problems of air pollution are due to heavy traffic, mining operations, and other
industrial activities (Baldauf et al. 2001; Collins et al. 2001; Pandey et al. 2014).
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The problems of air pollution are more critical for every living being in Jharia
Coalfield (JCF). JCF is facing a huge burden of traffic congestion, overpopulation
and industrial/mining problems. In particular, such issues target severely public
activities like children moving to school, roadside vendors, and employees of
uncovered or frequently open commercial establishments in traffic dense and nar-
row locations and all users of public places such as bus stands, auto stands etc. JCF
has been declared as critically polluted zone by the Central Pollution Control Board
(CPCB). Increases in air pollution levels to an alarming rate along the roadside of
Jharia areas have also been reported by several researchers (Ghose and Majee 2000,
2001; Jain and Saxena 2002; Chaulya 2004; Dubey et al. 2012; Pandey et al. 2014).

The present study was conducted to measure air pollutants (PM;o, PM, 5, SO,,
NO,, and CO) concentration variations along roadside in mining and non-mining
areas, JCF, Dhanbad, Jharkhand, India and their comparison of observed values
with NAAQS 2009 and WHO 2005 standards. Apart from the observed concen-
tration of pollutants, air quality index (AQI) values were also estimated for better
understanding and interpretation of the pollution levels.

Materials and Methods

Study Area

Jharia Coalfield (JCF) is one of the most important coalfields in eastern India,
located in Dhanbad, Jharkhand, India between latitude 23° 45’ 0” North; longitude
86° 24’ 0" East and 222 m above mean sea level (Fig. 1). JCF is the most exploited
coalfield because of available metallurgical grade coal reserves. The mining method
here comprises of both opencast as well as underground. A study related to JCF is
of high importance due to the presence of highly populated township in the vicinity
and chances of its negative impacts on society. Non-mining location was selected at
the main gate of Indian School of Mines (ISM), Dhanbad located at distance of
7 km in a northeast direction (NE) from JCF for comparing the air quality of the
mining area. Nine monitoring locations were selected for particulate matter
(PM) monitoring in the study area as per IS: 5182 Part-XIV (Fig. 1). The selected
locations were places of maximum population, heavy traffic, commercial and
industrial/mining areas. Brief descriptions of the locations along with their GPS
coordinates are presented in Table 1.

Data Collection

The present study of air pollution levels (PM;q, PM5 5, SO,, NO,, and CO) was
carried out during October, 2014 at eight different locations in mining and one
location in non-mining areas. Twenty-four-hour average sampling was done on
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Fig. 1 Map of the monitoring locations in the study area

alternate days for 2 days in a week. Standard methods for monitoring and analysis
of all parameters as prescribed by CPCB under NAAQS (2009) were followed.
PM,, samples were collected by respirable dust sampler (Envirotech APM 460NL)
at a flow rate of 1.1 m*/min on Whatman glass fiber filters and PM, 5 samples were
collected by fine particulate sampler (Envirotech APM 550 MFC) at a flow rate
16.7 L/min on PTEF filter papers. The mass concentration of PM;, and PM, 5 in
pg/m’ is computed by measuring the mass of particulates by gravimetric methods
and volume of the air sampled. The samples of SO, and NO, in pg/m® were
collected by thermoelectrically cooled gaseous samplers (Envirotech APM 411TE)
as per improved West and Gaeke method and modified Jacob and Hochheiser
method, respectively. Carbon monoxide (CO) was determined using a portable
sampler KIMO (Model AQ200).
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Table 1 Descriptions

characteristics
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of monitoring locations along with GPS coordinates and their

Location D Coordinate Major activities
N E
Bankmore BMO |23° 47’ 86° 25" | Busiest road and junction, commercial,
18.4" 11.6" residential, high traffic flow, mining and
industrial activities within 1 km
Matkuria MCP |23° 47 86° 24’ | Industrial, commercial and residential, medium
check post 14.1" 14.6" traffic flow, mining activity nearby
Godhar GDR | 23° 47’ 86° 23" | Transportation through the roads with Hyva
2.9" 43.6" truck, Open cast coal mining, Industrial, some
residential, medium traffic flow
Kenduadeeh |KDH |23° 46’ 86° 22" | Commercial, residential, high traffic flow,
32.4" 48.8" industrial/mining activity nearby
Kustaur KUS |23° 45’ 86° 23" | Commercial and residential, low traffic flow,
40.5" 26.1" mining activity nearby
Katras more | KMO |23° 44" |86° 24" | Transportation through the roads with Hyva
54.5" 36.0" truck, commercial and residential, high traffic
flow, industrial/mining activity nearby
Bastacola BCO |23° 45 86° 24" | Commercial and residential, medium traffic
29.1" 42.0" flow, mining activity nearby
Dhansar DHR | 23° 46’ 86° 24’ Commercial and residential, medium traffic
43.0" 45.6" flow, industrial/mining activity nearby
ISM Gate ISM 23° 48’ 86° 26" | Commercial and residential, medium traffic flow
(non-mining) 32.5" 33.6"

In the determination of AQI, equal importance was given to all the pollutants.
The quality for each pollutant was estimated by using observed and standard value.
The geometric mean of these quality ratings gives the AQIL.

The existing concentrations of pollutants were compared with ambient air
quality standards (with the standard being assumed as a reference baseline for each
pollutant) and accordingly the quality rating for a particular pollutant was derived in
Egs. 1 and 2 as shown below:

where

Q; Quality rating for an ith pollutant,

0 =

C; Concentration of ith pollutant,
S; Air quality standard for ith pollutant.

10(C;/S:), (1)

Air Quality Index (AQI) = (Q; X Qy X --- X Qn)l/n, (2)
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where
n  Number of pollutants considered.

The categorization of AQI values has been assigned as per guidelines provided
by Environment Canada (Table 2). It measures the air quality in relation to the
health on a scale from 1 to 10. The higher the number, the greater the health risk
associated with the air quality.

The Air Quality Health Index (AQHI) is a scale designed to understand the air
quality and its impact on health to make decisions related to health protection by
limiting short-term exposure to air pollution and adjusting activity levels during
high values (Table 3). This index is also helpful to people who are sensitive to air
pollution and provides them with advice on how to protect their health during air
quality levels associated with low, moderate, high and very high health risks (Ott
and Thom 1976).

Table. 2 Air quality rating Index value Status of air pollution
scale index
1-3 Least polluted
4-6 Moderately polluted
7-10 Highly polluted
10+ Very highly polluted

Table 3 Air quality health index categories and health messages

Health Air quality | Health messages

risk health index | At risk population General population

Low 1-3 Enjoy your usual outdoor Ideal air quality for outdoor
activities activities

Moderate | 4-6 Consider reducing or No need to modify your usual
rescheduling strenuous activities | outdoor activities unless you
outdoors if you are experiencing | experience symptoms such as
Symptoms coughing and throat irritation

High 7-10 Reduce or reschedule strenuous | Consider reducing or
activities outdoors. Children and | rescheduling strenuous activities
the elderly should also take it outdoors if you experience
easy symptoms such as coughing and

throat irritation

Very Above 10 Avoid strenuous activities Reduce or reschedule strenuous

high outdoors. Children and the activities outdoors, especially if
elderly should also avoid you experience symptoms such
outdoor physical exertion as coughing and throat irritation

Source www.ec.gc.ca
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Results and Discussion

Variations of Traffic Composition

Variation of Traffic Volume Count (TVC) and growth in the number of motor
vehicles trend in Dhanbad, Jharkhand, India are presented in Fig. 2a-b. Daily
average traffic flow analyses were done to show the greater percentage contribution
of each type’s vehicle for most of the sampling point at BMO, KDH, KMO, and
DHR. The highest traffic flow was observed at BMO. A larger number of Hyva
trucks were also noticed at GDR and KMO; which is the most important reason for
particulate pollution on these locations. The number of two wheelers and three
wheelers was more than 50% of total traffic at all monitoring locations. The growth
rate of vehicles was seen higher in years 2003-2007. It was also observed that
larger vehicles (10 years old) are one of the important reasons that contribute in air
pollution along the roadside surroundings (Fig. 3b).
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Fig. 3 Variations in average concentrations of a PM;o, b PM, 5, C SO,, d NO,, and e CO during
the monitoring period and compares to standards

Variations of Air Pollutant Concentration

Air pollutant (PM 4, PM, 5, SO,, NO,, and CO) concentrations of various locations
are presented in Fig. 3. Twenty-four-hour average PM;, and PM, 5 concentrations
with respect to TVC variation and standards are shown at all locations (Figs. 3a-b).
The concentrations of PM;o and PM, 5 at BMO, GDR, and KMO during moni-
toring were two times higher than ISM and exceeded the prescribed limit of
NAAQS (100 and 60 pg m_3) and WHO (50 and 25 pg m_3) for PM;g and PM,; s,
respectively (Fig. 3a-b). The formation of particles (PM;q and PM, 5) may be due
to mining operations, heavy traffic, and re-suspension of dusts (Cole and Zapert
1995; Pandey et al. 2014; Sastry et al. 2015) near coal mining areas hence, pro-
portions of these particles were high in the coal mining region. Variation of PM
and PM, 5 concentrations were also directly correlated with traffic volume count
(TVC) at all monitoring locations except GDR.

The concentrations of SO, at all locations during monitoring were below the
prescribed limit of NAAQS (80 pg m ) and exceeded the prescribed limit of
WHO (20 pug m™>) at all except ISM and KUS (Fig. 3c). SO, is directly emitted
from fossil fuel combustion, industrial processes and then lost from the atmosphere
through dry deposition at the surfaces or oxidation to sulfate (Pio and Feliciano
1996). The concentrations of NO, at BMO, KDH and KMO during monitoring
were found exceeding the prescribed limit of NAAQS (80 ug m>) and WHO
(40 pg m™>) at all locations (Fig. 3d). Anthropogenic emissions of NO, in the area
may be mainly due to coal, oil, and natural gas, with some emissions during
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Table 4 Location-wise AQI of the study area

Location | Sub-index of various pollutants AQI Category
QPM;; |QPM,s |QSO, |[QNO, |QCO |value

BMO 24.7 14.3 33 11.9 22.5 12.5 Very highly
polluted

MCP 114 9.7 2.8 7.5 12.5 7.8 Highly polluted

GDR 23.8 184 44 8.8 15.0 12.0 Very highly
polluted

KDH 19.5 15.3 2.8 10.6 17.5 10.9 Very highly
polluted

KUS 10.5 9.5 1.3 5.0 5.0 5.0 Moderately
polluted

KMO 26.2 19.6 39 11.6 20.0 13.6 Very highly
polluted

BCO 13.8 12.0 33 9.8 12.5 9.2 Highly polluted

DHR 18.2 153 3.1 10.6 15.0 10.7 Very highly
polluted

ISM 9.8 55 24 7.0 12.5 6.5 Moderately
polluted

blasting, combustion processes, including vehicle exhaust. NO, has a longer life-
time in the atmosphere in the absence of sunlight (Li et al. 2008).

The hourly average CO concentrations during monitoring also exceeded the
prescribed limit of NAAQS (4 mg m ) except KUS (Fig. 3e). CO is directly
emitted from vehicle exhaust, power generators, and also from incomplete com-
bustion of various other fuels (including wood, coal, charcoal, oil, paraffin, propane,
natural gas, and trash).

AQI for all locations were estimated based on NAAQS (2009) as per method
described earlier. AQI showed significant spatial variations during the monitoring
period (Table 4). The AQI values were falling under very highly polluted category at
BMO, GDR, KDH, KMO, and DHR locations due to their proximity to coal mining
areas. Heavy traffic flow at slow speed and poor road conditions may also be
attributed to these high index values. The air quality of MCP and BCO was falling
under highly polluted category due to medium traffic flow. On the other hand, the air
quality of KUS and ISM fell under moderately polluted category. At KUS vehicle
movement was less while at ISM movement of commercial vehicles were high.

Conclusion

The present study was conducted to investigate the ambient air quality of Jharia
Coalfield, Dhanbad, India with respect to PM o, PM; 5, SO,, NO,, and CO at nine
representative locations. The spatial variations in pollutant concentrations were
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quite significant, which may be caused by diversity among emissions. The con-
centrations of PM ;4 and PM, 5 at BMO, GDR, and KMO during monitoring were
about two times higher than ISM and exceeded the prescribed limit of NAAQS and
WHO. The concentrations of SO, at all locations during monitoring were below the
prescribed limit of NAAQS and exceeded the WHO at all locations except ISM and
KUS. The concentrations of NO, at BMO, KDH, and KMO during monitoring
exceeded the prescribed limit of NAAQS and WHO standards at all locations. The
hourly average CO concentrations during monitoring also exceeded the prescribed
limit of NAAQS except KUS.

Finally, through this study it can be inferred that the air quality is under very
highly polluted category at BMO, GDR, KDH, KMO, and DHR locations based on
AQI values.
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Spatial Distribution and Baseline
Concentration of Heavy Metals in Swell-
Shrink Soils of Madhya Pradesh, India

S. Rajendiran, T. Basanta Singh, J.K. Saha, M. Vassanda Coumar,
M.L. Dotaniya, S. Kundu and A.K. Patra

Abstract Defining and understanding the current abundance and spatial distribu-
tion of metals in soils are essential and reliable information on this aspect are
needed for proper legislation. To estimate the baseline concentrations and spatial
distribution of heavy metals (HMs) in Swell-shrink soils Sehore and Vidisha dis-
tricts, 100 surface soil samples (0-20 cm) were randomly collected across the two
districts and their physico-chemical properties and total HM contents were anal-
ysed. Spatial distribution maps of HMs were prepared and influence of soil
parameters on HMs was studied. Most of the soils in the region had neutral to
alkaline pH (6.58-8.60), non saline (EC 0.11-1.3 dS/m), medium organic carbon
(0.6%), CaCO3 0.2-11.5% and clay >40%. The baseline concentrations of HMs
(mg kg_l) were Cu, 178.1; Cd, 0.7; Pb, 24.4; Cr, 116.9; Ni, 81.8; and Zn, 85.2;
respectively. The concentrations of Cd, Pb and Zn in all the samples were within
the safe range but the concentrations of Cr, Cu and Ni were a little high.

Introduction

India is bestowed with diverse soil groups due to variability in parent materials,
land topography and climatic conditions in different regions (Bhattacharyya et al.
2009). Each soil group as well as subgroup has distinct physical and chemical
properties. Heavy metals are generally defined based on their atomic number, i.e.
those elements having atomic number more than 20 or specific gravity (density) of
more than >4.7 g/cm3. Among heavy metals, Ag, As, Hg, V, Cd, Co, Cr, Cu, Ni, Se
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and Ti have high to moderately high toxicity to plants and Ag, As, Cd, Cr(VI), Hg,
Sb, Se, Ti and V exhibit high toxicity to mammals (McBride 1994). Mean heavy
metal concentrations in natural soil varies widely from 0.06 to 1.1 pg/g for Cd, 1.6—
21.5 pg/g Co, 7-221 pg/g for Cr, 6-80 pg/g for Cu, 0.02-0.41 pg/g for Hg, 4—
55 pg/g for Ni, 10-84 pg/g for Pb, 17-125 ng/g for Zn in non-contaminated soil of
the world (McBride 1994). However, huge quantity of heavy metals are being
mined out from deeper layers of earth crust and pose threat to the environment by
affecting crop productivity and soil microbial biodiversity and also pose threat to
human and animal health by contaminating food chain with toxic metals. Various
soil properties determine degree of mobility/availability of heavy metals as well as
effectiveness and adoptability of some of the management options over others for
polluted soils (Saha et al. 2013). Therefore defining and understanding the current
abundance and spatial distribution of metals in soils are essential first steps in being
able to recognize and quantify natural or human-induced changes in the future. Due
to variation in natural factors like parent materials (from which soil has been
developed), climate, physiography, etc. wide variation in heavy metals contents
among soils from different uncontaminated regions of different countries have been
reported. Reliable data on this aspect are also needed for proper legislation. In order
to address this issue, several other countries have established background con-
centration (BG) and upper baseline concentration (UBL) of heavy metals in soils of
different regions. However, such information is scanty in our country which has
diversified types of soils and agroclimatic conditions. Realizing the importance in
control of pollution and management of polluted soil, many investigations on
background concentrations of soil trace metals had been performed in various areas
such as, Belgium (De Temmerman et al. 1984), China (Chen et al. 1991), Germany
(Bachman et al. 1995), India (Kuhad et al. 1989), Italy (Bini et al. 1988), Poland
(Andersen et al. 1994), Switzerland (Landry and Célardin 1988), The Netherlands
(Denneman and Robbersen 1992), United Kingdom (Thornton 1982), United States
of America (Holmgren et al. 1993; Bradford et al. 1996; Ma et al. 1997), Spain
(Bech et al. 2005) and Western Europe (Angelone and Bini 1992). In these reports
it has been shown that the primary factors influencing trace metal concentrations
and spatial distribution in soils are parent materials and anthropogenic activities.
Factors such as climate, the organic and inorganic components of soils, and redox
potential status also affect the level of trace metals in soils. By keeping in view, the
study is conceived and conducted with the following objectives:

1. To study the spatial distribution of heavy metals in the swell-shrink soils of
Sehore and Vidisha districts of Madhya Pradesh.

2. To estimate the baseline concentrations of heavy metals in these soils.

3. To study the influence of soil properties on the concentration of heavy metals.
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Materials and Methods

General Description of Study Area

Sehore and Vidisha districts are lying in the central part of Madhya Pradesh. These
districts are part of the Malwa plateau with an undulating topography. They are
primarily agricultural districts; Sehore occupies the Chambal and Narmada basin
valley and Vidisha occupies Betwa Valley, having predominantly an agricultural
economy. Agriculture is the main occupation of the people in these districts. Wheat,
rice, sorghum, maize and soybean are the major crops sown in these districts and
ground water has an important role to play for irrigation. The general information of
these districts is given in Table 1.

Collection of Soil Samples

Geo-referenced (100 Nos.) surface soil samples from various locations (20 villages
of Sehore district and from 22 villages of Vidisha district) across the two districts
were collected. The names of the villages of two districts from where soil samples
collected are listed in the Table 2.

Table 1 General information of Sehore and Vidisha district

Particulars Sehore district Vidisha district

Physiography Deccan trap basalts underlined Deccan trap basalts underlained by
by Vindhyan sandstone and Vindhyan sandstone and overlain by
alluvium river alluvium

Soil type Vertic Ustochrept Lithic Ustorthents

Area 6579 km® 7371 km®

Location Latitude 22° 33'-23° 40'N Latitude 22° 20'-24° 22'N
Longitude 78° 26'-78° 02'E Longitude 77° 16'-78° 18'E

Industries Jai Durga Steel Industries Usha Agro Industries

M.P. Iron Industries

Table 2 List of villages for soil sample collection

Sehore district (20 villages) Vidisha district (22 villages)

Selected Janpur Bawadiya, Bairagarh Ganesh, Gamakar. Maholi, Sunari, Parasari,

villages Niwariya, Gudbela, Samardi, Arniya Banoh, Karmedi, Seu, Palalakpur,
Gaji, Malipura (Ashta), Gwala, Mudra Pitamber, Khanpur, Lalatori,
Chachmau, Bayan, Pangurariya, Semri Muraria, Lateri, Sunkher, Emalia,
Khanpura, Balagaon, Satrana, Naarot, Mudra Abela, Bankhedi,
Chhapari, Bhada Khoi, Bhau Khadi, Sojna, Atarikhejda, Kheriajagir,
Bordi Kalan, Mogra, Dabla mata Olynza
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Chemical Analysis of Soils

Soil pH

Soil pH was determined from soil-water suspension in the ratio of 1:2.5 with the
help of Systronics Microprocessor based pH metre as described by Jackson (1973).

Electrical Conductivity

Electrical conductivity (EC) of soil-water suspension (1:2.5) was estimated with the
help of a conductivity metre as outlined by (Jackson 1973). The electrical con-
ductivity was measured at room temperature (25 °C) after the soil particles have
been settled down.

Oxidizable Organic Carbon

Organic carbon of soil was estimated by oxidizing the soil with a mixture of
IN K,Cr,05 and concentrated H,SO,4 and back-titrating the excess K,Cr,O; with
standard ferrous ammonium sulfate solution using diphenylamine indicator fol-
lowing the wet digestion method of Walkley and Black (1934).

Calcium Carbonate

Percentage of CaCOj is estimated by acid neutralization method. For this 5 g soil
(0.5 mm) is treated with 25 mL of 1N HCI for one hour by covering with a watch
glass. Then it is transfered into a 100 mL volumetric flask and volume is made up
and filtered. From the filtrate, 20 ml aliquot is taken in a conical flask (150 mL).
Little distilled water is added, heated just to boil and cooled. The aliquot is titrated
against 0.2N NaOH by adding 0.2 ml of phenolphthalein until the pink colour
persists for 30 min.

Total Heavy Metal Concentration

For total heavy metal analysis, 1.0 g air dry soil (0.5 mm) was first pre-digested
with 10 mL of concentrated HNO; for overnight. The pre-digested samples were
digested in hot plate by adding 10 mL of di-acid (four parts of HCIO4 and nine
parts of HNO;) till the acid gets evaporated to near dryness. Process was repeated
till the soil residue become whitish by adding di-acid mixture. One mL of HCIO,
was added and the sample was evaporated until the appearance of white fumes. The
residue was dissolved by adding 4.0 mL of 12N HCI (kept for 1 min) and 50 mL of
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double distilled water and kept on sand bath for 4 h. Finally the volume of the
digest was made to 100 mL and filtered by using Watman No. 42 filter paper. The
filtrate was directly fed to ICP-OES for trace metals (Cu, Zn, Cd, Cr, Pb, Ni)
determination. For cross checking the accuracy of the analytical procedure, the
reference standard soil samples were also analysed along with the samples. The
correlation between the observed values and the quoted values of reference sample
came out to be 0.95-0.99.

Determination of Baseline Concentrations of Metals

Baseline concentrations can be determined both numerical and statistical ways, viz,
range and mean =+ standard deviation. In many naturally occurring processes,
population follows a normal distribution where 99% of the population lies within
4 £ 3% g (u=mean, and ¢ = standard deviation) (Feller 1971). Thus baseline
concentration can be defined as range between u + 3 * ¢ and u — 3 * ¢. However,
many investigators found that heavy metal concentrations in naturally occurring
unpolluted soils follow a log-normal distribution (Chen et al. 1999a, b; Zhang et al.
2008). In that case, the geometric mean (GM) and geometric standard deviations
(GSDs) are used to represent the central tendency and variation of the data. Baseline
concentrations of the seven trace metals are defined as the range between
GM/GSD? and GM x GSD? and taking the concentrations between the 5th and the
95th percentiles. This range included 95% of the samples (Dudka et al. 1995; Chen
et al. 1999a, b; Zhang et al. 2008). This method was used to determine the baseline
limit in this experiment.

G
Lower baseline = —— (1)
GSD
Upper baseline = GM x GSD? 2)

where GM means for geometric mean and GSD means for geometric standard
deviation.

Results and Discussion

Soil Characteristics

The important soil properties like soil reaction, electrical conductivity, oxidisable
organic carbon, calcium carbonate and soil particle size were analysed in the lab-
oratory. All the properties are presented in Table 3. The soil reaction of Sehore
district ranged from 6.58 to 8.60 with mean value of 7.7 and for Vidisha district,
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Table 3 Important soil Soil property | Sehore district (no. of | Vidisha district

propertles. of.Sehore and samples = 50) (no. of

Vidisha districts samples = 50)

Range Mean | Range Mean

pH 6.58-8.60 7.7 7.00-8.40 8.00
EC 0.11-0.62 0.3 0.11-1.3 0.30
OC (%) 0.21-1.24 0.6 0.17-1.09 0.60
CaCOs3 (%) 0.5-11.5 4.0 0.2-9.15 2.30
Sand (%) 27.58-66.96 | 38.7 29.6419 |[343
Silt (%) 12.5-29.2 21.1 19.8-31.3 | 24.5
Clay (%) 15.3-59.0 40.2 327475 |41.2

it ranged from 7.0 to 8.4 with a mean value of 8.0. The electrical conductivity of the
Sehore district ranged from 0.11 to 0.62 dS/m whereas, it ranged from 0.11 to
1.3 dS/m for Vidisha district with a mean value of 0.3 dS/m for both the districts.
The organic carbon of Sehore district ranged from 0.21 to 1.24% with mean value
of 0.6% and for Vidisha district, it ranged from 0.17 to 1.09% with a mean value of
0.6%. The percentage of CaCOj; of Sehore district ranged from 0.5 to 11.5% with
mean value of 4.0% and for Vidisha district, it ranged from 0.2 to 9.15% with a
mean value of 2.3%. The sand, silt and clay of Sehore district ranged from 27.58 to
66.96%, 12.5 t0 29.2% and 15.3-59.0%, respectively with mean value of 38.7, 21.1
and 40.2, respectively. The corresponding values for Vidisha district are 29.6—41.9,
19.8-31.3 and 32.7-47.5, respectively with a mean value of 34.3, 24.5 and 41.2%,
respectively.

The soil reactions of Sehore and Vidisha districts ranged from neutral to (6.6) to
alkaline range (8.4). Out of 50 samples of Sehore district, 15 (30%) samples are
under neutral range, 14 (28%) are under mildly alkaline range, 19 (38%) are under
moderately alkaline and only 2 (4%) are under highly alkaline range. For Vidisha
district only 3 (6%) samples are under neutral range, 5 (10%) are under mildly
alkaline range, 42 (84%) samples are under moderately alkaline range. So it is clear
that, 70% of the samples in Sehore and 94% in Vidisha are under alkaline range. It
is not strange to draw the reason for alkalinity as the parent material of these
districts is predominantly basalt which yields black soil on weathering. The EC of
the Sehore (0.11-0.62 dS/m) and Vidisha (0.11-1.3 dS/m) districts were under
safer side as EC of all the samples in both the districts were below 2.0 dS/m, they
are considered to be non-saline soils. The organic carbon content in the soils of
Sehore district, out of 50 samples, 14 (28%) were below 0.5% (low), 24 samples
(48%) were in between 0.5 and 0.75% (medium range) and 12 samples (24%) were
above 0.75% (high). Whereas in the Vidisha district, 18 samples (36%) were at low
category, 25 samples (50%) were in medium range and 7 samples (14%) were at
high range. In the Sehore district 42 samples (84%) at or below 5% and 8 samples
(16%) are above 5% CaCOs5;. Whereas 48 samples (96%) at or below 5% and 2
samples (4%) are above 5% CaCQOj;. The results indicated that mostly these soils are
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non-calcareous in nature. In case of textural classification, mostly they were clayey
or clay loam soils due to high clay content.

Spatial Distribution of Heavy Metals

The concentrations (total) of six heavy metals in the soils of Sehore and Vidisha
districts are presented in the Table 4. The heavy metal concentration range of
Sehore district were 44.0-309.1 ng/g for Cu, 0.1-0.85 pg/g for Cd, 6.06—
26.65 pg/g for Pb, 22.2-102.5 ng/g for Cr, 31-92.5 pg/g for Ni and 31.4—
97.6 pg/g for Zn, with their corresponding geometric mean value of 91.89, 0.27,
16.26, 65.05, 57.34 and 61.97 pg/g, respectively. For Vidisha district, their con-
centrations were 39.55-141.9 pg/g for Cu, 0.20-0.65 pg/g for Cd, 11.33-
23.18 pg/g for Pb, 57.95-62.30 pg/g for Cr, 42.85-69.73 pg/g for Ni and 44.85—
73.70 pg/g for Zn, with their corresponding geometric mean value of 59.67, 0.35,
15.17, 77.27, 53.15 and 55.55 pg/g, respectively. The range of heavy metal con-
centrations in both the districts were 34.3-309.1 pg/g for Cu, 0.1-0.35 pg/g for Cd,
6.06-26.65 pg/g for Pb, 22.2-128.7 pg/g for Cr, 28.1-92.5 pg/g for Ni and 30.9—
109.6 pg/g for Zn. The geometric mean values for concentrations of copper, cad-
mium, lead, chromium, nickel and zinc were 72.56, 0.30, 15.65, 70.68, 55.40 and
58.71 ngl/g, respectively.

A comparison of this study and report generated by McBride (1994) is presented
in Table 5. The higher concentration of copper in the Sehore district is mainly in the
central parts of the district. The extremely high range of copper is much higher than
the report generated by McBride (1994) need to be verified. But, out of 100 soil
samples, 67 samples are less than 80 mg/kg and 33 soil samples are beyond the
aforesaid limit. Regarding the concentrations of Cd and Pb, all the samples lie
within the safe range. For Chromium, all the samples in these two districts lie much
below the upper baseline given by McBride (1994) which is 221 mg/kg. With
regard to the concentration of nickel, 39 samples are below 55 mg/kg and 61
samples are above the natural concentration limit. The concentration of the zinc is
within the permissible limit. The higher concentration of Cu and Ni in these soils

Table 4 The concentration of various heavy metals in Sehore and Vidisha Districts

Heavy Sehore Geometric Vidisha Geometric Total Geometric
metals district mean district mean range mean
(nglg) |V =50 (N =50)

Cu 44.0-309.1 91.89 39.55-141.9 |59.67 34.3-309.1 72.56

Cd 0.1-0.85 0.27 0.20-0.65 0.35 0.1-0.35 0.30

Pb 6.06-26.65 16.26 11.33-23.18 15.17 6.06-26.65 15.65

Cr 22.2-102.5 | 65.05 57.95-62.30 | 77.27 22.2-128.7 | 70.68

Ni 31-92.5 57.34 42.85-69.73 | 53.15 28.1-92.5 55.40

Zn 31.4-97.6 61.97 44.85-73.70 | 55.55 30.9-109.6 | 58.71
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Table 5 Comparison of heavy metals in the uncontaminated soils of world (McBride 1994) and
the present study

References Cu Cd Pb Cr Ni Zn
(mg/kg) (mg/kg) | (mg/kg) | (mg/kg) (mg/kg) (mg/kg)

McBride (1994) | 6-80 0.06-1.1 |10-84 7-221 4-55 17-125

This study 29.6-178.1 |0.1-0.7 10-24.4 |42.7-116.9 |37.5-81.8 |40.4-85.2

Table 6 Baseline concentration of heavy metals (mg/kg) for soils of Sehore and Vidisha

Heavy metals Sehore district Vidisha district Study area

Lower Upper Lower Upper Lower Upper
Cu 36.8 229.6 323 101.5 29.6 178.1
Cd 0.1 0.8 0.2 0.5 0.1 0.7
Pb 9.5 28.0 11.2 20.3 10.0 24.4
Cr 35.4 119.4 57.6 102.3 42.7 116.9
Ni 35.0 94.1 42.8 66.9 37.5 81.8
Zn 38.7 99.2 46.4 66.7 40.4 85.2

might be from parent material or anthropogenic activities. To confirm this, soil
profile study is necessary which is beyond the scope of this article.

Baseline Concentrations of Heavy Metals

The baseline concentrations of six heavy metals in Sehore and Vidisha districts
were estimated and presented in Table 6. The lower and upper baseline limits
(range) of six heavy metals for Sehore district were 36.8 ng/g and 229.6 pg/g for
Cu, 0.1 pg/g and 0.8 pg/g for Cd, 9.5 pg/g and 28.0 pg/g for Pb, 35.4 pg/g and
119.4 pg/g for Cr, 35.0 pg/g and 94.1 pg/g for Ni and 38.7 pg/g and 99.2 pg/g for
Zn. The lower and upper baseline limits (range) of six heavy metals for Vidisha
district were 32.3 ng/g and 101.5 pg/g for Cu, 0.2 pg/g and 0.5 pg/g for Cd,
11.2 pg/g and 20.3 ng/g for Pb, 57.6 pg/g and 102.3 pg/g for Cr, 42.8 pg/g and
66.9 pg/g for Ni and 38.7 ng/g and 99.2 pg/g for Zn. Upper and lower baseline
concentrations of heavy metals for both the districts are 29.6 pg/g and 178.1 pg/g
for Cu, 0.1 pg/g and 0.7 pg/g for Cd, 10.0 pg/g pg/g and 24.4 pg/g for Pb,
42.7 pg/g and 116.9 pg/g for Cr, 37.5 pg/g and 81.8 pg/g for Ni and 40.4 ng/g and
85.2 ng/g for Zn.

The upper baseline concentration for particular metal is considered as maximum
concentration of metal in the soils of the region derived from natural phenomenon,
i.e. weathering of parent material without any human-induced effect. This range is
used for identification of the extent of soil pollution by HMs due to anthropogenic
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Table 7 Correlation coefficients between soil properties and heavy metals

Metal |pH EC oC Sand Silt Clay CaCO;
Cu —0.322%* 0.002 0.008 0.430%* | —0.351%* | —0.243* 0.318%**
Cd 0.18 0.006 0.11 —0.058 0.304** | -0.116 0.058
Pb —0.146 0.027 0.132 | —0.282** | —-0.034 0.312%%* 0.124
Cr —-0.019 —0.003 0.057 | —0.557%*%* 0.041 0.553%* | —0.333%%*
Ni —0.241% 0.032 |-0.003 |-0.202% —0.201* 0.325*%* | -0.015
Zn —-0.102 0.185 0.013 0.218* —-0.187 —0.118 0.183

Note *significant at the 0.05 level; **significant at the 0.01 level

activities. However it is very difficult to derive actual baseline concentration for
these soils, because they are under cultivation for longer period. Therefore to ensure
these baseline concentrations, soil profile samples should be analysed to identify the
contribution of parent materials.

Correlation Coefficient Between Heavy Metals and Soil
Properties

The correlation coefficients between the soil properties and heavy metals were
carried out in the soil samples of Sehore and Vidisha districts. The values of
correlation coefficient are presented in Table 7. While studying the correlation it
was found that the soil pH negatively influenced the total Cu and Ni; sand posi-
tively influenced the total Cu and Zn, negatively influenced the other metals; silt
positively influenced the total Cd and negatively influenced the total Cu and Ni;
clay positively influenced the total Pb, Cr and Ni, and negatively influenced the
total Cu. The CaCOj; content of the soil positively influenced the total concentration
of Cu and negatively influenced total Cr. However this needs to be verified before
establishing to any conclusion by increasing the number of samples.

Conclusions

The soils of both the districts are mostly at alkaline and non-saline range. As the
samples are mostly from the agricultural fields, the organic carbon content is largely
within the medium range. The concentrations of Cd, Cr, Pb and Zn, in all the
samples lie within the safe range but the concentrations of Cu and Ni were little
high, so need more attention as their higher concentrations are harmful to all the
organisms. Identification and analysis of parent materials underlying the soil profile
must be examined to know, if they are the main contributor for heavy metals.
Correlation between the soil properties and heavy metals should also be carried not
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only for surface soils but also for the deeper layers. This kind of information
contributes to identify the extent of soil pollution due to anthropogenic activities
and also for more effective management of soil contaminated with heavy metals.
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Associative Study of Aerosol Pollution,
Precipitation and Vegetation in Indian
Region (2000-2013)

Manu Mehta, Shivali Dubey, Prabhishini and Vineet

Abstract The correlations between absorbing aerosol index (AAI), precipitation
and Normalised Differential Vegetation Index (NDVI) have been shown in this
study for the Indian region annually and seasonally (winter, pre-monsoon, monsoon
and post-monsoon) from 2000 to 2013. Daily Aerosol Index has been obtained
from OMAERov003 product provided by OMI-Aura sensor, daily precipitation
used in this study is gridded IMD product, both at a spatial resolution of
0.25° x 0.25°. NDVI obtained from MISR Level 3 Component Global Land
product at a spatial resolution of 0.5° x 0.5° has been used as an indicator of
vegetation cover. Annually and seasonally, the three parameters have been found to
be highly, moderately or slightly correlated. The study has been reported at a
confidence level of more than 95% (p-value <0.05).

Keywords Aerosol index + OMI - Precipitation - NDVI - Correlation

Introduction

Aerosols are colloidal particles of sub-micron dimension suspended in condensed
form in air or other gasses in solid or liquid state. In the last few decades, aerosol
pollution has altered hydrologic cycle at regional and global scales. This has been
mainly due to the aerosol radiative forcing induced by absorbing or scattering solar
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radiation in the Earth’s atmosphere. At the same time, aerosols provide Cloud
Condensation Nuclei for the water evaporated from the Earth’s surface. The
aforementioned phenomena may either intensify or abate precipitation which may
in-turn affect vegetative greenness and distribution. As a result, study of influence of
aerosol—cloud interaction has gained momentum in the last decades. At the same
time, anthropogenic absorbing aerosols cause direct radiative forcing which alters
Earth’s hydrological cycle and hence influences precipitation rates temporally and
spatially (Wang et al. 2001). In Indian region, many studies have been performed to
analyse the impact of aerosols (mainly absorbing) on precipitation during summer
monsoon. The region where there has been increase in absorbing aerosols in the air
due to anthropogenic activities is mainly Indo-Gangetic plain. In an attempt to study
aerosol—cloud interaction along this region, Tripathi et al. (2007) found maximum
correlation coefficient between aerosol optical depth (AOD) and cloud effective radii
(CER) in winter season. However, spatially high values of correlation coefficients
were found in monsoon season. Further, according to the review provided by
Ramachandran et al. (2013), it was found that a weak positive correlation of 0.16
existed between absorbing aerosol index and precipitation and a weak negative
correlation of —0.07 between absorbing aerosol index and Cloud Effective Radii
during summer monsoon (2001-2010).

Also, studies have found that precipitation along with temperature, land use/land
cover dynamics, soil moisture, rate of evapotranspiration, etc. have a direct influ-
ence on the vegetative growth and forest cover. From normalised differential
vegetation index (NDVI), one can interpret plant health, growth and spatial dis-
tribution. The study on influence of pollutants on NDVI (Sarkar and Kafatos 2004)
has found that aerosols (Aerosol Index) have local impact on NDVI and is mainly
concentrated along the major industrial belts of the country. Findings by Prasad
et al. (2007) have shown that negative correlation exists between NDVI and pre-
cipitation in the Indo-gangetic plain for 10 years (1990-1999), which is a highly
polluted region. A similarity was found between the spatial distribution of NDVI
and the advancement of monsoon over the country, with the two parameters (NDVI
and precipitation) being highly correlated during monsoon and post-monsoon
(Revadekar et al. 2012) for the period between 1981 and 2010. High correlation
coefficient values between these parameters has been obtained during monsoon
season (2000-2013) using both satellite and ground measurements (Mehta and
Dubey 2015).

With the aim to understand association between the parameters viz., AAIL, NDVI
and precipitation, the study presents the seasonal (pre-monsoon, monsoon,
post-monsoon and winter) and annual correlation coefficients between them. As the
analysis is seasonal, the results would primarily pertain to rain-fed agriculture and
forests.



Associative Study of Aerosol Pollution, Precipitation ... 149

Datasets Used

Multi-angle imaging spectro-radiometer (MISR) on-board Terra satellite measures
intensity of solar radiation from the Earth’s surface and atmosphere in different
directions and spectral bands. Component global land surface (CGLS) product
provides NDVI data at a spatial resolution of 0.5° x 0.5° (Diner et al. 2008).

Daily rainfall data, provided by National Data Center (NDC), IMD Pune, at a
spatial resolution of 0.25° x 0.25° has been used for ground measurements. This
data has been generated by IMD by interpolating (using method proposed by
Shepherd 1968) the precipitation reported by around 6000 rain gauge stations into
gridded format.

Level 3 global 0.25° x 0.25° gridded UV Aerosol Index from the Aura ozone
monitoring instrument (OMI) from 2005 to 2013 is used in the study. Positive
values of UVAI (>0.2) represent absorbing aerosols, negative values (<—0.2) rep-
resent small non-absorbing aerosols, (pure scattering), while near values (£0.2)
represent the presence of clouds or larger non-absorbing or scattering particles
(Torres et al. 2007).

Results

All correlations have been performed using analysis of variance (ANOVA) method
in MATLAB. Before performing the correlations, the datasets were brought to
similar resolutions by performing Nearest Neighbour Interpolation using Erdas.
Overall, a negative correlation exists between annually and seasonally averaged
absorbing aerosol index (AAI) and precipitation over the entire country (Fig. 1).
A strong negative correlation has been found during pre-monsoon season (—0.55),
on the other hand, the correlation is weak during monsoon season (—0.25). The

-0.3 Winter
-0.35 Post-monsoon
-0.25 Monsoon
-0.55 Pre-monsoon
-0.45 Annual
-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

Fig. 1 Correlation coefficients between absorbing aerosol index (AAI) and precipitation
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-0.43 Post-monsoon
-0.53 Monsoon
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Fig. 2 Correlation coefficients between absorbing aerosol index (AAI) and NDVI

-0.27 Winter
Post-monsoon 0.45
Monsoon 0.48
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-0.4 -0.2 0 0.2 0.4 0.6

Fig. 3 Correlation coefficients between NDVI and precipitation

findings indicate that absorbing aerosols could have suppressed precipitation over
the last decade but one cannot limit the implication here.

Again, a negative correlation exists between annually and seasonally averaged
absorbing aerosol index (AAI) and NDVI over the entire country (Fig. 2). This is
indicative of the fact that NDVI could be directly influenced by precipitation
(Fig. 3). Findings show highest correlation coefficient between AAI and NDVI
during monsoon season (—0.53) and least during winter season (—0.31).

Positive correlations exist between NDVI and precipitation annually as well as
for all seasons except winter (Fig. 3). During winter, factors other than precipita-
tion, such as temperature, soil moisture, land use—land cover dynamics influence
vegetative cover significantly (Mehta and Dubey 2015; Revadekar et al. 2012;
Nischitha et al. 2014; Mehta and Dubey 2015). Strong correlation has been
observed annually (0.51) and during monsoon season (0.48).
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Conclusion

Absorbing aerosol index is negatively correlated with both precipitation and NDVI,
signifying that absorbing aerosol pollutants have suppressed the above two
parameters in the last decade. Aerosol forcing has maximum influence on precip-
itation during pre-monsoon (Correlation Coefficient = —0.55) and on NDVI during
monsoon season (CC = —0.53). Also, positive correlations exist between NDVI
and precipitation except for winter season (—0.27), confirming to other
NDVI-precipitation interaction studies mentioned in the paper. This signifies that in
the major part of a year, precipitation directly influences NDVI. Since, not all
correlations are strong, the study could be extended further by taking into con-
sideration other important climatic as well as anthropogenic factors such as tem-
perature, evapotranspiration rate, humidity, land use/land cover dynamics, etc.
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Fuzzy Logic Based Performance
Evaluation of EIA Reports
for Hydroelectric Projects

Purbashree Sarmah and Arvind K. Nema

Abstract The performance evaluation of Environmental Impact Assessment is a
difficult multi-dimensional process because the decision-making not only considers
the technical facts but also the subjective values. Decision-support method like Fuzzy
Logic Toolbox helps decision makers to bring equilibrium between facts and values.
In this paper, an effort to make a better framework for EIA reports of Hydroelectric
Projects is undertaken. Attributes considered are identification of issues and scoping,
baseline conditions, alternatives, impact identification and prediction, risk assess-
ment, mitigation, documentation, public participation and monitoring plan. Quality is
defined through five parameters viz. Excellent, Good, Moderate, Poor and
Inadequate. With the help of Fuzzy Logic Toolbox in MATLAB, different expert
rules are made. Attributes are taken as inputs and the parameters are taken as
membership functions. Ranges are defined for different parameters. Five EIA reports
for hydropower projects from different locations of Northeastern India are selected
and compared. Scores are given to the EIA reports for different hydropower projects.
Suggestions for future improvements are provided.

Introduction

Environmental impact assessment (EIA) is a planning and management tool that is
used for the determination of consequences of developing projects. For avoiding or
reducing the negative impacts of a project which is in planning phase, EIA is a very
effective method (Ahammed and Nixon 2006). For a better and sustainable devel-
opment of environment, EIA presents a systematic analysis and assessment process
of planned activities (Glasson et al. 1999). Brilliant environmental decision-making
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can be made with the help of a good EIA. EIA review is the key procedure for quality
control of EIA. The high quality EIA report can help in effective transformation of
EIA strategy into practice. However, a good-quality EIA report is rare in reality.
There are various drawbacks remained in the EIA system even after the project is
started. EIA expert committee members, approval authorities, project proponents,
NGOs and consulting professionals, reveals various drawbacks which include;
inadequate capacity of EIA approval authorities, deficiencies in screening and
scoping, inadequate public participation and feeble monitoring (Panigrahi and
Amirapu 2012). Different frameworks for formation of a good EIA report are made
by different scholars and institutions/agencies like European Union, World Bank,
etc. In India, the first EIA comes under Environment Protection Act 1986. Although
the Environmental Impact Assessment Notification, 2006 and its amendments by the
Ministry of Environment and Forest set certain guidelines for EIA practice in India,
these guidelines are not enough for preparing a Good EIA report. The contemporary
EIA practice is facing several challenges (Rao and Ramana 2008). In Sarmah et al.
(2015), nine attributes and their respective criteria are considered for EIA reports. On
the basis of these criteria, general rules are made for EIA reports with five quality
parameters viz. Excellent, Good, Moderate, Poor and Inadequate.

In this paper, particularly EIA reports on hydroelectric projects are selected from
Northeastern part of India and expert rules are applied on them to find the quality of
the report. Expert rules are made from expert knowledge to use and control of
domain knowledge (Modak and Biswas 1999). These are prepared from general
rules with specialized thinking. This is creation of the coherent human thought
process. Expert rules make the decision-making easier. Fuzzy logic (Zadeh 1996) is
a tool which is able to compute with words. It is used for modeling qualitative human
thought processes in the study of complex methods and decisions. In Fuzzy logic,
the ‘IF-THEN’ Fuzzy rules represent the qualitative sensitivity based reasoning.

Fuzzy inference is the process of creating the mapping from a given input to an
output using Fuzzy logic. According to Fuzzy Logic Toolbox User’s Guide (2015),
Fuzzy inference process comprises of five parts

Fuzzification of the input variables.

Application of the Fuzzy operator (AND or OR) in the antecedent.
Implication from the antecedent to the consequent.

Aggregation of the consequents across the rules.

Defuzzification.

Objectives and Scope

The objectives of the paper are

e To review EIA of hydroelectric projects considering different criteria for
attribute.
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e To generate expert rules using Fuzzy Logic toolbox.
e (Case studies taking five hydroelectric projects of Northeastern states of India.
e To make conclusions and give some improvements suggestion for future.

The scope of the paper is limited to only five river valley projects of the
Northeastern states of India. All these projects are developed to harness solitary the
hydroelectric potential of the rivers. Five hydroelectric projects selected from
Northeastern India are Demwe Lower Hydroelectric Project, Arunachal Pradesh,
Dibbin Hydroelectric Project, Arunachal Pradesh, Pauk Hydroelectric Project,
Arunachal Pradesh, Ting Ting Hydroelectric Project, Sikkim and Heo Hydroelectric
Project, Arunachal Pradesh. There are lots of other hydroelectric projects in
Northeastern India for which the EIA reports can be reviewed and compared.

Methodology

From the previous work of Sarmabh et al. (2015), attributes for hydroelectric projects
considered are identification of issues and scoping, baseline conditions, alternatives,
impact identification and prediction, risk assessment, mitigation, documentation,
public participation and monitoring plan. Quality is defined through five parameters
viz. Excellent, Good, Moderate, Poor and Inadequate. Different criteria are iden-
tified which fall under the defined parameters. These criteria are specifically
objective types which are derived from subjective criteria of various literature
sources. These criteria are useful to make a new criteria list for a specific project
work and also give scope to make expert rules.

Fuzzy Logic Based Expert Rule System

In this paper, an attempt to propose an integrated decision support framework that
employs Fuzzy logic (FL) to manipulate the subjectivity as decision makers do in
appraising the facts and values is done. Finally, the proposed approach is applied to

Expert_rule

(mamdani)

ey

Fig. 1 Fuzzy logic based expert rule system for hydroelectric project
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the EIA reports of hydroelectric projects, exemplified in five case studies of the
Northeastern hydroelectric projects. An expert rule system for nine attributes of
hydroelectric project is made by using Fuzzy logic. Mamdani is taken as Fuzzy
inference system. Figure 1 shows the Fuzzy logic based expert rule system.

In the expert rule system, nine attributes are considered as inputs and final report
is taken as output. Quality parameters are taken as membership functions. The
membership functions are taken as Inadequate/Poor, Moderate and Good/Excellent
to make the expert rule easier. Ranges are defined for different parameters. For
attributes, range is taken as 0—10 as shown in Fig. 2a and for final report, range is
taken as 0-90 as shown in Fig. 2b.

If-Then rules are made in Fuzzy Logic system, where the antecedent of the rule
has nine parts from nine attributes. All parts of the antecedent are calculated
simultaneously and resolved to a single output. For example, rule no. 1 is given
below:

Rule 1: IF attribute 1 is Inadequate/Poor AND attribute 2 is Inadequate/Poor
AND attribute 3 is Inadequate/Poor AND attribute 4 is Inadequate/Poor AND

plt ports:

Membership function plots

Inadequate/Poor Moderate Good Excellent
15

0 1 2 3 4 5 6 7 8 9 10
input variable "attribute1”
(a) Range for quality of attributes

it pouts

Membership function plots

Inadequate/Poar Moderate Good/Excellent

15

0 10 20 30 40 50 60 70 80 90
output variable "FinalReoprt”

(b) Range for quality of final report

Fig. 2 a Range for quality of attributes. b Range for quality of final report
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attribute 5 is Inadequate/Poor AND attribute 6 is Inadequate/Poor AND attribute 7
is Inadequate/Poor AND attribute 8 is Inadequate/Poor AND attribute 9 is
Inadequate/Poor THEN final report is Inadequate/Poor.

Result and Discussion

Five hydroelectric projects are selected from the Northeastern Part of India. These
projects are

Demwe Lower Hydroelectric Project, Arunachal Pradesh (1750 MW).
Dibbin Hydroelectric Project, Arunachal Pradesh (120 MW).

Pauk Hydroelectric Project, Arunachal Pradesh (145 MW).

Ting Ting Hydroelectric Project, Sikkim (99 MW).

Heo Hydroelectric Project, Arunachal Pradesh (240 MW).

Nk

Quality of the EIA reports of these five hydroelectric projects is assessed. Expert
rules are made by using Fuzzy Logic. Scores are given to different attributes and
final score is obtained from Fuzzy Logic System for all the five EIA reports.

Demwe Lower Hydroelectric Project, Arunachal Pradesh

Project Description

Under this development, a concrete gravity dam is proposed to be constructed near
village Mompani on Lohit river in Lohit District of Arunachal Pradesh. The EIA
report has been prepared by CISMHE, University of Delhi in July, 2009.

Physical Features

The project is located at the foothill of Lohit basin. The project is located about
800 m upstream of Parasuram Kund bridge on NH 52 and falls in Lohit district with
reservoir extending into Anjaw district of the State of Arunachal Pradesh. The
project area can be accessed from Dibrugarh airport, which is about 550 km from
Guwabhati airport. The project site is about 215 km from Dibrugarh. A surface
power house is proposed on the right bank of Lohit river to accommodate five
numbers of vertical Francis turbines of 342 MW each.

Catchment area: 20,174 km?.

Storage at maximum water level: 516.38 MCM.

Height of dam: A concrete gravity dam of 163.12 m height above deepest foun-
dation level.
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Table 1 Quality of nine attributes for DEMWE hydroelectric project EIA report

Attributes 1 2 4 5 6 7 8 9
Quality G/E G/E G/E /P M G/E 1/p M
where
G/E Good/excellent
M Moderate
1/P Inadequate/poor
attribute! =7 attribute2 =8  attribuwted =0 attrbuted =7  atribute5 =0 atributef =5 atributeT =75 atributed =1  atributed =5
Final_recprt = 71.9
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Fig. 3 Scoring for final EIA report of DEMWE hydroelectric project

Design discharge: 1729 cumecs.
Design head: 112 m.
Capacity: 1750 MW.

Performance Evaluation

Quality of nine attributes for Demwe hydroelectric project EIA report are marked as
shown in Table 1. Putting these qualities in Fuzzy Logic system and giving score to
nine attributes, the final score of the EIA report is evaluated. Figure 3 gives the
scoring for final EIA report of Demwe hydroelectric project.

Dibbin Hydroelectric Project, Arunachal Pradesh

Project Description

The Dibbin Project is a run of river project with diurnal storage located on the
Bichom River in the West Kameng district of Arunachal Pradesh. The EIA report
has been prepared by WAPCOS Centre for Environment.
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Physical Features

The dam site of the proposed Dibbin hydroelectric Project is located in the upper
reach of river Bichom just downstream of confluence of Bichom Chu with Difya.
The dam site is approachable through PWD road from Rupa up to Nafra and then a
foot path of about 15 km up to Dibbin village. Power house site is located near
Nachibin village. Nafra is connected to Rupa town by a PWD road. The nearest
airport is at Tezpur.

Catchment area: 630 km?.

Gross storage capacity: 7.085 MCM.

Height of dam: A concrete gravity dam of 92 m height above deepest foundation
level.

Discharge capacity: 7380 cumecs.

Capacity: 120 MW.

Performance Evaluation

Quality of nine attributes for Dibbin hydroelectric project EIA report are marked as
shown in Table 2. Putting these qualities in Fuzzy Logic system and giving score to
nine attributes the final score of the EIA report is evaluated. Figure 4 gives the
scoring for final EIA report of Dibbin hydroelectric project.

Table 2 Quality of nine attributes for DIBBIN hydroelectric project EIA report

Attributes 1 2 3 4 5 6 7 8 9
Quality G/E G/E /P G/E M M M 1/P M
where
G/E Good/excellent
M Moderate

1/P Inadequate/poor

attribute] = 8 i =8 i =1 ibuted = & i =5 ib =5 aftributeT =6 atribwe8 =2 attribute8 = §

Final_reoprt = 45

Fig. 4 Scoring for final EIA report of DIBBIN hydroelectric project
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Pauk Hydroelectric Project, Arunachal Pradesh

Project Description

Pauk H.E. Project is the most upstream one of the cascade of three projects
developed by Velcan Energy Group in the Mechuka subdivision of West Siang
district of Arunachal Pradesh. The nearest township from the project is Mechuka,
located 15 km upstream of the dam site. The EIA report has been prepared by
CISMHE, University of Delhi in May 2014.

Physical Features

The Pauk HE project is proposed to harness the potential in Yarjep River which is a
major tributary of river Siyom, forming a part of Brahmaputra river system. The
project area is a steep mountainous area at an average elevation of 1000—1600 m.
Geographically dam site is located between 94° 14’ 43"E longitude and 28° 32" 46"
N latitude near Chengrung village. From the project site, the nearest operational
airport is around 522 km, located at Likhabali in North Lakhimpur district of Assam.

Catchment area: 982 km?.

Storage at maximum water level: 2820 cumecs.

Height of dam: A concrete gravity dam of 105 m height above deepest foundation
level.

Design discharge: 121.65 cumecs.

Design head: 105 m.

Capacity: 145 MW.

Performance Evaluation

Quality of nine attributes for Pauk hydroelectric project EIA report are marked as
shown in Table 3. Putting these qualities in Fuzzy Logic system and giving score to
nine attributes the final score of the EIA report is evaluated. Figure 5 gives the
scoring for final EIA report of Pauk hydroelectric project.

Table 3 Quality of nine attributes for PAUK hydroelectric project EIA report

Attributes 1 2 3 4 5 6 7 8 9
Quality G/E G/E G/E G/E M G/E G/E G/E M
Where
G/E Good/excellent
M Moderate

1/P Inadequate/poor
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attribute] = 9.5 attribute2 = 10 atiribute3 =9  atiributed = 9.5 attribute5 =6 atiributef = 8.5 atiributeT = 8.5 attribute8 =8.5 atiributed =6

Final_reoprt = 74.2

Fig. 5 Scoring for final EIA report of PAUK hydroelectric project

Ting Ting Hydroelectric Project, Sikkim

Project Description

The Ting Ting HEP located in West Sikkim envisages the utilization of the flow of
Rathong Chhu a tributary of Rangit River for the generation of electric power.
The EIA report has been prepared by RS Envirolink Pvt. Ltd. in August, 2010.

Physical Features

The project is located on the Rathong Chhu stream near the Yuksom village in West
district of Sikkim. The project is proposed to have a 55 m high Dam across approx-
imately 9 km upstream of Rathong Chhu’s confluence with Rangit River; a 2.14 km
head race tunnel and a surface power station with two Vertical Francis Turbine-driven
generating units each of 49.5 MW (2 x 49.5 MW) aggregating to 99 MW.

Catchment area: 372 km®.

Storage at maximum water level: 0.46 MCM.

Height of dam: A concrete gravity dam of 55 m height above deepest foundation
level.

Design discharge: 46.13 cumecs.

Capacity: 99 MW.

Performance Evaluation

Quality of nine attributes for Ting Ting hydroelectric project EIA report are marked
as shown in Table 4. Putting these qualities in Fuzzy Logic system and giving score
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Table 4 Quality of nine attributes for TING TING hydroelectric project EIA report

Attributes 1 2 3 4 5 6 7 8 9
Quality G/E G/E /P G/E M G/E G/E M G/E
where
G/E Good/excellent
M Moderate

1/P Inadequate/poor

attribute! =8 attribute2 =9 atiribute3 =0  atiributed =8 attibute5=4  aftribute6 =8  atiribute7 =7.5 attributed =5  attributeS =8

Final_recprt = 72.7
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Fig. 6 Scoring for final EIA report of TING TING hydroelectric project

to nine attributes the final score of the EIA report is evaluated. Figure 6 gives the
scoring for final EIA report of Ting Ting hydroelectric project.
Heo Hydroelectric Project, Arunachal Pradesh

Project Description

Heo H.E project is the middle project of the cascade of three projects developed by
Velcan Energy in the Mechuka subdivision of the West Siang district of Arunachal
Pradesh. The EIA report has been prepared by CISMHE, University of Delhi in
May, 2014.

Physical Features

The Heo HE project is proposed to harness the power potential in Yarjep River (Shi
Shito) which is a major tributary of river Siyom, forming a part of Brahmaputra
river system. The nearest township from the project is Mechuka, located 19 km
upstream of the barrage site. The project area can be approached through a
motorable road up to barrage site, and then by foot tracks from the Tato-Mechuka
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road. The project falls in a mountainous area at an average elevation of 1000-
1500 m.

Catchment area: 1065 km?.

Active storage: 0.15 MCM.

Height of barrage: 16 m height above river bed level.
Design discharge: 130.23 cumecs.

Design net head: 201.8 m.

Capacity: 240 MW.

Performance Evaluation

Quality of nine attributes for Heo hydroelectric project EIA report are marked as
shown in Table 5. Putting these qualities in Fuzzy Logic system and giving score to
nine attributes the final score of the EIA report is evaluated. Figure 7 gives the
scoring for final EIA report of Heo hydroelectric project.

Final scores for all the hydroelectric projects are obtained from Fuzzy logic
toolbox. Demwe Lower Hydroelectric Project, Arunachal Pradesh gets a score of
71.9 out of 90, Dibbin Hydroelectric Project, Arunachal Pradesh gets a score of 45
out of 90, Pauk Hydroelectric Project, Arunachal Pradesh gets a score of 74.2 out of

Table 5 Quality of nine attributes for HEO hydroelectric project EIA report

Attributes 1 2 3 4 5 6 7 8 9
Quality G/E G/E G/E G/E M G/E G/E G/E M
where
G/E Good/excellent
M Moderate

1/P Inadequate/poor

attributed = 9.5 attibute2 = 10 attibute3 =9 attributed = 9.5 attribute5 =6 atributef = 8.5 attributeT = 8.5 attribute8 =8.5 atributed = 6

Final_reoprt = 74.2
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Fig. 7 Scoring for final EIA report of HEO hydroelectric project
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90, Ting Ting Hydroelectric Project, Sikkim gets a score of 72.7 out of 90 and Heo
Hydroelectric Project, Arunachal Pradesh gets a score of 74.2 out of 90. Among all
the reports, Diibbin hydroelectric project gets the least score. So, changes should be
made accordingly in order to make the EIA report better. The other reports are in
the Good/Excellent quality range. Both Pauk and Heo hydroelectric project have
the highest score.

Conclusion

The quality of an EIA should be such that it should make some change in a better
way, i.e. it should improve the environmental sustainability and should help in
better decision-making. The decision-making on sanction of environmental impact
assessment (EIA) is basically a difficult multi-dimensional process because it
considers both the scientific facts and qualitative analysis. Since, Fuzzy Logic based
expert rule system is able to give final scores on the quality of the EIA report,
therefore it can be taken as an assessor of the effectiveness of EIA reports not only
for hydroelectric projects but also for other projects.

The framework is composed of the Fuzzy logic providing the following benefits:

e Enabled to handle dependence problems among attributes and
e It is empowered with subjective assessment modeled by Fuzzy logic to link the
space between scientific facts and the fulfillment of social values and beliefs.

Although the proposed approach has been demonstrated by case studies of five
northeastern states’ hydroelectric project, further investigation is needed in the
future, including the involvement of additional specialists to refine Fuzzy rules and
the use of statistics instead of experts’ judgments to define the dependence among
attributes.
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Assessment and Prediction
of Environmental Noise Generated
by Road Traffic in Nagpur City, India

Sameer S. Pathak, Satish K. Lokhande, P.A. Kokate
and Ghanshyam L. Bodhe

Abstract The main intention of research is to quantify and predict the noise level
due to heterogeneous traffic conditions at critical junctions and highways. A study
was carried out to assess the existing status of noise levels and its impacts on the
environment with a possibility of further expansion of the city. Vehicular traffic
noise levels measured during peak and non-peak hours at all selected locations were
higher (71-76 dBA and 69.3-76.3 dBA) than the prescribed limits. The recognized
amount of traffic and with the help of road geometry data, prediction of noise level
is performed using modified Federal Highway Administration (FHWA) model, and
the computed noise was compared with the measured one for assuring the relevance
of this model for prediction of forthcoming noise. The outcome received from this
model was nearer to the observed noise level, having a percentage error of +3%,
the best fit lines generated between them gives R” of 0.457. In this study measured
and computed noise exposure levels were depicted with the help of contour maps.
Octave band spectral analysis reveals that the interrupted traffic flow is above the
free flow traffic and realized that the contribution of two wheeler and cars/jeep are
mainly responsible for a generation of noise level at both the lower and higher
frequencies, it also signifies that the FHWA model is convenient to be used for
Indian circumstances.

Introduction

India has emanated as a rapidly developing economy, ensuing swift industrializa-
tion and urbanization, the increment in vehicles can produce a life-threatening
noise. (Tripathi et al. 2006), The vehicles reported in India enhanced from around
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0.3 million in 1951 to almost 142 million in 2011 (MoRTH Gol 2013) an increase
of 7.7% annually as against a population growth of 3.8% during the same period.
The annual growth was even faster at 10% during the period of 2001-2011
(CSTEP). The root age of environmental noise in our daily life is mainly concerned
with the increasing urbanization and the development of transportation sector
within metropolitan cities (Kaklauskas et al. 2009; Shukla et al. 2009; Akgungor
et al. 2008; Daunoras et al. 2008; Jovic and Doric 2010). The significant factor for
inflation of noise in the urban region is vehicular traffic contributing to almost 55%
of the entire noise. (Omidvari and Nouri 2009; Banerjee and Chakraborty 2006;
Goswami 2009). Several previous studies on traffic noise resolve the major source
of noise existing in the urban areas. It is a dominant source of a nuisance both in the
developed and developing nations. Tremendous noise can affect the health of the
people living proximity to road junctions and busy highways. It disturbs the quality
of life in urban areas; this is due to rapid growth in vehicular traffic (Patel et al.
2006; Alam et al. 2001; Calixto et al. 2003; Cowan 1994; Rylander et al. 1976).
Therefore, an environmental assessment of traffic noise is more complex in Indian
cities regarding the conglomeration in a traffic situation, having different vehicle
category, congestion, road geometry and deficiency of traffic sense. (Kalaiselvi and
Ramachandraiah 2010; Wani and Jaiswal 2010)

Background of Nagpur City

Nagpur, the orange city, is a tertiary largest city and the second capital of the Indian
state of Maharashtra; and being virtually at the geographical centre of India. All
large-scale highways and railways are going through this city, it is at the colligation
of two National Highways, NH-6 and NH-7 and also associated to all Metropolitan
of India by air routes. This has ensued the city being a major trade and trans-
portation center. Accelerated urbanization specifies the level of expansion of any
region affecting an enormous increase in motor vehicles, which affects the envi-
ronment to a significant amount. The entire length of roads in the city is 1907 km
having the major road is about 500 km, and other were interior roads (Indo-USAID
2006). In the Nagpur district, the population is heavily focused in the city, which
prevails the urban scene, the trend of urbanization in Nagpur district is shown in
Fig. 1, Nagpur nearly half of the total population of the district lives in Nagpur
(Bhonsle 2010).

The vehicles in Nagpur city have sprung up at a degree of 8.00% per annum
during 2009-2012 as depicted in Fig. 2. The contribution of scooter/motorcycle
endured at 83.6% to 82.6 during that span. On the other hand, the share of cars and
jeeps which were at 9.38% in 2009 goes to 10.08% in 2011. On an average, the
share of two wheeler taking over a dominant role in the traffic of Nagpur city
(Aparajit 2012; Deo 2014).
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Noise Prediction

In order to meliorate the assessment of traffic noise for obstructed as well as free
flow traffic, the prediction model is required to evaluate the interaction between
characteristics of traffic and emission levels of noise for better projection of a future
situation based on the study of present trends (Ugbebor et al. 2015). Most of the
countries have developed their traffic noise prediction models according to their
traffic and environmental conditions, such as Burgess model (1977) in Sydney
(Australia), Griffith and Langdon Model (1968), CSTB (Centre Scientifique et
Technique du Batiment) model was formulated by the French, CoRTN (Calculation
of Road Traffic Noise) model (1975) has been developed by the Transport and Road
Research Laboratory and the Department of Transport of the United Kingdom, the
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RLS90 (Richtlinien fiir den Larmschutz an Straben) traffic noise model in Germany,
the Statens Planverk 48 model in Scandinavia, Nouvelle Methode de Prevision de
Bruit or simply NMPB-Routes-96 model in French, ASJ model in Japan, The
Italian Research Institute developed a TNM, the “CNR” model (Consiglio
Nazionale delle Ricerche) and the GIS based road traffic noise prediction model was
drawn up in China (2002) (Rajakumara et al. 2008).

Anti-noise legislations, major highway control ordinances and other govern-
mental policies that pertain environmental noise control strategies, however, could
not be diminished noise annoyance without a prior assessment and prediction.
Hence, it’s mandatory to control noise earlier; it crosses an alarming stage. In this
paper, endeavor has been made to judge the traffic noise level in selected areas of
Nagpur city and performed noise prediction using modified Federal Highway
Administration Agency (FHWA) model and compare the estimated noise with the
measured one for assuring the relevancy of the model.

Materials and Methods

Study Area

With a probability of further elaboration of the city, a comprehensive survey was
carried out at numerous junctions and arterial roads in Nagpur city including heavy
traffic jam as well as free flow traffic in the morning and evening hours.
Subsequently, nine locations were selected including six junctions and three
highways namely Medical square (J1), Ram Nagar square (J2), Indora square (J3),
RBI square (J4), Jagnade square (J5), HB Town square (J6); Amravati road (H1),
Wardha road (H2) and Chinwada road (H3) which lies between 21° 05’ and 21° 11’
N latitude and 79° 00’ to 79° O8'E longitude as illustrated in Fig. 3.

Fig. 3 Map showing study area of Nagpur city for noise monitoring
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Evaluation of Traffic Noise

Measurement of traffic noise was accomplished at all the selected nine locations
across the Nagpur city, in which six stations are the heavily populated junctions,
while the remaining three are the highways passing towards outside of the city.
Measurements of different parameters at each site and gathering of data were
executed for one hour at two different peak time intervals in the morning (10:00-
11:00 am) and evening (6:00-7:00 pm). Traffic noise was recorded using the sound
level metre CK: 172B Optimus Green (Cirrus, UK) as per Indian standards with fast
response mode having “A” frequency weighted and data logging of 1s time interval,
the definitive range of the equipment is of 20-140 dBA. During noise assessments,
the data collection in the field was accomplished in accordance with the recom-
mendations of national and international agencies. The microphone of the device
was located at a distance of 3.5 m from the road edge and placed at the height of
1.2-1.5 m from the land. In order to eradicate the consequence of interference due
to building reflections, noise exposure levels are measured 1 m away from the
structures.

Data Extraction

Noise metre was mounted on a stand and placed away from the road in order to
receive a valuable estimation of noise. Investigation of traffic volume was achieved
continuously for one hour manually at all chosen sites and are classified into six
categories (scooter/motorcycle, car/jeep/van, auto rickshaw, light commercial
vehicles, heavy truck, and buses) based on the necessity of our study. Average
speed for each category of vehicles was calculated by specifying two points on the
road at well-known distance, note down the entry and exit time for each category of
vehicles at beginning and end marking points, by dividing the known distance with
time difference between those points, speed in km/h for each vehicle classes were
estimated. The structure of road consisting of geometrical parameter, category,
traffic lanes, road situation was also considered in the study. The distance of noise
equipment from the midpoint of road for locations Medical square, Ram Nagar
square, Indora square, RBI square, Jagnade square, HB Town square; Amravati
road, Wardha road and Chinwada road were around 24.5, 9, 10.5, 18, 14.5, 17,
10.5, 15 and 15.5 m respectively.
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Traffic Noise Modelling

The prediction of noise is achieved by applying modified FHWA model in
accordance with Indian contexts. Traffic noise can be forecasted based on single
vehicle noise, volume and speed of vehicles, observer distance from the source and
other correlation coefficients. FHWA model distributes noise level through a series
of adjustments to the reference sound level assessed via sampling stations; the
equation for traffic noise prediction algorithm is shown below. (Bhattacharya et al.
2001)

Leq = Lo + AL, (1)

where

Lo reference noise level of a stream of vehicles;
ALi adjustment applied.

The expression for well-defined FHWA model is given below.
Legi = Lo +Avs +Ap + As, (2)

where

Leqi hourly equivalent noise for each category of vehicle;
Ly reference energy mean emission level;

Ays volume and speed correction;

Ap distance correction;

Ag  ground cover correction.

The FHWA model computes noise level through a series of adjustments which
are discussed individually as shown (Nirjar et al. 2003).

Reference Energy Mean Emission Level

It is the noise level emitted by each of six classes of vehicles; the reference noise
level was calculated using the individual noise emission equation for various cat-
egories of vehicle.

Volume and Speed Correction

Ays = 10 logyy(DoV/S) — 25, 3)
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where
Dy—reference distance; S—speed in km/h; V—volume of traffic in each class of
vehicle (veh/h)

Distance Correction

Ap = 10 log,o(Do/D)" %, (4)

where
Dgy—reference distance considered as 15 m in FHWA model; D—distance from
the centre of the line to the equipment position; c—ground cover coefficient.
Equivalent noise for each category of vehicle is estimated using Eq. (2) and then
logarithmically compute the total hourly L.,, the combined L is the logarithmic
summation of the emission value having each category of vehicles using below
expression

Leq = 10 log Y  10"4/10 (5)

Results and Discussions

Data Analysis

Traffic noise induced due to interrupted and uninterrupted flow registered at chosen
junctions and highways is presented in Table 1. The perception of study area and
data gathered during assessment are analytically scrutinized and discussed in this
segment.

The sustainable noise parameters such as average equivalent noise, Lo, Lso and
Lo (indicates that the noise levels exceeded 10, 50 and 90% of the measurement
period) were recorded to resolve the degree of noise at selected regions.

During estimation of L., prevailing parameters like degree of variation in noise
level and traffic streams are considerably accountable; it is assessed with following
terms:

Noise Pollution Level (NPL) = Leq + a (Lio — Lgg), where a = 1.0 (constant in

the equation)

Traffic Noise Index (TNI) = 4 (Lo — Log) + Log — 30 dB

Noise Climate (NC) = L;g — Lo,

After analyzation of above noise descriptors, it was observed that during
morning time interval the Lo, Lsq and Loy were ranged from 72.6 to 77.5 dBA;
68.2 to 72.1 dBA and 63.1 to 68.8 dBA respectively and the noise level of 71.4—
77.5 dBA; 65.6-70.8 dBA and 58.6-67.6 dBA are received in the evening time
period.
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Fig. 4 Vehicle count versus level of noise descriptors (NPL, TNI and NC)

The maximal level of NPL, TNI and NC (during morning and evening time
periods) was recorded (101.2 and 92.6 dBA); (91.4 and 87.5 dBA) and (18.3 and
16 dBA) at Chinwada road (H3). The observed vehicle counts and traffic conges-
tion at this location are less which may allow different categories of vehicles to
move speedily on the road this may be the reason having, higher values of NPL,
TNI, and NC at this sampling point. However, minimum value was noted (62.7 and
66.4 dBA); (77.7 and 78.9 dBA) and (6.7 and 7.4 dBA) at medical square (J1)
having greater traffic count and large road width as depicted in Fig. 4.

Data harvested throughout the analyzing period reveals that undesirable and
annoying noise levels in Nagpur city exceeds over 70 dB at all the locations
observed in this study as shown in Fig. 5. The identified Leq levels recorded
during morning and evening periods ranged from 71.00 to 76.00 dBA and 69.3 to
76.3 dBA, highest measured equivalent sound was observed at junction J5 in the
morning as well as in the evening hours equate with other stations because of
having minimum road width and higher traffic count. Below sketch also repre-
sents the interconnection between noise and traffic flow. This significant traffic
volume may be the prime factor resulted in average noise levels at all the
locations exceed the prescribed limit by national standards. It is also concluded
that the dominant factor for generation of noise in Nagpur city is the percentage
of scooter/motor cycle and cars/jeep/vans comparison with other categories of
vehicles.
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Fig. 5 Distribution of vehicles versus noise level at different measuring sites

Spectral Analysis of Junction and Highway Traffic

The implementation of frequency analysis is carried out for extracting the
exhaustive data from a convoluted noise, and it serves the justification to fluctuate
the noise level with respect to frequency, which is linked to variations in the
situation of the noise creating sources. It can be acted by registered one-third octave
band sampling data from all the selected cross sections and highways and measure
the frequency allocation of sound level electronically through sound measuring
device. Hunt et al. established that the low frequency noise is normally generated
from vehicle engine while noise having greater frequencies is resulted from tyre/
road interaction for entire speeds, that is the dominating noise originating from all
speeds in a surplus of 30 km/h. This indicates that the uninterrupted traffic is
controlled by road/tyre interaction, whereas interrupted traffic noise is dominated by
engine noise (Hunt et al. 1991).

While considering the above fact, when our results were investigated, some
contradictory outcomes are received in this study. During morning interval, the
observed noise levels due to interrupted traffic flow was higher compared with
uninterrupted traffic flow for lower frequency energy (up to 200 Hz) and for further
frequencies (<200 Hz) higher noise levels were due to uninterrupted traffic flow.
However, during the evening hours, the highest noise level at both the lower and
higher frequency (below 250 Hz and above 2 kHz) is generated due to interrupted
traffic, as a result of increased traffic percentage at most of the sampling stations
during the evening intervals as shown in Fig. 6.
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Model Ilustration

To find out the relevancy of the customized FHWA model, evaluation of traffic
stream for various categories of vehicles and their velocity has been scrutinized and
resolved that the computed noise levels were overestimated than that of observed
values at most of the selected locations. The correlation of predicted outcomes
depicts that the evaluated noise is close to the measured values having a percentage
error of +3% between them and the best fit line was also generated which gave an
R? value of 0.457 as shown in Fig. 7. Based on the findings, it can be observed that
the modified FHWA model gives a strong correlation and best suitability for pre-
diction of noise levels in Indian cities within an acceptable limit of accuracy.

In this research, the noise survey of Nagpur city was conducted at different
sampling stations, including cross-sections traffic as well as free flow traffic during
morning and evening peak hours, and attempt has been made to depict the present
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Fig. 8 Noise map of Nagpur city during morning and evening intervals

noise scenario with the help of contour map for better understanding of variation of
noise during different times of the day. The contour map demonstrated that the
average noise level at all the sampling stations was found in the exceeded range of
69.3-76.3 dBA as shown in Fig. 8.

Conclusion

This research distinctly revealed that the noise obtained from both heterogeneous
and free flow traffic is higher than the recommended national standards for both
morning and evening peak intervals and it concludes that road traffic noise directly
depends on increased noise from the vehicular engine horn during interrupted traffic
flow and poor road conditions. Heavy traffic had greater velocity vehicles on the
selected highways, and the transportation sector was also one of the dominant
sources of noise in this city.

The statistical analysis between forecasted and measured values was performed
to find out the fitness of the model. It can reveal that the modified FHWA model
gives a significantly higher correlation coefficient values and can be applied suc-
cessfully for the prediction of road traffic noise under Indian traffic conditions
within a tolerable boundary.
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The reported noise spectrum shows the distribution of noise levels with respect
to frequency, and it depicts that noise generated due to interrupted traffic flow is
above the free flow traffic. The traffic noise can also be displayed in the form
contour lines with various colour shades for different levels of noise contours and
indicates the exceeded noise level at all selected locations in the Nagpur city.

Hence it is mandatory to generate the noise control policies to avoid harmful
results of sound pollution and for restricting such unwanted noise, regulation of
traffic volume, the speed of vehicles and unwanted horns at sensitive points
might be helpful for reducing noise pollution, to avoid the adverse effect on the
community and the environment. A comprehensive program for public awareness is
urgently required to control the vehicular traffic and protect the public from its
unwanted impacts.
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Time-Dependent Study of Electromagnetic
Field and Indoor Meteorological
Parameters in Individual Working
Environment

A.K. Mishra, P.A. Kokate, S.K. Lokhande, A. Middey
and G.L. Bodhe

Abstract Human beings in modern society are facing wide-range of electromag-
netic (EMF) radiations from few hertz (Hz) to gigahertz (GHz) range. Its minor
sources are power supply, personal computers, Wi-Fi routers, Zig-bee, cell phones
and base trans-receiver stations (BTS) devices. We have extensively used them in
microenvironments like offices, restaurants, buses, close auditorium, etc. In such
indoor environments, the air quality incorporates various gaseous emissions, tem-
perature, humidity, particulate matters, etc. Accordingly, the cumulative effect of
EMF and air-quality parameters can change human health and quality of life. This
paper described exposure assessment of EMF and indoor meteorological parameters
in the individual microenvironment during working and non-working hours. The
results were obtained via broadband methodology for assessment of EMR and point
source methodology for temperature, relative humidity and particulate matter (PM).
The kriging model in surfer software approved to be more suitable to show accurate
gridding of EMF during working and non-working hours. No significant change
observed in time-dependent analysis of EMF, temperature, humidity and PM count.
However, telephony band was dominant during whole analysis. Hence, more
investigations are required to identify the quantitative relation between these
independent parameters.
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Introduction

In the recent years, human beings exposed to a different degree of air pollutants and
electromagnetic radiation (EMR) due to increasing population density in the urban
area. The artificial electromagnetic fields (EMF) created a similar situation like
faradays cage in individual working environments. Air pollutants, EMF radiations,
noise and improper lighting arrangement always affected the productivity of the
staff in his working place. A good air quality in any microenvironment is necessary
for workers. Hence, several types of studies have demonstrated that the poor indoor
air quality can negatively affect the human beings and his productivity (Pejtersen
et al. 1999; Wargocki et al. 2002a, b; Skyberg et al. 1997). The individuals exposed
to indoors can often bear little resemblance to those experienced outdoors in nature,
and that many individuals exposed to inappropriate levels and types of electric
fields can reduce localized concentrations of biologically essential and microbio-
cidal small air ions (Jamieson et al. 2007).

Additionally, poorly designed electromagnetic environments are more prone to
electronic hypersensitivity, stress level, oxygen uptake and performance.
(Kamienska-Zyla and Prync-Skotniczny 1996; Clements-Croome and Jukes 2001;
Bio-Initiative Report 2007; Genuis 2008). However, the mechanism of EMF effect
on human health is still a debatable issue in bio-electromagnetic community but
long-term exposure can be detrimental to human beings.

An EMF and Indoor Meteorological Parameters

There is a known fact that the EMF is invisible radiations that possess electric
(E) and magnetic (H) components and flows in the direction of propagation of
current. In an environment, the electric fields are produced by the local build-up of
electric charges in the atmosphere associated with thunderstorms. The earth’s
magnetic field causes a compass needle to orient in a north—south direction and is
used by birds and fish for navigation.

Besides these natural sources, the electromagnetic spectrum also includes fields
generated by human-made sources. In our daily life, we exposed to a different level
of EMF through electrical gadgets, Wi-Fi, mobile phones, security devices, etc. at
50 Hz to 3 GHz. The long-term biological effects of the electromagnetic field are
tissue damage or body heat and stress result in ‘work stoppage’ by unnecessary
heating. The considerable amount of research has been under progress to find out
the exact relationship between EMF radiation and human health. Likewise, inad-
equate power, arrangement inside office also contributes accumulation of electric
field density near electrical gadgets.
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Similarly, many solid and liquid particles are harmful to the quality of air (Ebelt
et al. 2000; Dons et al. 2011; Pope et al. 2006; Puett et al. 2009; Rojas et al. 1999).
They can be distributed in the air as per circulation of the airflow, temperature and
humidity. Its intensity and levels may vary based on the location of the office
environments. However, peoples are spending 90% of their time in closed envi-
ronment of residence, office, shopping mall, theater, etc. Hence, it is important to
assess the possible air quality parameter in working environments (Janssen et al.
2000; Mihalis et al. 2015; Bako-Biro et al. 2004). Hence, there is a need to address
this issue of monitoring and assessment in indoor working environment to improve
the health and productivity of workers. This article attempts to explore most
heterogeneous environmental parameter in individuals’ working environments, i.e.
EMF radiation, temperature, humidity and PM. Accordingly, to map the exposure
difference during working and non-working hours were the secondary objective of
this work.

Methodology

The International Communication for Non-Ionizing Radiation Protection (ICNIRP)
guideline was followed for estimation of EMR (ICNIRP 2008). Likewise, IEEE
protocol was used for choosing the location and monitoring methodology (IEEE
2010; ITU 2015). The total 11 different points from the office environment were
identified for exposure monitoring. However, the common equipment at each place
was personal computer, scanner, air conditioner, ceiling fan, uninterrupted power
supply (UPS), cell phone and laptop. Each equipment was fixed according to its
position and assessment point.

All the locations were selected in office environments in government office of
Nagpur city. The periodic time interval data was collected during working and
non-working hours in the month of July 2015. The continuous measurements of
electric field were taken using an SMP2 portable electromagnetic field meter. The
broadband measurement methodology enables to assess the EMF radiation from
100 kHz to 3 GHz. The 50 Hz operating equipment were neglected due to extre-
mely low magnetic field at selected distance. The distance from the computers and
other RF emitting equipment were 0.7—1.0 m. The temperature and relative
humidity (RH) of working as well as non-working hours was measured using
Equinox EQ-172 m. The dimensions of all the rooms were measured in feet using
GLM professional VF250. The concentration of PM was measured using a portable
mini las aerosol spectrometer (Mini—-LAS) model 11-R version-1.178, programmed
by GRIMM Aerosol, Germany. All the equipment was calibrated and measure-
ments were taken at height of 1.5 m from floor of the room.



184 A.K. Mishra et al.

Result and Discussion

Working and Non-working Hours

To replicate this study in the future at different places, the common official working
hours were considered during monitoring, i.e. 10:00 AM to 6:00 PM and 6:00 PM
to 10:00 AM. During office hours, 90% of equipment were ‘ON’ while during
non-working hours, 10% of them were under functioning state. The electric field
was monitored at 11 different locations in an office environment with a sample
count of 720 at each location as per ICNIRP guidelines. However, the indoor
meteorological parameter such as temperature, RH and particulate matter were
monitored thrice per day along with the EMF meter. After averaging of each
sampling location, Table 1 depicts the exposure levels of all parameters. The
highest value observed in E-filed was 49.86 x 10> V/m during working hours and
the lowest was 30.09 x 102 V/m during non-working hours respectively.
Particulate matter may occur due to regular foot movements, accumulation of dust
from outer sources.

Table 1 Showing the average values of EMF, Temp and RH on different location during working
and non-working hours

Location | Working hour Non-working hour

(10:00 AM to 6:00 PM) (6:00 PM to 10:00 AM)

EMF (V/m) |[TEMP |RH |PM,, EMF (V/m) |TEMP |RH |PM,,

O | (%) | (ng/m®) O |(%) | (ng/m®)

1. 49.86 x 1072 [27.85 |57.32 [50.3 31.86 x 1072 |29.56 |77.05 |30.8
2. 4402 x 1072 [27.80 |57.62 |55.2 32.02 x 1072 |29.60 |74.23 |35.5
3. 46.49 x 1072 [27.50 |56.25 |49.4 30.09 x 1072 [29.60 |74.21 |34.5
4. 35.51 x 1072 [27.50 |56.24 |39.1 31.51 x 1072 [29.60 |74.17 |35.5
5. 4277 x 102 [27.42 | 6032 |465 36.77 x 102 |29.60 |74.38 |40.1
6. 4519 x 1072 [27.41 |58.07 [45.1 39.19 x 102 |29.60 |74.18 |41.8
7. 4178 x 1072 {2692 |55.85 [35.3 36.18 x 1072 [29.60 |74.12 | 40.2
8. 3943 x 1072 [29.34  |52.09 |41.1 3343 x 1072 [29.60 |74.96 |34.6
9. 3574 x 102 [28.01 |56.13 |40.5 30.74 x 102 [29.60 |74.03 |31.7
10. 31.31 x 1072 2720 |53.08 |35.1 28.31 x 1072 [29.50 |74.27 |30.2
11. 3870 x 102 |26.80 |59.88 |43.1 33.17 x 1072 |29.50 |74.04 |37.8
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Contour

Contour was plotted by selecting the length of the room as x-axis and width of the
room as y-axis whereas; value of E-field was plotted in the Z-axis. Generally,
contour is used to in environmental monitoring and GIS data representation.
However, the kriging model is generally used in field of environmental mapping,
remote sensing, etc. First time, it has been applied to mimic the situation for
electromagnetic field using different locations. This exposure map represents an
exposure level of EMF during working and non-working environment. The plotted
pattern in Fig. la, b shows no remarkable difference between working and
non-working. Hence, the specific frequencies may be present during working and
non-working hours.

Additional Measurements

The spectrum analysis of electromagnetic field was crucial for identification of the
unwanted frequency band. Hence, the spectrum from 100 kHz to 3 GHz frequency
was scanned using signal hound spectrum analyzer with broadband antenna during
working and non-working hours. The common telephony bands of GSM900, 1800,
2100 kHz were observed during working and non-working hours. Figure 2a, b
illustrates frequency spectrum available in indoor environments. The negligible
interference of other frequency was observed that confirm the presence of telephony
band.

Temperature and relative humidity (RH) were also measured separately during
the E-field and particulate matter measurements. Temperature and RH values were
recorded for 6 min, i.e. 360s similar to other parameters. Many scientific studies
reveal direct proportionality relations between RH and temperature, i.e. as tem-
perature increases the relative humidity decreases and vice versa. The same kind of
pattern was found in our study also. The graph in Figs. 3a, b and 4a, b shows that
the temperature and RH levels have not much difference. This may be occurring
due to seasonal variation and climatic conditions. The results can differ in different
season at the same location.
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Conclusion

The E-field and meteorological parameter’s study carried out in the original office
environments first time in India. An individual always spends more time in the
indoor office environments and can sense mimic condition similar to faraday’s cage
and exposed more via telephony equipment operating in the range of 100 kHz to
3 GHz. The localized electric field effects on health are more dominant to access the
exposure scenario in terms of E-field. The level of electropollution that individuals
exposed can change according to the internal architecture of the room. After
analysis of the EMF levels the results, it is concluded that poor variations is
observed during working and non-working hours. The kriging model gives a better
option to show EMF distribution in the working and non-working hours. Regular
monitoring of frequency selective EMF in microenvironment is very difficult due to
interference of other frequencies. However, further investigations are needed to
identify the exact correlation between electromagnetic field and indoor meteoro-
logical parameters. Seasonal indoor studies of temperature, humidity and electro-
magnetic field are also essential to maintain the health of workers.
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Fish Biodiversity and Its Periodic
Reduction: A Case Study of River
Narmada in Central India

Muslim Ahmad Shah, Vipin Vyas and Shalini Yadav

Abstract Studies on fish biodiversity are important for planning remedial mea-
sures for conservation of our rich aquatic biodiversity resources. The variability in
life is largely governed by the environment and genes they possess. Thus more than
99% of all species amounting to over five billion species that ever lived on earth are
estimated to be extinct. Information from the available sources suggest that about
1.2 million have been documented and over 86% species are still not yet docu-
mented. Besides natural disaster, about 99% species are presently considered as
threatened species and are at great risk from human activities, primarily those
driving out by habitat loss, introduction of exotic species, global warming, con-
struction of dams, over fishing activities, increasing demand for water, the damming
of rivers throughout the world, the dumping and accumulation of various pollutants,
and finally invasive species make aquatic ecosystems one of the most threatened
part on the planet. Thus it is not surprising that there are many fish species that are
endangered in both freshwater and marine habitats.
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Introduction

Water generally collects in a river from precipitation through a drainage basin from
surface runoff and other sources such as ground water recharge, springs, and the
release of stored water in ice and glaciers. Rivers have always been the most
important fresh water resources. Biodiversity is a contraction of biological diver-
sity. It reflects the number, variety, and variability of living organisms and how
these change from one location to another and over time. It includes diversity
within species (genetic diversity) between species (species diversity) and between
ecosystems (ecosystem diversity). It is frightening but true: Our planet is now in the
midst of its sixth mass extinction of plants and animals, the sixth wave of extinc-
tions in the past half-billion years. We are currently experiencing the worst spate of
species die-offs. Although extinction is a natural phenomenon, it occurs at a natural
“background” rate of about one to five species per year. Scientists estimate we are
now losing species at 1,000—10,000 times the background rate, with literally dozens
going extinct every day. It could be a scary future indeed, with as many as 30—50%
of all species possibly heading toward extinction by mid-century. Biodiversity is
essential to the health of natural systems. Thus conserving biological diversity is
essential for protecting life on this planet. It becomes even more important to know
about the fact that the current anthropogenic destruction of biodiversity is dan-
gerous. Hence, conservation must be analyzed both scientifically and morally.

Keeping this in mind, a comparative study on Fish Biodiversity and its periodic
reduction was done during 2013-2014. Diversity is commonly used to describe the
number, variety, and variability of living organisms.

Materials and Methods

Study Area

Narmada is the largest west flowing river of India and one of the 13 prominent
rivers of India, originates from a small tank called Narmada kund located at
Amarkantak town in Maikal Hill ranges from eastern part of Madhya Pradesh forms
a traditional boundary between North India and South India over a length of
1, 312 km before draining through the gulf of Cambey (Khambat) into the Arabian
Sea. The tributaries of River Narmada are of great importance in Central India as
they provide an important source of water, irrigation, and other resource-based
activities. When river Narmada emerges from the Marble Rocks it enters into its
first fertile basin. This basin extends about 320 km with an average width of 35 km
in the south. The northern part of the valley is the Barna—Bareli plain, where the
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Barna River flows. The pictorial map of the Narmada River Basin (Source:
Narmada Control Authority, Madhya Pradesh) and its salient features are given
below.
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Salient features of Narmada basin

Basin Extent

Longitude 72° 38'-81° 43'E

Latitude 21° 27'-23° 37'N

Length of Narmada river (km) 1312

Catchment area (sq. km) 98796

Average water resource potential (MCM) 45639

Utilizable surface water resource (MCM) 34500

Live storage capacity of completed projects (MCM) 17806.0

Live storage capacity of projects under construction (MCM) 6835.00

Total live storage capacity of projects (MCM) 24641.0

No. of hydrological observation stations of CWC 26 (including 8 Gauge site)

No. of flood forecasting stations of CWC 4

The aim of this research was to determine the fish biodiversity loss of River
Narmada in Central India. During this study five sampling stations were chosen for
sampling in the central zone of MP which starts from Shahganj village to Holipur
village.
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Site S1: Shahganj

The stretch of the river at Shahganj station is of run condition. The depth of water is
about 370 cm and an elevation of about 290 m above sea level. Bed substrates
recorded at this site was soil, sand, and gravel type. It has a shallow region with
weed infested banks and is located at 22° 14'N latitude and 77° 80'E longitude. It is
a swift moving area characterized by predominantly smooth to slight turbulent flow
of 49 cm. The site is inhabited with more than 100 fisher families which earn their
lively hood from this site and its adjoining areas.

Site S2: Bandrabhan (Sangam)

The Bandrabhan station is riffle habitat and is bed substrates recorded at this site
was sand, gravel, and boulder type. This region also has weed-infested banks and
has flow of 52 cm. The water at this place is swift moving and bubbling type. At
this site two main rivers namely Narmada and Tawa joins each other; so this site is
famous as Sangam. In this spot, a holy mela is also organized on the occasion of
Kartik Purnima. This section of river is followed by some religious practices also.

Site S3: Budhni Ghat

The station Budhni is a town and a Nagar Palika in Sehore district in the state of
Madhya Pradesh, India. It is situated on Bhopal to Hoshangabad road at a distance
of 10 km from Hoshangabad in north direction on the banks of Narmada River.
This site is located at 22° 76'N latitude and 77° 69'E longitude. The depth of water
is about 210 cm and an elevation of about 287 m above sea level. This region is
highly infested with aquatic vegetation near the banks of the river. This stretch is in
a pool condition with a maximum range between banks is 245.5 m. Bed substrates
recorded at station was soil, sand, slit, and gravel type.

Site S4: Moukala

This station shows run habitat and is situated at 22° 73'N latitude and 77° 65'E
longitude. The depth of water is about 290 cm and an elevation of about 282 m
above sea level. There are only five fishermen families at Moukala but fishermen of
other areas come for fishing at this site. This station has a shallow region with weed
infested-bank and the river bed substrates are sand, soil, slit, and gravel type. Both
the banks of the station have agriculture lands in the vicinity and agricultural
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practice are shown at this station. Majority of the population near this site are
labors. The village near this site is will electrified and people use electric motors for
irrigating the agricultural lands. Fish is the main food item for people at this site.

Site S5: Holipur

This site is 25 km far from Hoshangabad by road and it is connected with metalled
road passing 5 km through forest and is located at 22° 74'N latitude and 77° 61'E
longitude. There is a famous religious temple of Hanuman ji on the bank on this
study station. A very few people living neat this site are named as Mooni Maharaj
because they do not speak but express their views through writing and there is a
Dharamshala under construction near this study station. The depth of water at this
site is about 405 cm and is at an elevation of about 282 m above sea level. This site
is highly infested with aquatic vegetation near the banks. This stretch is in a pool
condition and the range between banks is 356 m. Bed substrates recorded at this site
was soil, sand, slit, and gravel type. Both the banks of this station have agriculture
lands in the vicinity and agricultural practice are also shown at this station. The flow
of water at this site was recorded as 49 cm.

Fish Collection and Identification

In this study, fishes were collected from all sampling stations of the river stretch
under study during winter, summer, monsoon, and post-monsoon seasons. Fishing
was done at every sampling stations seasonally by using different types of nets
having mesh size of 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 mm and area size of
the nets (gill net, cast net) was 36 sq. ft. The strategy used for fishing was same as
was used by the local fishermen of the area under study. Five stations were selected
for fishing which ranged from Shahganj to Holipur a 30 km river stretch. The fish
sampling sites, where fishing was done are Shahganj, Bandraband, Budhni ghat,
Moukala and Holipur.

At least 10 fishing efforts were made at every station seasonally and the catch
was then weighed by a balancer and was noted down at every station. Further the
collected fishes catch was identified by using standard identifying keys of Jayaram
(1999), Qureshi and Qureshi (1983) and Shrivastava (1998). The collected fishes
were sorted species-wise and the numbers of individuals for each species were
counted and then their percent composition was determined.
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Result

Present Scenario of Fish Diversity of River Narmada
at Hoshangabad

During this study, a total 37 species of fishes belonging to 1 Kingdom, 1 Phylum,
3 Classes, 5 Orders, 11 Families, and 24 Genera were recorded from Shahganj to
Holipur a 30 km river stretch in the Hoshagabad district of Madhya Pradesh. These
fish species are recorded are summarized in Tables 1 and 2 respectively.

Once upon a time River Narmada was highly diversified pertaining to its fish
resource but the mad rate race for fishing jeopardized the life depending on this
resource. The fish diversity was on the peak with a total of 93 species were recorded
prior to 1967 (Karamchandani et al. 1967; Vyas et al. 2006).

Discussion

This study was also carried out in river Narmada in the year 2015. It was observed
in this piece of study that there is a periodic reduction of fish species in the river to a
great extent and in this piece of study 56 fish species gets reduced and these
reducing species are Hilsa ilisha, Gonialosa manmina, Notopterus notopterus,
Barilius varga, Barilius evezardi, Barilius radiolatus, Catla catla, Crossocheilus
latius latius, Cirrhinus latia, Cirrhinus reba, Danio aequipinnatus, Danio rerio,
Exomus danricus, Parapsilorhynchus tentaculatus, Garra gotyla, Garra lamta, Garra
mullya, Labeo rohita, Labeo boggut, Labeo pangusia, Labeo dyocheilus, Puntius
goganio, Puntius ambassis, Puntius pinnauratus, Puntius dorsalis, Puntius stigma,
Oreichthys cosuatis, Tor khudree, Tor putitora, Lepidocephalichthys guntea,
Noemacheilus dayi, Noemacheilus evezardi, Noemacheilus heiheilus beavani,
Ompok bimaculatus, Ompok pabda, Mystus cavasius, Mystus tengara, Mystus
vittatus, Rita pavimentata, Amblycepsmangois, Gagata itchkeea, Glyptothorax
lonah, Glyptothorax ribeiroi, Laguvia ribeiroi, Clupisoma garua, Silonia silondia,
Heteropneustes fissilis, Channa gachua, Channa punctatus, Channa striatus, Badis
badis, Glossogobius giaris, Mastacembilus armatus, Anguilla bengalensis,
Hypopthalimichthys molitris and Cyprnus carpio. This decline in studies also found
to be corelated with the investigations that are carried out by Karamchandani et al.
and Vyas et al.
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Conclusion

It is concluded from this investigation that the diversity of fish species is reducing at
an alarming rate. In the past less than 50 years a total of 56 species of fishes gets
reduced in the river Narmada in Central India. The aquatic ecosystems are subjected
to a variety of stresses due to varied land use patterns and water resources devel-
opment processes. The ecological changes following the construction of dams on
the river or its tributaries may be determined since it may restrict the fish migration
and impending their accessibility to breeding, nursery, and feeding grounds thus
leads to the loss of fish diversity besides, fishing activity was found common in the
river Narmada. Thus the most widespread approaches to management involve some
control of fishing activities. This takes two main forms, the banning of certain types
of fishing methods as poisoning of water body and the restriction on using small
mesh size nets further commercial exploitation of river bed for extraction of
stones/pebbles should not be allowed in order to preserve the breeding grounds and
food web of the fishery. Catch control measures must be applied in the river so as to
enhance species diversity and to promote fisheries sustainably.
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Effects of Anthropogenic Activities
on the Fresh Water Ecosystem—A Case
Study of Kappithodu in Kerala

Sherly P. Anand and D. Meera

Abstract A case study was conducted on the impact of anthropogenic activities on
the water quality parameters of Kappithodu, a small tributary of Pamba River, in
Alappuzha district of Kerala, from October 2013 to September 2014. The river is
found to be heavily polluted with wastes and effluents from many Prawn peeling
centers, Vandanam Medical college hospitals and outlets of the septic tanks of
nearby houses. Water quality analysis and bacteriological studies were conducted
based on standard hydrological and microbiological methods. Bacteriological
studies revealed that water body is highly polluted with Coliform Bacteria,
Klebsiella and Pseudomonas. Water quality analysis revealed the presence of
phosphates, nitrates and chloride ions in high quantities.

Keywords Physicochemical parameters - Turbidity - Hardness
Chloride - Kappithodu

Introduction

India ranks second in human population and first in cattle population, and has got
only 4% of the world’s free water resources. This indicates the pressure on drinking
water in India. 64% of the area in peninsular India is water starved, when compared
to the other parts; 80% of India’s total water usage is for irrigation. 60% of irri-
gation and 80% of drinking water comes from ground water. Water pollution is one
of the major environmental issues and this causes scarcity of drinking water. Most
of the industries are located on the banks of water bodies and they dispose their
waste directly into water bodies. Dumping of industrial and sewage waste into any
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water body results in degradation of its physical, chemical and biological qualities.
Many studies have been carried out on this issue (Jayaraman et al. 2003;
Damotharan et al. 2010; Prasanna and Ranjan 2010).

Solid wastes pose serious problems in many big cities and towns in Kerala.
Kappithode is a canal which flows by the side of the Ambalappuzha flyover in
Alappuzha district, and its pollution continues unabated, despite the promise made
by the authorities to clean it up. It was in 1983 that the problem attracted public
attention for the first time. Two students of Ambalappuzha Government Lower
Primary School situated by the side of the canal fell unconscious after inhaling
poisonous gases that emanated from the canal. It happened again in 1984, and six
students fell unconscious in the classroom.

In 1985, the High Court issued directives to control pollution—to dredge the
canal to increase its depth, to take steps to remove impediments for the easy flow of
water in the canal, to ensure that liquid waste from the prawn peeling sheds was
discharged into the canal only after purification, and to prevent the dumping of solid
waste into the canal. But the directives have not been implemented even after
20 years. The present study deals with the examination of water quality as well as
bacteriological parameters of Kappithodu.

Materials and Methods

The study area Kappithodu extends from 9° 23’ 36.74"N to 9° 24" 3.09"N latitude
and 76° 21’ 3.42"E to 76° 23’ 4.14"E longitude. The three sampling stations were
selected and designated as S I, S II, and S III. Water samples were collected during
pre-monsoon, monsoon, and post-monsoon from October 2013 to September 2014.
The samples were collected in clean polyethylene, white 2.0 L cans, labeled
properly, and brought to the laboratory for further analysis. All physicochemical
parameters were analyzed using standard methods (APHA 2008). A bacteriological
study was also conducted to find out the extent of pollution. (Cabral 2010).
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Result

The water samples collected from Kappithodu during pre-monsoon, monsoon, and
post-monsoon seasons were analyzed. Different parameters including pH, hardness,
temperature and concentration of chloride, sulphate, nitrate, iron, zinc, manganese,
and lead were chosen for the study. Water samples were collected from upper,
middle, and lower reaches of the stream. Extreme values of pH were obtained from
lower reach of the stream. pH was highest during the pre-monsoon season in the
month of March in the lower reach of the stream (9.23) and lowest during
post-monsoon period in the month of October at the lower part of stream (5.82).
The pH value in the water from upper region of stream ranged between 6 and 7 in
all seasons. But in the water samples from lower reach showed considerable
variation during pre-monsoon, monsoon, and post-monsoon periods.

During monsoon season, the hardness of water in the upper part of the stream
was between 153 and 156. The mean value of water hardness in the upper reach of
Kappithodu was low compared to middle and lower reach. The hardness of water
was highest during pre-monsoon period (345) in the lower reach of the stream and
lowest during monsoon period (153) in the upper reach. The temperature of water
was highest during pre-monsoon season in the month of May in the lower reach
(28.56) and lowest in the month of July in the upper reach (15.64). The average
temperature of water was also high during pre-monsoon and low during
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post-monsoon period. The mean temperature of water in the lower reach was high
compared to upper and middle part of stream. The concentration of chloride was
above 200 mg/l in the middle and lower reach of the stream but in the upper part of
stream, chloride concentration was below 190 mg/l. The average chloride con-
centration was lowest during monsoon season in the upper reach of the stream
(153 mg/l). The concentration of chloride was highest in the month of May in the
lower part of Kappithodu. Sulphate concentration is highest in the middle part of
the stream in the month of May (29.65 mg/l) and lowest in November in the upper
reach (19.53 mg/l). The average sulphate concentration has extreme values in
monsoon season in the upper and lower reaches of Kappithodu. The mean sulphate
concentration in both pre-monsoon and monsoon seasons in the three collection
sites ranges between 20 and 30 mg/l.

Average nitrate concentration is 3.21 in pre-monsoon, 1.92 mg/l in monsoon and
2.16 in post-monsoon season. Average nitrate concentration in the middle reach in
pre-monsoon season is high compared to other sites and seasons (4.29 mg/l).
Nitrate concentration in upper reach in monsoon season is between 1 and 1.5 mg/l
only. Concentration of iron is below 1 mg/l in all seasons and sites with average
values 0.67 mg/l in pre-monsoon season, 0.35 in monsoon and 0.67 mg/l in
post-monsoon season. Average iron concentration is low in pre-monsoon season in
the middle reach compared to other sites and seasons (83 mg/l). Iron concentration
is low in all the collection sites in the month of June (0.19, 0.2, 0.2 mg/1). Highest
concentration of iron was observed in the middle part and lowest in the upper
part. Average nitrate concentration is 3.21 in pre-monsoon, 1.92 mg/l in monsoon
and 2.16 in post-monsoon seasons. Average nitrate concentration in the middle
reach in pre-monsoon season is high compared to other sites and seasons
(4.29 mg/l). Nitrate concentration in upper reach in monsoon season is between 1
and 1.5 mg/l only. Average zinc concentration is 0.6, 0.3, and 0.5 mg/l in
pre-monsoon, monsoon and post-monsoon seasons. Zinc concentration in upper
and middle reaches is comparatively low in monsoon season. Highest zinc con-
centration was observed in the month of May in the middle site (0.09 mg/l). Zinc
concentration in pre-monsoon season was higher compared to the other two
seasons.

Manganese concentration is lower in lower reach and higher in upper reach in all
the three seasons. During post-monsoon season, manganese concentration in upper
reach is between 0.5 and 0.6 mg/l. But during pre-monsoon season upper part of the
stream has low manganese concentration (0.26—0.27 mg/l). Concentration in the
upper part is above 0.1 mg/l in monsoon and post monsoon seasons. Lead con-
centration is low in the upper and high in lower reach in all the three seasons.
Lowest lead concentration is in the upper part of the stream in March (0.23 mg/l)
and highest in June in lower reach (0.695 mg/l). The average lead concentration is
low in the lower reach in monsoon season compared to other sites and seasons
(0.69 mg/).



Effects of Anthropogenic Activities ... 211
I. pH Values
Sites | Pre-monsoon Monsoon Post-monsoon
March | April |May |June |July |August |September |October | November
1 6.3 6.5 6 6.33 |6.23 |6.15 6.5 6.4 6.7
2 7.1 6.9 7.5 7.5 7.13 |7.62 7.45 7.52 7.61
3 9.23 8.5 9 6.1 6 5.9 5.86 5.82 5.94
II. Hardness
Sites | Pre-monsoon Monsoon Post-monsoon
March | April |May |June |July | August |September | October | November
1 184.66 | 186 185 | 153 | 154 |156 165 176 182
2 298 296 310|261 |275 |240 285 274 270
3 321 334 345 |311 |293 |282 318 326 329
III. Chloride
Sites | Pre-monsoon Monsoon Post-monsoon
March | April |May |June |July |August |September |October |November
1 180 188 186 | 152 [159 |148 121.3 126 123
2 230 238 240 | 210 195 |206 216 223 211
3 256 245 259 221 |231 |236 228 231 236
IV. Temperature
Sites | Pre-monsoon Monsoon Post-monsoon
March |April |May |June |July |August | September |October | November
1 18.56 |[17.36 |17.56 |16.53 |15.64 |17.5 17.36 17.64 18.64
2 22.65 [23.53 [23.45 |18.56 |18.96 |19.56 19.6 19.86 20.42
3 27.56 |26.56 |28.56 |22.36 [23.43 |23.86 |[23.56 22.56 24.65
V. Sulphate
Sites | Pre-monsoon Monsoon Post-monsoon
March | April |May |June |July |August | September |October | November
1 20.36 [22.53 [23.56 [26.96 |28.65 |29.56 |22.36 20.53 19.53
2 2436 (2635 |29.65 |22.53 |23.46 |21.75 |25.63 21.56 23.56
3 22.56 |23.65 |21.53 |20.35 |21.56 |19.65 |25.34 24.65 23.86
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VI. Nitrate
Sites | Pre-monsoon Monsoon Post-monsoon
March | April |May |June |July |August |September |October | November
2.36 213 273 145 |1.32 |1.12 1.96 1.85 1.79
2 4.12 453 423 [253 (213 |2 2.86 2.95 2.76
3 3.52 253 (276 |2.13 |256 |21 1.65 1.86 1.72
VIL. Iron
Sites | Pre-monsoon Monsoon Post-monsoon
March | April |May |June |July |August |September |October | November
1 0.056 |0.7 0.7 0.19 |0.36 [0.39 0.54 0.5 0.6
2 0.79 0.8 0.9 0.2 0.4 0.5 0.9 0.8 0.8
3 0.36 0.8 0.9 0.2 0.3 0.6 0.6 0.8 0.5
VIII. Zinc
Sites | Pre-monsoon Monsoon Post-monsoon
March | April |May |June |July August | September | October | November
1 0.02 0.05 |0.07 |0.03 |0.036 |0.026 0.04 0.05 0.06
0.06 0.08 |0.09 [0.03 [0.02 |0.026 0.05 0.058 0.057
3 0.05 0.08 |0.07 |0.04 |0.046 |0.049 0.056 0.059 0.061
XI. Manganese
Sites | Pre-monsoon Monsoon Post-monsoon
March |April |May |June |July |August | September |October | November
1 0.026 [0.027 |0.026 |0.16 |0.36 |0.39 0.5 0.5 0.6
0.032 [0.034 |0.038 |0.053 |0.056 [0.059 |0.042 0.041 0.048
3 0.063 [0.068 |0.069 |0.086 |0.089 |0.087 0.096 0.091 0.097
X. Lead
Sites | Pre-monsoon Monsoon Post-monsoon
March | April |May |June |July |August | September |October | November
1 0.231 [0.246 |0.241 |0.315 [0.321 |0.356 |0.365 0.354 0.368
0.531 [0.512 |0.521 |0.586 |[0.579 |0.569 |0.596 0.597 0.599
3 0.621 [0.653 |0.646 |0.695 |0.686 |0.694 |0.596 0.613 0.623

In the present study, the presumptive coliform counts were 800/100, 1200/100,

1800/100 ml in stations I, II, and III respectively.
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Discussion

The results showed that the pH value ranges from 4 to 7.3. According to BIS (1991)
recommendation, the pH value has to be within 6.5-8.5 range. Turbidity value is in
the limit 5.3-21.2. The hardness value ranges from 153 to 345 in the current study.
High level of calcium and magnesium ions in water results in hardness of water.
Value of hardness above 300 indicates very hard water. Highest total hardness
value was reported during summer season and lowest hardness value was reported
during monsoons. High hardness can be noticed during these seasons because Ca
and Mg salts soluble faster during summer due to increased temperature (Rathod
Kalpana et al. 2014). Chloride value ranges between 9.0 and 17.6 mg/l. As per IS:
10500-2012 desirable limit for chloride is 250 mg in 1000 mg/l. In this study area,
the chloride value was found to be too low as compared to the permissible limit
(Jyotsna et al. 2014). Nitrate value was found to be 1.1-2.8 mg/l. Nitrate value
usually depend on land use practices of the areas nearby water bodies (Hulyal and
Kaliwal 2011).

Microbial studies revealed that all the three study sites selected were highly
contaminated with coliform bacteria as per APHA (2008) (Table 1). Coliform
bacteria are commonly considered as indicator organisms of water pollution. The
high count of coliform bacteria indicates the release of large quantity of human
excreta into the water. Pseudomonas and Klebsiella were rich in the effluents
coming from peeling centers. According to US EPA, water samples containing
coliform are considered as the main indicators of water pollution from domestic
waste. WHO standard says that total and fecal coliform ranges from 1 to 10/100 and
0/100 ml, respectively (World Health Organization 2003).

Microbial study revealed that all the three stations in Kappithodu were con-
taminated with coliform, Pseudomonas and Klebsiella. From the water quality
analysis of physico-chemical parameters of different seasons at different stations, it
is found that station III is highly polluted than station I and station II. The water
samples had high concentration of phosphates and nitrates. This usually results in
algal blooms and this in turn causes eutrophication, a condition without oxygen
which affects life of plants and animals in the aquatic ecosystem. Microbial studies
revealed that all the three study sites selected were highly contaminated with
Coliform bacteria as per APHA (2008) (Table 1). Coliform bacteria are commonly
considered as indicator organisms of water pollution. The high count of Coliform
bacteria indicates the release of large quantity of human excreta into the water.
Pseudomonas and Klebsiella were rich in the effluents coming from peeling centers.
According to US EPA, water samples containing Coliform are considered as the

Table 1 Coliform Bacteria Study area Coliform count (ml)
counts during the study period ;

Station I 800/100

Station 1L 1200/100

Station III 1800/100
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main indicators of water pollution. WHO standard says that total and fecal Coliform
ranges from 1 to 10/100 ml and 0/100 ml, respectively (WHO 2003).

The major challenge of twenty first Century century is the scarcity of safe
drinking water. Microbiological analysis of drinking water should be conducted
continuously for ensuring the quality as recommended by Cabral (2010). The
ground water sources in and around the study area is seriously polluted due to the
percolation of polluted water. Health of the lower and middle class population
living in the premises is reported to be badly affected. Children of nearby schools
frequently get affected by food poisoning due to the contamination of the
groundwater used for cooking in the schools.

Conclusion

Kerala is rich in streams and rivers, but these vital environmental resources are
getting polluted from multiple sources rendering useless many of the water bodies
as in the case of Kappithodu. Industrial units with inadequate waste management
provisions, failures of the municipal administrations to address the domestic waste
management crisis and other increasing sources of pollution are contributing to
expanding the morbid population. The growing threat to the water bodies adversely
affect the achievement of the Sustainable Developmental goals.
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Degradation of Heptachlor
by High-Carbon Iron Filings (HCIF)

Yangdup Lama and Alok Sinha

Abstract The contamination of groundwater due the extensive use of organochlorine
pesticide (OCP) has posed a serious threat to human life. The in situ remediation of
contaminated groundwater by the use of zerovalent iron (ZVI) has acquired the
deserved attention from researchers around the world. High-carbon iron filling
(HCIF) was used to treat the aqueous solution of Heptachlor in batch reactors, which
revealed the decline in the aqueous concentration of Heptachlor due to reductive
dehalogenation and adsorption process. The expression % = —k -M- Cflv
described the decline in the total concentration of Heptachlor solution (Cr) as a
function of its aqueous concentration (C,), where M is the mass concentration of
HCIF. The kinetic coefficients N and k; were derived to be 2.24 and 1.69 x 1073
h™' g7"iron L respectively. Freundlich isotherm, expressed as Cs = K - C7', couldbe
employed to describe the equilibrium partitioning of Heptachlor to the HCIF surface,
where K = 4.76 x 10> g7' L and m = 0.9717 was observed. The experiments
revealed that HCIF can be potentially used as reactive material for in situ treatment of
groundwater contaminated with Heptachlor.

Keywords Groundwater - High-carbon iron filings (HCIF) - Heptachlor
Reductive dehalogenation - Adsorption

Introduction

Halogenated organic compounds (HOCs) like halogenated solvents, pesticides, her-
bicides are widely used for household agricultural and industrial applications. These
compounds are persistent and toxic to entire ecosystem. They are having very long
half lives and are toxic and carcinogenic at very low concentrations in drinking water.
Groundwater resources can be contaminated by these chlorinated organic compounds
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and can render the groundwater unfit for drinking (Vogel et al. 1987; Jeffers et al.
1989). Among volatile compounds, inhalation of vinyl chloride (VC) has been shown
to cause liver, brain, and lung cancer in humans (McCann et al. 1975). The U.S. EPA
classifies VC as a known human carcinogen. Inhalation of perchloroethylence
(PCE) has been shown to result in an increased occurrence of liver tumors in mice and
kidney tumors and leukemias in rats (Lazarew 1929). 1, 2-Dibromoethane is a
potential carcinogen and can cause liver and kidney damage (Rajagopal and Burris
1999). Polychlorinated biphenyls, a very toxic group of compounds, are very per-
sistent and hence resistant to natural degradation. About 400 million kg of PCBs are
dispersed into geo-, aqua-, atmo-, and biosphere, with majority being concentrated
into geo-sphere because of their low volatility, low solubility in water, and high
affinity for particulates (Nelson 1972). Chlorinated phenols, benzenes, and
napthalenes are toxic to aquatic animals (Verschueren 1983). Systemic effects of acute
toxic doses of monochlorobenzene included damage to the liver and kidney, and
effects on bile and pancreatic flow (Verschueren 1983). Among pesticides and her-
bicides, alachlor is listed as a probable human carcinogen and metolachlor is listed as a
possible carcinogen (Eykholt and Davenport 1998). Chlorinated pesticides like aldrin,
chlordane were reported as toxic to aquatic life and ingestion by rats can cause liver
damage (Martin 1968; Khan et al. 1979). Dieldrin has been reported as carcinogenic
(McCann et al. 1975). High levels of Heptachlor can increase the risk of diabetes
(Type 2) by 7% (Harmon 2010). The International Agency for Research on Cancer
and the EPA have categorized it as a possible human carcinogen (ATSDR 2007).
The USEPA maximum contaminant level (MCL) for drinking water is 0.0004 mg/L
for Heptachlor and 0.0002 mg/L for Heptachlor epoxide (ATSDR 2007).

Treatment of contaminated groundwater can be achieved by “pump and treat”
method, where the groundwater is pumped out and passed through a set of treat-
ment chain and pumped back to subsurface after treatment. This involves huge cost
(Mackay and Cherry 1989). Hence, the current trend is shifting to in situ methods of
treatment of groundwater where the groundwater is passed through a subsurface
permeable reactive barrier (PRBs) which contains a reactive material like zerovalent
iron (ZVI) and gets decontaminated which results in economical treatment (Gillham
and O’Hannesin 1994; Keum and Li 2004).

This paper deals with the remediation of halogenated pesticide, heptachlor, by
using high-carbon iron filings (HCIF). The HCIF surface not only reductively
dehalogenate the halogenated organic compounds, but also adsorbs the compounds
(Sinha and Bose 2006, 2007, 2009a, b, 2011). In this study, the kinetic rate constant
for reduction and adsorption of heptachlor by HCIF surface have been determined.

Materials and Methods

Commercially available cast iron was turned to chips on a lathe machine and then
converted into filings in a ball mill. The resulting filings were sieved through 425 pm
(40 mesh) sieve and portion retained on 212 pm (80 mesh) sieve was collected and
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used as high-carbon iron filings (HCIF). For a typical experiment, approximately 5 g
of HCIF was added 20 mL batch reactor, and filled with deoxygenated aqueous
solution of 1 mg/LL Heptachlor prepared (prepared in deionized Milli-Q water)
without head space. Stock solution of heptachlor was prepared in methanol.
Aqueous volumes in the batch reactors were determined gravimetrically.
Approximate mass of heptachlor added to a batch reactor was 20 pg. Control vials
having 20 pg of heptachlor, without HCIF, were also prepared. All vials were
rotated at 50 rpm such that the vial axis remained horizontal at all times. Ambient
temperature was approximately 30 &= 1 °C during mixing. Vials were removed, at
specified times, for analysis of heptachlor. Vials were removed at 1, 2, 5, 12, 24, 48,
and 60 h and analyzed for aqueous and solid phase concentration.

500 pL of aqueous phase samples were withdrawn from batch reactors using a
micro syringe. The micro syringe was pierced through the septa, such that the
headspace is not created. The withdrawn aqueous samples were added to GC
auto-sampler vials along with 750 pL n-hexane and sealed. These vials were
thoroughly mixed on a vortex mixer to enable the partitioning of heptachlor to
n-hexane. The solvent phase (n-hexane) was analyzed by gas chromatograph
equipped with an electron capture detector (GC-ECD) for heptachlor concentration.
This method resulted in an extraction efficiency of 95% for heptachlor. For
determination of adsorbed heptachlor on HCIF, the aqueous contents of batch
reactor was transferred to another vial by means of a cannula. 5 mL of n-hexane
was added two times to the HCIF left in the batch reactors and the mixture was
vortex mixed for 10 min for partitioning of adsorbed heptachlor to n-hexane. The
sorbed mass was determined by measuring the heptachlor concentration in
n-hexane.

Results and Discussion

The batch reaction of heptachlor with un-rusted HCIF was carried out for the period
of 396 h. The pH and the ORP were observed to vary from 7.3 to 10.9 and —490 to
—630 mV respectively (Fig. 1). Decline in the total concentration of heptachlor
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during its interaction with un-rusted HCIF was observed (Fig. 2). The total and the
aqueous concentration of heptachlor observed after 396 h was 0.144 and
0.08 umol L™ corresponding to 94.62 and 96.94% in decrease in total and aqueous
heptachlor concentration. The following expression; ‘%T = —k -M- Cflv describes
the decline in the total concentration of heptachlor solution (C7) as a function of its
aqueous concentration (C,), where M is the mass concentration of HCIF. The plot
of In (—dC,/dr) versus In C, (Fig. 3), the kinetic coefficients n and k; were evaluated
to be 2.24 and 1.69 x 107> h™' g”! iron L respectively. Freundlich isotherm,
expressed as Cs = K - C' , could be employed to describe the equilibrium parti-
tioning of Heptachlor to the HCIF surface where, K = 4.76 x 107> g”' L and
m = 0.9717 was observed (Fig. 4).
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Fig. 4 Partitioning of heptachlor on HCIF

Conclusions

Batch experiments demonstrated that the organochlorine pesticide, Heptachlor, can
be successfully dehalogenated by using cast iron particles. Heptachlor reduced to
96.9% of its original concentration within 400 h of contact time. The study revealed
that the adsorption of heptachlor plays an important role in reducing the aqueous
concentration of heptachlor in batch reactors in initial stage. The adsorption phe-
nomenon of heptachlor to graphite nodules present on HCIF surface can be
described by Freundlich isotherm. Hence, HCIF can be used as a reactive material
for in situ remediation of groundwater contaminated with organochlorine pesticide,
heptachlor. Further studies involving reduction of heptachlor, in flow through
system, simulating groundwater conditions, are required to be carried out and
pathways of reduction of heptachlor are also a matter of concern.
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Biomedical Waste Generation
and Management in Public Sector
Hospital in Shimla City

Prachi Vasistha, Rajiv Ganguly and Ashok Kumar Gupta

Abstract Biomedical waste disposal is very important due to its infectious nature.
Proper management of biomedical waste is necessary for maintaining good human
health and environment. Biomedical Waste (Management and Handling) rules 1998
under the Environmental Protection Act, 1986 have been passed by government of
India which is to be followed strictly to avoid menace. The purpose of the article is
to differentiate between the Biomedical Waste Management practices such as
collection, storage, transportation, and disposal along with the generation of
biomedical waste undertaken in major public and private sector hospitals in Shimla
city. A cross-sectional study and semi-structured interview considering the various
biomedical waste management practices and personnel handling of the biomedical
waste undertaken in the major public and private sector hospitals in Shimla city
through detailed analysis and questionnaire prepared will be used for the purpose of
study. The study will quantify the actual values and unveil the difference that lie in
management procedures followed by these hospitals in Shimla. The present paper
presents some initial findings of the questionnaire analysis carried out in a major
public hospital in Shimla.

Introduction

A hospital is a complex institution visited by people very frequently without any
distinction of age, sex, race, and religion. This is above the normal population of
hospital namely patients and staff (Rao et al. 2004). Waste production is not only
restricted to hospitals or research activities but waste can also be produced at homes
through dialysis or using insulin injections and even during animal health activities
in rural areas. This is dangerous and needs proper disposal. Although industrial
waste, municipal solid waste, agricultural waste, etc., are harmful and may pollute
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the surrounding air, water and soil, their treatment and disposal are less harmful as
compared to the effects produced from treatment and disposal of biomedical waste
due to production of toxic effluents from the burning of biomedical waste (Levendis
et al. 2001; Soliman and Ahmed 2007; Jindal et al. 2013).

Hospital waste is highly toxic in comparison to the other wastes. Though, 75—
90% of waste produced by health care institutes from administration unit and
housekeeping cells, is non- toxic, the remaining 10-25% of the waste is regarded as
‘hazardous’ and may create variety of health risks (Shalini et al. 2012; WHO 2013).
Infectious diseases such as HIV, Hepatitis (all kinds), and tetanus all are very
common in people associated with handling of biomedical waste. In order to pre-
vent such deadly infections and to protect the environment, The Ministry of
Environment and Forest (India) formulated and notified biomedical waste (man-
agement and handling) rules in 1998 that issues guidelines to all institutes pro-
ducing biomedical waste to ensure safety and soundness in management of their
wastes (Da Silva et al. 2005).

Advancement in healthcare facilities around the globe has led to serious
improvement of biomedical waste management in developed countries. However,
despite strict regulations in the Indian context, the paradox of the situation is that
the healthcare facilities which are basis for maintenance and restoration of public
health have caused a huge health risk due to improper management of waste by
people in charge and have posed a huge threat to environment (Mathur et al. 2012).
Globally categorized as a serious issue, biomedical waste demands appropriate and
necessary steps of management and disposal worldwide (Kumari et al. 2013). The
waste disposal is overseen by government agencies but regulations have to be
abided by private healthcare organizations too (Radha et al. 2009).

Improper management of waste may lead to change in microbial ecology and
spread of antibiotic resistance. Thus, the best disposal option should aim at the
minimization of toxic substances from medical institutes to the environment. In the
light of above facts and figures, the study is to be carried at the capital of the state
Himachal Pradesh i.e. Shimla. The city is located at 31° 6" 12" north latitude and
77° 10’ 20" east longitude and 2,206 m above the mean sea level. The population
of the city according to the 2011 census was found to be §,13,384.

The main aim of the study to be conducted is to study, evaluate, and compare the
waste management steps, waste handling procedures, and treatment methods being
undertaken by the majority of the public and private sector hospitals in Shimla City
to prevent the spread of infections diseases due to improper disposal of hospital
waste.

Management of Biomedical Waste

In 1980s in United States, a huge chaos was raised by people about hospital waste
hovering around and children playing around thus the management of biomedical
waste became an issue of concern. The US Medical Waste Tracking act of 1988
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was enacted and enforced on November 1, 1988 (Dayananda 2004). A huge out-
burst against various agencies by public was observed to put pressure on
Government of India to enact appropriate laws in country against various practices
of disposal of biomedical waste. The Ministry of Environment and Forest of
Government of India has enacted Biomedical Waste (Management and Handling)
rules which became effective from July 20, 1998. The rules have six schedules as
briefly described below.

Schedule 1 classifies the biomedical waste into ten categories (The Gazette of
India 1998).

Schedule 2, describes the color coding scheme and types of containers to be used
for collection and storage of biomedical waste.

Schedules 3 and 4, recommend that containers should be appropriately labeled
with biohazard or cytotoxic symbol to avoid risk. In case the waste is to be
transported offsite, appropriate measures needs to be taken to make containers leak
proof to avoid any spillage.

Schedule 5 describes the treatment and disposal options for each category of
waste.

Schedule 6, makes it compulsory for all the hospitals, clinics, nursing homes and
veterinary institutes, animal house and slaughter house to install appropriate waste
management amenities in place.

Before the enforcement of Biomedical Waste (management and handling) rules,
the municipal or government authority was solely responsible for handling all types
of waste appropriately and efficiently, but now it has become mandatory for all
health care organizations to manage their waste according to the rules enacted by
government (Patil and Pokhrel 2005).

Incineration is the most general method for biomedical waste treatment and is
most apt for combustible materials. However, some material like body parts and
urine bags cannot be disposed by incineration thus needing other methods for the
treatment. Incineration leads to 80% reduction in waste volume and also decon-
tamination of waste being incinerated (Ferreira and Veiga 2003). It is the respon-
sibility of the producer of the waste to take measures for proper and safe disposal of
waste so that there is no undesirable effect on environment. The setting up of
incinerator in hospitals with more than 50 beds is compulsory under Section 15(1)
of the Environmental (protection) Act 1996 according to which whoever fails to
abide by the orders issued by the government will be punished by “imprisonment
for term extending up to 5 years or 1,00,000 Rupees cash, or both and an additional
fine may be imposed extended up to 5000 Rupees per day if there is continued
delay or negligence after conviction for first such failure or contravention (Yadav
2001).

Incineration is the most widely used technology for waste treatment but it
imposes a great risk of environmental and health hazard due to wide varieties of
pollutants released from the burning of biomedical waste such as dioxins, furans,
etc. Further, incineration has been concluded as the most expensive treatment for
biomedical waste management in developing countries (Diaz et al. 2005). Therefore
other methods such as plasma pyrolysis and electro-thermal deactivation



228 P. Vasistha et al.

(ETD) may be used and encouraged as alternatives to incineration (Jang et al.
2006). However, these alternatives are costly procedures and are often not imple-
mented due to high operation and maintenance costs.

Methodology

The study was conducted in the major public hospital of Shimla city. From the
survey conducted and the data acquired, the bed capacity is about 800 and daily
patient frequency in public sector hospital was about 777 patients on a daily basis.
The name of the hospital has not been disclosed due to the administrative reasons.
The data collected from the different units is based on the interview sessions with
the person in charge, survey of the hospital wards, field visits and the crucial site
observations.

Observation

The field observation involved critical examination of the quantification of waste,
segregation, collection, transportation, final treatment and disposal as well as the
occupational safety of the person in charge, the intensity with which the guidelines
were being followed in the hospitals and various regulations imposed by the
administrative unit for maintenance of a safe and healthy environment. It also
concentrated upon problems faced by the workers and the staff due to improper
disposal at disposal sites.

Questionnaire Session

The prepared questionnaire (Vasistha et al. 2015) was utilized and the questionnaire
was framed with the purpose of obtaining knowledge about the present waste
generation and strategy of management being followed in the hospital and deter-
mining the various factors which restrict the proper management and disposal of
waste being generated in various wards at the hospitals.

Management and Implementation at Public Sector Hospital

The public sector hospital has 33 departments. The Waste management in the
hospital premises is done by a team of 3 main doctors with nurses and other
workers for collection and disposal of waste. The annual statistics show that the
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Table 1 Generation of biomedical waste for public sector hospital in various wards (kg)

S. No. | Ward name Type 1 |Type |Type3 |Type4 |Total | Total Total per
(yellow |2 (red | (blue (black | per per year
bag) bag) |bag) bag) day week
1 O.P.D skin - 2.50 3.25 4.00 9.75 | 68.25 24,911.25
2 O.P.D. surgery |3.11 2.72 3.60 4.12 | 13.55 | 94.85 34,620.25
3 Minor O.T. 7.35 4.73 1.12 345 ]16.65 |116.55 42,540.75
4 O.P.D. EN.T. |2.77 221 0.50 582 |11.3 79.1 28,871.5
5 Cardio— 8.73 434 2343 9.92 4642 |324.94 |1,18,603.1
thoracic
6 Microbiology | 1.17 1.50 4.53 5.78 | 1298 | 90.86 33,163.9
7 Causality and | 7.47 8.56 8.00 11.32 | 3535 | 247.45 90,319.25
O.P.D.

total no. of admitted patients was 31,872 out of which 31,771 patients were dis-
charged. The total no. of treatment days for patients observed were 2,44,503. The
maximum amount of infectious and noninfectious waste generated is in the cardio—
thoracic vascular surgery, O.T. and I.C.U. department which is about 46.42 kg of
waste/day followed by causality and O.P.D. department which is about
35.35 kg/day and minor O.T. about 16.65 kg/day. The used syringes are disinfected
with chlorine solution before treatment. The details of waste generation are pre-
sented in Table 1. The instruments used for the diagnosis are reused after steril-
ization. The average inpatients are 669 with average bed occupancy of 84. The
various processes of collection, segregation, transportation, and disposal in the
public sector hospital have been described in the following paragraphs below.
The collection of the waste at the public sector hospital is done by workers
assigned to particular wards. The wards such as minor O.T. and causality, cardio—
thoracic where the waste production is high due to high rate of cases per day, the
collection occurs 3 times a day, once at 7.30 am in the morning, second at 1.30 pm
in the evening and third at 6.30 pm in the evening. For other wards, the collection is
twice a day. For general waste the municipality is responsible and frequency of
removal is once a day. The waste is segregated at the point of generation in hospital
as per the waste characteristics. Appropriate color-coded high-density polyethylene
bags are used according to schedule 2 of Biomedical Waste (Management and
Handling) Rules, 1998 after the waste segregation has been carried out. Though no
prescribed routes are followed, in public sector hospital the waste is collected and
directly taken to the incineration plant on campus for the further treatment. The
public sector hospital uses on site incineration plant for treatment of biomedical
waste. The chlorine solution is used for disinfection of sharps and plastic waste. The
autoclave is used for thermal treatment of culture and stock, sharps, syringes,
cathedras, blood and urine bags, surgery waste; laboratory waste (excluding
chemicals), etc. The sharps such as needles are mutilated by needle destroyers and
the destroyed needles are then disinfected with 0.5% chlorine solution for 30 min to
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Fig. 1 Ward-wise waste percentage composition (yearly)

1 h. The final disposal of the waste though is incineration process. Table 1 illus-
trates the generation of biomedical waste in the public sector hospital and Fig. 1
shows the percentage composition from all the different ward categories (yearly).

Results and Discussions

It is observed that the public sector hospital segregates the waste using appropriate
methodology following guidelines prescribed in Schedules 1 and 2. The workers
handling biomedical waste are aware enough to understand the oddness of the
situation; hence they follow the guidelines given to them by higher personnel.
A regular report is submitted to Pollution Control Board at the year end. Also
regular visits are paid by board members to the hospital to know the current status
of the biomedical waste management. From Table 1, it is observed that the cardio—
thoracic ward generates the maximum biomedical waste and the O.P.D Skin Ward
generates the least amount of biomedical waste. This is due to the fact that the cost
of treatment for skin grafting, plastic surgery, etc., are fairly high enough and not
affordable by common people as the income and standard of living of people in and
around the place is not high enough as compared to the cost of the treatment. Thus,
the number of treatments and patients per day are limited in this ward so the amount
of waste produced is less. Figure 1 also corroborates this fact. It was also deter-
mined that incineration process is utilized for treatment of biomedical waste.
Regular visits to the hospital and analysis of questionnaire data revealed that
the hospital disposes off their sharps and needles by landfill in secured pits.
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After interaction with the staff and the workers of the incineration plant it was found
that the biomedical waste management was followed at its best but at the incinerator
plant site of the public sector hospital there is a need of infection control and good
environmental maintenance, as the building housing the incinerator needs imme-
diate repairs and maintenance. Further, very few workers are involved in the actual
incineration process of waste and thus there is a need to increase the number of
personnel to improve the biomedical waste management at the incinerator location.

Conclusion

From the above discussions, the authors conclude that the hospital is a role model in
the management of biomedical wastes in accordance with the biomedical waste
(management and handling) rules as prescribed by the GOI. This is particularly
significant in context of the limited study carried out in the area of biomedical waste
management in and around the state; the hospital could be set as a very good
example of biomedical waste management. This has been successful due to support
from state- and national-level government, acceptance by the local people by
providing a shared-use incinerator facility for other hospitals. Also, there exists a
scope for huge improvement in the region.

Acknowledgements The authors wish to express their gratitude to all doctors, nurses, staff, and
workers of the hospitals for their great guidance, support and assistance. Their information and
co-operation was valuable and inevitable.

References

Dayananda CM  (2004) www.expresshealthcaremgmt.com/200608/managementO1.shtml.
Downloaded on 4 June 2016

Da Silva CE, Hoppe AE, Ravanello MM, Mello N (2005) Medical wastes management in the
south of Brazil. Waste Manage 25:600-605

Diaz LF, Savage GM, Eggerth LL (2005) Alternatives for the treatment and disposal of healthcare
wastes in developing countries. Waste Manag 25(6):626-637

Ferreira PA, Veiga MM (2003) Waste operational procedures: a case study in Brazil. Waste
Manage Res 21:377-382

Jang Y-C, Lee C, Yoon O-S, Kim H (2006) Medical waste Management in Korea. Environ
Manage 80:107-115

Jindal AK, Gupta A, Grewal VS, Mahen A (2013) Biomedical waste disposal—a system analysis.
Med J Armed Forces India 69(4):351-356

Kumari R, Srivastava K, Wakhlu A, Singh A (2013) Establishing biomedical waste management
system in Medical University of India—a successful practical approach. Clin Epidemiol Glob
Health 1(3):131-136

Levendis Y, Atal A, Carlson J, Quintana M (2001) PAH and soot emissions from burning
components of medical waste: examination/surgical gloves and cotton pads. Chemosphere
42:775-783


http://www.expresshealthcaremgmt.com/200608/management01.shtml

232 P. Vasistha et al.

Mathur P, Patan S, Shobhawat S (2012) Need of biomedical waste management system in
hospitals—an emerging issue—a review. Curr World Environ 7(1):117-124

Patil VG, Pokhrel K (2005) Biomedical solid waste management in an Indian hospital: a case
study. Waste Manag 25:592-599

Radha KV, Kalaivani K, Lavanya R (2009) A case study of biomedical waste management in
hospitals. Glob J Health Sci 1:82-88

Rao SKM, Ranyal RK, Bhatia SS, Sharma VR (2004) Biomedical waste management: an
infrastructural survey of hospitals. Med J Armed Forces India 60:379-382

Shalini S, Harsh M, Mathur BP (2012) Evaluation of bio-medical waste management practices in a
government medical college and hospital. Natl J Commun Med 3(1). pISSN: 0976 3325
eISSN: 2229 6816

Soliman SM, Ahmed AI (2007) Overview of biomedical waste management in selected
governorates in Egypt: a pilot study. Waste Manage 27(12):1920-1923

The Gazette of India (1998) Biomedical waste (management and handling) rules, 1998.
Extraordinary Part I Section 3—subsection (ii). Ministry of Environment and Forest,
Government of India, India, pp 10-20 Notification dated 20th July

Vasistha P, Ganguly R, Gupta AK (2015) Questionnaire method for assessing biomedical waste in
Shimla City—case studies of public and private hospitals. In: 9th International Conference on
Innovative Research in Civil Engineering, Architecture, and Environmental Engineering for
Sustainable Development (CEAESD-2015) held during December 12—-13, 2015 at Jawaharlal
Nehru University (JNU), New Delhi, India, pp 11-14

World Health Organization—WHO medical waste (2013) Available online at the following link
http://www.who.int/topics/medical_waste/en/

Yadav M (2001) Hospital waste—a major problem. Hospital Today 8(4):276-282



http://www.who.int/topics/medical_waste/en/

Fuel Loss and Related Emissions Due
to Idling of Motorized Vehicles at a Major
Intersection in Delhi

Niraj Sharma, P.V. Pradeep Kumar, Anil Singh and Rajni Dhyani

Abstract Traffic intersections are considered as air quality hotspots as they mostly
exceed the prescribed air quality standards specified by various regulatory agencies
due to high vehicular activities, idling, and related vehicular emissions. Delay at
traffic intersections results in fuel loss due to idling of vehicles and related emis-
sions. In the present study, Ashram Chowk, a major intersection in Delhi has been
selected. Nearly 3.4 lakh vehicles pass through Ashram intersection daily, out of
which nearly 20% (~ 60,000 nos.) of the traffic faces average time delay (or idling)
for time varying from 6 to 8 min delays per hour. In the present study, a
methodology has been developed for the estimation of emissions (such as CO,,
CH,4, CO, NO,, NO,, NMVOC, etc.) from fuel loss occurring during idling of
vehicles using IPCC emission factors. The study highlights the importance of
reducing fuel losses at intersections to achieve sustainable air quality.

Introduction

Countries around the world are concerned with the impact of transportation on the
environment and human health. Vehicles have increased many folds in India, nearly
10.5% annual vehicular growth has been observed in India from 2002 to 2012,
especially in metro cities (MoRTH 2013). Delhi, the capital city of India, has seen
7.7% increase in 2002-2012. It has vehicular pollution of nearly 8 million and con-
stitutes around 4.6% of the total traffic in India. In Delhi, consumption of diesel and
petrol by the road sector has seen substantial growth over the past two decades. The
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road transport sector consumes 35% of the total liquid commercial fuel consumption
by all sectors (Singh et al. 2008). Due to increased personalized transportation mode
than public transportation system, large numbers of vehicles are on road leading to
congestion and traffic jams. The fuel consumption and fuel consumption by various
categories of vehicles depend upon the driving cycle of the city. Driving cycle affects
the fuel consumption of a vehicle. In urban areas idling, due to red light stop or due to
congestion or traffic jam also constitute the part of driving cycle. The direct effect of
idling of vehicle is fuel loss as well as related emissions from burning of fuel. Fuel
consumption may be small when one quantifies it for a vehicle, but when hundreds of
vehicles are idle at various intersections or due to a traffic jam in the city its magnitude
increases and in turn emissions. The variety of settings in which vehicular idling
occurs, can be broadly categorized into three domains: (1) idling to warm the engine;
(2)idling while waiting for something unrelated to traffic (e.g. waiting for a passenger;
in a drive-through); and (3) idling while in traffic (e.g. at stoplights; in traffic jams)
(Guttikunda 2009). Unnecessary vehicle idling is a common source of GHGs emis-
sion (CO,, CH4, N;,O, CO, NMVOCs, SO, NOy) and other air pollutants. Not only
does it contribute to the global climate change but it also wastes a large amount of fuel
threatens our energy future (Morshed 2010). Natural Resource of Canada (NRC 2009)
reported that idling longer than 10 s uses more fuel and produces more CO, compared
to restarting the engine. Similarly, Burgess et al. (2009) reported that idling vehicles in
the city produce 130,000 tons of CO, in New York City (USA). Apart from idling,
these vehicles also emit 940 tons of NO,, 2,200 tons of VOCs, 24 tons of soot
particles, and 6,400 tons of CO each year. The study reported that citywide idling
wasted an average of 30,000 gallons of gasoline and 20,000 gallons of diesel on an
average weekday, apart from fuel costs due to idling when engines run longer than
necessary. In European countries like Italy, Austria, Germany, The Netherlands,
France, etc., the recommended guideline for turning off the engine range from 10 to 60
s (NRC 2011). In a study conducted by Central Road Research Institute (CRRI) in
2005 estimated that fuel worth of Rs. 1,000 crore is wasted every year in Delhi by
vehicles idling at 600 signalized traffic signals and was around 15% of the total fuel
consumed annually in Delhi. In addition, the time loss to the commuters is also
associated with the delays. Further, 0.37 million kilograms of CNG, 0.13 million
liters of diesel, and 0.41 million liters of petrol wasted every day due to idling of
vehicles costing around Rs. 27.25 millions per day and Rs. 9944.5 million per year.
The running engines during idling also generate emissions, which are harmful both to
human health and ecology (Parida and Gangopadhyay 2008). In the present study, an
effort has been made to quantify the fuel consumption during idling by various cat-
egories of vehicles and estimation of related emissions at a major intersection in Delhi.

Methodology

For the present study, Ashram Chowk has been selected. It is one of the busiest
intersections of Delhi city and caters to both urban and regional traffic. National
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Highway-2 (NH-2) is a part of intersection joining Mathura to Delhi. The inter-
section connects adjoining Faridabad and Noida city to Delhi. The intersection
caters to the urban traffic throughout the day and intercity traffic (mostly com-
mercial) during the night.

The present study pertaining to estimation of emissions due to idling of vehicles
at signalized intersection have two components: (i) carrying out fuel consumption
study at idling on various test vehicles of different types, categories, fuel usage(s),
etc., (ii) converting the fuel losses as estimated in step (iii) into emissions by
employing appropriate emission factors (i.e. IPCC) and various other input
parameters collected from primary surveys and/or secondary sources.

Fuel Consumption Measurement

Measurement of fuel consumption at idling was carried out on petrol and diesel
powered various categories of vehicles. Depending on the type of vehicle and
engine technology, a different type of fuel flow detector was used for petrol and
diesel powered vehicles [(i) MF-2200, (b) FP-2140H and (iii) FP-213S fuel flow
detector (ONO SOKKI, Japan) with measurement capability of up to 0.1 ml].
Depending on fuel type and engine type, these fuel flow detectors were connected
with a fuel flow meter to accurately measure the flow rate of fuel. For petrol and
diesel vehicles, fuel connections for the existing vehicle were removed and the fuel
flow detector was connected on-line. The duration of the measurement for fuel
consumption measurement studies for different types of test vehicles was 40 min
with the first 10 min measurement was to account for engine warm up and for the
engine to hot stabilize (Pradeep et al. 2014). In the present study, fuel consumption
at idling data for different categories of CNG and LPG vehicles were adopted from
earlier CRRI Study (Parida and Gangopadhyay 2008) and used for estimation of
fuel losses as well as corresponding emissions at the intersection.

Emission Estimation Methodology

Quantification of emissions from idling of motor vehicles at various signalized
intersections require a variety of input parameters, including (i) fuel consumed by
different categories of motor vehicles during idling, (ii) number of vehicles of
different types and categories of vehicles [cars (4W), two wheelers (2W), three
wheelers (3W), buses, light commercial vehicles (LCV), heavy commercial vehi-
cles (HCV), multi-axle vehicle (MAV)] idling at selected signalized intersection,
(iii) vehicles idling at intersection are further categorized by fuel type (petrol, diesel,
CNG, LPG) and technology type (2 strokes, 4 strokes, etc., for 2Ws) from the
information gathered from fuel stations surveys carried out at selected intersection
(iii) traffic delays due to vehicles idling at intersection and (iv) fuel-based emission
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Table 1 Input data required for estimation of emissions during idling at intersection

S. Input data Unit Types of Source
No. survey
1 Idling vehicles (24-h) at signalized Vehicles/h | Manual Primary
intersections count survey
2 Categorization of vehicles based on No. of Fuel station | Primary
* Fuel type (petrol, diesel, CNG, LPG) vehicles survey survey
* Technology type (2 strokes, 4 strokes etc.
for 2Ws)
3 Age profile/vintage of vehicles Number Fuel station | Primary
or % survey survey
4 Fuel consumption by different categories | ml/10 min | Fuel flow Primary data
of vehicles during idling petrol and diesel measurement
vehicles
5 Average hourly time delays at various seconds Time delay Primary
signalized at intersections for each survey survey
category of vehicles
6 Net calorific value (NCV) TI/10° ¢ Secondary IPCC (2006),
data Singh et al.
(2008)
7 Emission factor (EF) t/TJ Secondary IPCC (2006)
data

Table 2 Net calorific value (NCV) and IPCC emission factors
Fuel type NCV (TJ/10° t) Emission factor-(kg/TJ)

CO, CH, N,O CO NO, NMVOC
Petrol 44.80 69300 19.8 1.92 8000 600 1500
Diesel 43.33 74100 39 39 1000 800 200
CNG 48.00 56100 92 3 400 600 5
LPG 47.00 63100 62 0.2 400 600 5

factor(s) for different categories of vehicles which converts fuel consumed by these
idling vehicles to corresponding air pollutants/emissions. Table 1 shows that
methodology/surveys required collecting the above input parameters.

In the present study, fuel-based emission factors (IPCC 1996, 2006) (Table 2)
were used to convert quantity of fuel consumed during idling of these vehicles to
corresponding emissions. The IPCC emission factors expressed in the terms of
kg/TJ (energy terms) uses net caloric value (NCV) of different types of fuels to
estimate emissions in terms of following six pollutants, viz., CO,, CH,, CO, N,O,
NO,, and NMVOC. Therefore, fuel consumption (expressed in ml/10 min) deter-
mined for different fuel type, categories and vintage of vehicles during fuel con-
sumption studies at idling were converted in terms of mass (i.e. gm/s) (1 ml
petrol = 0.74 g; 1 ml diesel = 0.83 g) for ease of calculation and its conversion in
terms of energy (MJ/gm) and then emissions (gm/MJ).
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Emissions (kg per hour) were estimated using default gas-specific emission
factors (t/TJ) for each fuel type used and other inputs by using the following
equation (1):

Er = [ Via: Fetg.00. Dy T34 NCV1.EF .| /1000 (1)
where,
E; Total emission of pollutants type i (kg/h)
Vi Gy vehicle type j of vintage ky (no. of vehicles)

FC, s ky Fuel consumption during idling by vehicle type j using fuel type f of
vintage ky (I/h)

Dy Density of fuel f (kg/l)

Ty s ryy Time delay at traffic intersections by vehicle type j of fuel type f of
vintage ky (s)

NCV; Net Calorific value for fuel type f [Tera-joule/tons (TJ/t)]

EF Emission factor for fuel type f of pollutant type i [tons/Tera-joule (t/TJ)]

Results and Discussion

The fuel consumption during idling was estimated for cars petrol (Car-P), cars
diesel (Car-P), 2 W-4S (motorcycles) and buses (Bus-D). In Fig. 1, fuel con-
sumption of different categories of and vintage vehicles has been compared. The
variations in fuel consumption among different categories and type of vehicles were
observed could be due to differences in engine capacity, vehicle technology, fuel
quality, etc. The mean value of fuel consumption at idling is predominantly
dependent upon engine capacity and vehicle technology and it varies from 144 to
900 ml/h for the observed vehicles tested in different vehicle categories.

The diurnal traffic variation at Ashram intersections has been shown in Fig. 2, it
could be easily observed that private vehicles such as 4Ws (cars) (51%) and 2Ws

Fig. 1 Idling fuel s ®1985-1999  m2000-2004
consumption of vehicles E 200 2005-2009 >2010
(petrol and diesel): model S
year basis 2 150
Fl
< 100
=3
]
=
£ 50
Qo
z , L — )
= 2W-4S Car-P Car-D Bus-D

Vehicle Type
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(scooter, motorcycle, etc.) (25%) are dominant vehicle categories followed by 3Ws,
LCVs, buses, HCVs/MAVs (Fig. 3). Ashram intersection is a high-traffic volume
intersection (traffic volume > 2 lakh/day) it caters to ~2,39,749 vehicles/day
(excluding traffic pass intersection by flyovers) out of which nearly 28% of vehicles
(i.e. ~67000 vehicles) idle per day. The selected intersection has been classified as
high traffic intersection according to the traffic volume.

High arrival rate of vehicles than departure rate of traffic volume at almost all
intersections leads to longer queues, longer delay time and congestion are the main
reasons for the longer idling time. The average delay at the intersection ranged in
between 400 and 550 s per hour (Fig. 4). The maximum delay was observed during
evening peak hours (1700-1800 h) and minimum during early morning hours.

Fuel loss estimated at Ashram intersection using fuel consumption per vehicle,
idling traffic, time delay by using above discussed methodology. It was estimated
that in a day, ~4200 kg of fuel is lost during idling at Ashram, out of which
~2,000 L is Petrol, 1,100 L Diesel, 1,900 kg CNG and 44 kg LPG is lost due to
idling of vehicles (Fig. 5).
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Fig. 6 Diurnal variation in GHGs emissions due to idling of vehicles at Ashram intersection

Greenhouse gases (CO,, CHy, and N,O) emissions and indirect greenhouse gas
(CO, NO4 and NMVOC) emitted from vehicles were estimated using IPCC
emission factors. It was observed that CO, has highest contribution to emission
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load among all the GHGs estimated followed by CO, NO, NMVOC, and CH4
(Fig. 6). The morning peak and evening traffic peaks have resulted in corresponding
high emissions during those hours.

Among all the pollutants it was estimated that high CO emissions has been
contributed by large share of petrol-(rich mixture due to low air: fuel ratio) driven
vehicles (~57%) in total idling vehicles. Emission NO, and N,O are mainly from
diesel vehicles (lean air: fuel ratio) which are ~20% of total vehicular fleet idling at
Ashram intersections. Similarly, CH,4 could be contributed by CNG driven vehicles
which are around 23% of total traffic volume.

Conclusions

Signalized traffic intersections are considered as urban hotspots due to high air pol-
lution levels caused by high vehicular activities. Apart from effective red signal time, a
high number of vehicles, traffic congestion and are the main reasons for unnecessary
idling of vehicles at signalized intersections, which results in deterioration of air
quality many times exceeding the air quality standards prescribed by local regulatory
authorities. In the present study, idling fuel consumption of various categories of
vehicles was estimated, further, Ashram intersection in Delhi was selected for esti-
mation of emissions due to idling of vehicles. It was observed that nearly 6000 of
vehicles idle at Ashram intersection per day, which results in nearly 4200 kg/day of
fuel loss. The fuel loss accrued results in the release of emission of various GHGs,
making it an apt example of an urban hotspot. Further, if we convert the fuel loss due
to idling in monetary terms it was estimated that nearly Rs. 3,00,000/days is wasted.
With nearly 600 signalized intersections in Delhi the fuel loss and corresponding
emissions could be detrimental economically and environmentally. The environmental
and monetary losses due to idling could be reduced by efficient public transport, which
not only helps in reducing congestion, pollution, and is less costly and uses energy
efficiently. In cities like Delhi, short trip commutation problems could be reduced by
effectively and organized use of non-motorized transport system. Comprehensive
traffic management, planning along with extensive public transportation system could
help to reduce the fuel loss and related emissions.

Acknowledgements The authors are thankful to Director, CSIR-CRRI for kindly permitting to
publish the present paper. Rajni Dhyani is thankful to CSIR for providing financial assistance
through CSIR Senior Research Fellowship.

References

Anil Singh S, Gangopadhyay PK, Nanda S, Bhattacharya C, Sharma C, Bhan C (2008) Trends of
greenhouse gas emissions from the road transport sector in India. Sci Total Environ 390
(1):124-131



Fuel Loss and Related Emissions Due to Idling of Motorized ... 241

Burgess E, Peffers M, Silverman I (2009) Idling gets you nowhere-The health, environmental and
economic impacts of engine idling in New York City, Environment Defense Fund, February 2009

Guttikunda S (2009) Indicative impacts of vehicular idling on air emissions, simple interactive
models for better air quality. SIM-air working paper series: 18—-2009

IPCC (2006) Guidelines for national greenhouse gas inventories. Work book vol 2,
Intergovernmental Panel on Climate Change

IPCC (1996) “Revised Guidelines for National Greenhouse Gas Inventories. vol 2, Energy
Intergovernmental Panel on Climate Change

MoRTH (2013) Road Transport Yearbook, (2011-12). Ministry of Road Transport and Highways.
Government of India

Morshed MR (2010) Unnecessary idling of vehicles: an analysis of the current situation and what
can be done to reduce it. Master of Engineering Thesis Work. Mc Master University, Ontario
Canada, Sept 2010

NRC (2011) Emission impacts resulting from vehicle idling. Natural resources Canada. Retrieved
15 Mar 2013 at http://oee.nrcan.gc.ca/transportation/idling/10617

NRC (2009) Idling wastes fuel and money. Natural resources Canada. Retrieved 15 Mar 2013 at
http://www.oee.nrcan.gc.ca/transportation/idling/wastes.cfm?attr=8

Parida P, Gangopadhyay S (2008) Estimation of fuel loss during idling of vehicles at signalized
intersections in Delhi. J Indian Road Congr 69(1):61-69

Pradeep PV, Sekhar CR, Singh A, Sharma N (2014) Understanding variability of fuel consumption
in vehicle. Project Stream Mag 1(1):25-26


http://oee.nrcan.gc.ca/transportation/idling/10617
http://www.oee.nrcan.gc.ca/transportation/idling/wastes.cfm?attr=8

Emission Inventorisation and Modelling
of Non-Methane Volatile Organic
Compounds from Petrol Distribution
Centres in an Urban Area

Sunil Gulia, Richa Sehgal, Sumit Sharma and Mukesh Khare

Abstract Non-methane volatile organic compounds (NMVOCs) are associated
with various respiratory, cardiovascular and cancerous diseases. Emission of
NMVOCs from petrol distribution centres in urban areas is one of the major
sources. This study focuses on the estimation of emission load of NMVOCs from
petrol distribution centre in one of the metropolitan cities of India, i.e., Delhi city. It
is estimated that approximately 3190 tone of NMVOCs are emitted every year from
petrol pumps in Delhi city. Further, AERMOD has been used to simulate NMVOCs
concentrations over Delhi city in three different seasons (winter, summer and
post-monsoon). Further, AERMOD’s predicted NMVOC concentration are com-
pared with monitoring data at three different locations in Delhi city for winter
period and observed satisfactory performance of AERMOD. It is observed that
ambient NMVOCs concentrations exceed the NAAQS in Delhi city.

Keywords Urban air pollution - NMVOCs - Petrol retail distribution center
Emission load - AERMOD

S. Gulia (<)) - R. Sehgal - M. Khare
Civil Engineering Department, IIT Delhi, HauzKhas, New Delhi, India
e-mail: sunilevs @gmail.com

R. Sehgal

e-mail: richasehgal2908 @ gmail.com
M. Khare

e-mail: mukeshk @civil.iitd.ac.in

S. Sharma

Centre for Environmental Studies, The Energy and Resources Institute,
New Delhi, India
e-mail: sumits@teri.res.in

© Springer Nature Singapore Pte Ltd. 2018 243
V.P. Singh et al. (eds.), Environmental Pollution, Water Science
and Technology Library 77, https://doi.org/10.1007/978-981-10-5792-2_21



244 S. Gulia et al.

Introduction

Urban air quality is deteriorated in most of the megacities of the world. In devel-
oping countries, the problems of poor air quality is serious due to increasing
demand of motorized road transportation, which is one of the dominant source of
urban air pollution (Singh et al. 2007; Ramachandra and Shwetmala 2009; CPCB
2010). In addition to the emission from combustion of fuels, the fugitive emissions
of pollutant such as VOCs due to their volatile nature is one of the major problem in
urban area. The non-methane organic compounds are grouped as NMVOCs as the
majority of them having similar behavior in the atmosphere. In literature, it is
observed that considerable attention has been paid on management of criteria air
pollutants, however, NMVOCs have steadily grown unnoticed. They are potentially
carcinogenic and mutagenic in nature at specified concentrations levels and may
provide significant risk to human health (Edgerton et al. 1989). In addition to that
NMVOCs act as important pre-cursors of ground level Ozone formation and sec-
ondary particulates known as secondary organic aerosols (SOA). Past studies
indicate that VOCs concentration in Delhi city is exceeded the national ambient air
quality standard (Srivastva et al. 2005; Singh et al. 2012; Chauhan et al. 2014). The
major source reported in these studies are paints industries, evaporation fossil fuel
and vehicles exhaust emission. Evaporation of fossil fuel at fuel distribution centre
is one of the major sources of NMVOC:s. It may evaporates from fuel storage tanks,
during loading and unloading of fuel, injection systems and refueling in vehicles.
Gasoline vapors evaporates during refueling adding pollutants like benzene,
toluene, ethylbenzene and xylene to the ambient air. The important factors affecting
the evaporation of gasoline are temperature fluctuations, permeation of fuel through
hoses and fitting etc. High ambient temperatures cause large evaporative losses.
There is a clear need for an evaluation of these hidden sources of NMVOCs, their
emission load and control in the urban area.In the present study, an attempt has
been tried to evaluate the impacts of evaporative emission of NMVOCs from petrol
station in Delhi city. The study includes emission inventory development of
NMVOCs and prediction of NMVOCs concentrations over Delhi city.

Materials and Methods

The methodology of evaluation of impacts of NMVOCs emission from Petrol filling
stations on urban air quality in Delhi city is carried out in three steps: (1) Data
collection such as total number of Petrol filling stations in Delhi city, capacity of
Petrol storage at each station, number of vehicles coming for Petrol filling etc.,
(2) Emission inventory development of NMVOCs and (3) Air quality modeling
using AERMOD for prediction of NMVOCs concentration over Delhi city.
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Fig. 1 Delhi city map

The Study Site

Delhi is one of the seventeen declared NAAs in India (CPCB 2006). It has a
population of 22.2 million and is located at an average altitude of about 215 m
above mean sea level (Fig. 1). It has tropical steppe climate. In summer, the city
experiences dry weather with temperature reaching 4548 °C. During winter, fre-
quent ground based inversion conditions occur with temperature reaching 4-5 °C.
The monsoon season experiences more than 80% of the annual rainfall. Past studies
(Aneja et al. 2001; Mohan and Kandya 2007; Goyal et al. 2010) have reported
frequent violations of NAAQS, particularly during winters.

Data Collection

The secondary data on Petrol consumption in Delhi city across various
petrol/diesel/CNG pumps has been collected from The Energy and Resources
Institute, New Delhi (Table 1). The TERI has carried out fuel stations survey and
collected data on total number of stations and other related information for each
distribution centre.

Emission Load Estimation

NMVOCs emission rate generated from evaporation of Petrol at filling stations has
been estimated using following equation.
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Table 2 Emission factors for petrol filling station in (mg/1)

Emission sources ‘ Emission rate (mg per litre throughout)
Underground tank filling

Submerged filling 880

Splash filling 1,380

Submerged filling and vapor balance 40

Underground tank breathing/emptying 120

Vehicle refueling

Displacement losses (uncontrolled) 1,320

Displacement losses (controlled) 132

Spillage 80

Source AP-42, USEPA (2015)

E=¢ef;+V,*107°

where

E Emission rates of NMVOCs from evaporation of petrol at filling stations
(kg yr )

ef Emission factor for Petrol evaporation (mgl™")

V  Annual sales of petrol in Delhi city (I yr ")

Later, emission of NMVOCs from Petrol distribution stations are distributed in
grid cell over the whole city. The equations used for calculation of grid wise
emission is as follows (Table 2).

_E*Nk

Ey N

where

E, Annual emissions of NMVOC in k grid cell, (kg yr ")
E  Total emissions of NMVOC inDelhi city (kg yr ")

N, Number of service stations in k grid cell

N  Total number of filling stations in Delhi city

Air Quality Dispersion Modelling

The prediction of ambient NMVOCs concentrations is carried out using AERMOD
model, an USEPA recommended air quality dispersion model for regulatory pur-
poses. It is a Gaussian based dispersion model. It incorporates AERMET
(Meteorological Preprocessor) replacing the P-G stability class and AERMAP, to
process terrain features. Input data for AERMET includes hourly cloud cover
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observations, surface meteorological observations, such as, wind speed and direc-
tion, temperature, dew point, humidity and sea level pressure and upper air
soundings. The AERMAP uses gridded terrain data to calculate the representative
terrain-influence height (Cimorelli et al. 2004). AERMOD are set-up using grid
emission data, topographical features and meteorological conditions of Delhi city
for a period of one week in the winter season of year 2013.

Results and Discussion

NMVOCs Emission Load

The NMVOCs emission load due to evaporation Petrol at filling stations in Delhi
city is estimated 3190 tons/year. Further, the total emission load has been dis-
tributed grid wise over Delhi city. Each grid cell size is 2.5 km x 2.8 km. The total
number of Petrol filling stations in Delhi city are 324. The maximum emission load
in grid cell with 8 number of filling stations is 78.76 tons/yr = 2.49 g/s. However,
emission from single filling station is estimated to be 0.312 g/s. Figure 2 shows the
grid wise emission load of NMVOCs in Delhi city.

G ‘.‘:1" garth

7 Scale

@ z312g/s
@ 2.184t02.808g/s
@ 0936t01.872¢g/s
@ 0to0.624g/s

Coogle &

Fig. 2 Grid wise NMVOCs emission rate over Delhi city
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NMVOCs Concentrations Prediction

AERMOD has been setup using each grid as unit area source. Total 221 numbers of
grids have been considered in the modelling as source of NMVOCs. Each grid is
defined by universal transverse mercator (UTM) coordinate system. The centre of
each grid is defined as receptor point and total 221 numbers of receptor points have
been defined in the model. In addition to these, the three selected air quality
monitoring stations of Civil Line, Dwarka and Anand Vihar are also defined as
receptor points. The results of these three receptor points will be used for model
validation. The prediction has been carried out for three different season in year
2013 i.e. winter (month of January), summer (month of May) and Post monsoon
(month of October). The meteorological data has been taken from Indian
Meteorological Department for the study period. Figure 3 indicates spatial distri-
bution of NMVOCs concentrations over Delhi city along with respective windrose

(c) October, 2013

Fig. 3 NMVOCs concentration distribution over Delhi city during 2013
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Fig. 4 scatter plot of predicted and monitoring NMVOCs concentrations

plot of three season. The higher NMVOCs concentration in winter season compared
to post monsoon and summer seasons clearly indicate the impacts of calm mete-
orological condition in winter season. Further, it is also found the NMVOCs
concentration are found higher in Centre, East and South east of Delhi city
(downwind side). It is due to high emission load in these area and due to transport
of pollutants emitted in West and North West of Delhi city (upwind side).

Model Validation

The validation of AERMOD prediction has been carried out by comparing the
predicted and monitoring NMVOCs concentrations (Benzene) at three different
location in Delhi city (Fig. 4). The monitoring data have been collected from the
DPCC operated air quality monitoring stations at Civil lines, Dwarka and Anand
Vihar for the month January, 2013. Figure 4 describe the scatter plot of predicted
and monitoring concentrations data at all three locations. The value of 7> in range of
0.41-0.57 indicate satisfactory performance of AERMOD in predicting NMVOCs
concentrations. However, AERMOD is slightly under predicted which may be due
to non-consideration of other significant sources of NMVOCs in the modelling
study. The NMVOCs concentration are found exceeding the specified standards of
5 pg/m® (MoEF 2009).
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Conclusions

The study has been carried out with aim of emission inventorisation and prediction
of NMVOCs concentrations over Delhi city using AERMOD. The NMVOCs
emission loads from Petrol stations in Delhi city is 3190 tons/year. Further,
AERMOD predict satisfactorily the NMVOCs concentration over Delhi city. The
modelling results indicates higher NMVOCs concentration in winter season fol-
lowed by post monsoon and summer seasons. The values of NMVOCs are found to
be exceeded the specified NAAQS value which needs to be control to reduce the
exposure level and its harmful impacts on environment. This kind of study will
assist decision makers to manage increasing air pollution level by simulating the
control measures such as vapor recovery systems (VRS) at the petrol distribution
centres.
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Comprehensive Physicochemical
Characterization of Coal Combustion
Residues from a Thermal Power Station
of India

Ritesh Kumar

Abstract Coal combustion residue is a by-product from combustion of pulverized
coal in thermal power stations and is considered as a waste material. Coal com-
bustion residues contain many chemical elements that may be potentially harmful to
the environment. Coal combustion residue handling and disposal is a major prob-
lem from an environmental point of view. Though the utilization in India has shown
increase in percentage value, still we are to make sufficient effort to fulfill the
promise of 100% utilization. Although some of the coal combustion residues are
used as construction materials and as backfill material that provides ample oppor-
tunity for its bulk use, most of them are still disposed of in settling ponds, also
known as ash ponds or landfills. The study here presents comprehensive physico-
chemical characterization of coal combustion residues from a thermal power station
of India. The present study is aimed to provide the database relevant to its finding
better utilization potential and also see the effect of land disposal of such ash on the
quality of groundwater and surface water through the laboratory study simulating
field conditions.

Keywords Coal combustion residues « Fly ash - Bottom ash and pond ash
Characterization - Utilization

Introduction

The Indian power sector generated approximately 967.150 BU of electricity in
2013-14 (Ministry of Power 2015). The growth in the power sector during the past
60 years and especially in the past two decades has been phenomenal. Of the total
power generated, more than 50% has been contributed by coal-fired power station
(TEDDY 2014/15; BP 2015). This growth of the power sector during the last one
and a half decade has taken place due to increasing electricity demand and
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industrialization which has led to the per capita increase in power consumption in
India to 1010 kWh in 2014-2015. The installed capacity, which was 72,320 MW
in 1993-1994, has now reached 284, 303 MW as on December, 2015 (TEDDY
2014/15; All India Installed Capacity: CEA Report 2015).

Coal-fired power stations are still the main source of power generation in India.
Coal is the readily available raw material for power generation as India has vast
reserves of thermal grade coal. The estimated coal reserves as on 01.04.14 in India
are 301.564 BT (TEDDY 2014/15; Coal Reserves in India-MCL 2014; Coal
Reserves-MoC 2016. The production of coal has increased from about 70 MT in
early 1970s to 565.766 MT in 2013-2014 (TERI 2014/15). Coal that is used for
power generation in the country is mostly low-grade coal containing 30-50% ash
(Kumar 2003; Ministry of Power 2008; Mishra 2004; Zamuda and Sharpe 2007).
The combustion of coal at the coal-fired power stations produces ash residues of
inorganic minerals.

Around 132 thermal power stations are there in the country that contributes
about 60% of country’s total electric power installed capacity (List of Thermal
Power Stations up to 2016). These thermal power stations at the same time produce
more than 100 MT of coal combustion residues (CCRs) per year that is causing
great environmental concern in the form of air, water and land pollution besides its
proper handling and disposal (Dhadse et al. 2008; Ahmad et al. 2014; Haque 2013).
Disposal of such a huge amount of CCRs craves for huge tract of land besides
having several environmental implications in the disposal environment. In country
like India, where land resources is very limited, proper management of CCRs is the
need of the hour not only in our country, but also throughout the world and all this
requires proper understanding of CCRs through its characterization study.

In India, mostly two types of ashes are produced namely, fly ash and bottom ash.
Fly ash is a by-product from the combustion of pulverized coal in thermal power
stations, and is removed by mechanical collectors or electrostatic precipitators as a
fine particulate residue from the combustion gases. Fly ash can further be classified
into two types, Type F and Type C. Type F ash is produced from bituminous coal,
has low lime content, and possesses little cementitious value by itself. Type C fly
ash is produced from sub-bituminous or lignite coals, has higher lime content and
possesses some cementitious qualities of its own. Bottom ash is the coarser portion
that is collected at the boiler bottom. Wet system of disposal is followed by most of
the thermal power stations in India. In this system of disposal, fly ash is
hydraulically removed from ESPs hoppers and in slurry form sent to the nearby
ponds made for this purpose. Similarly, bottom ash is crushed to the required
fineness and then hydraulically sent to the nearby ponds like fly ash.

In India, at present around 61.37% of CCRs are being utilized, which is still low
as compared to some of the other developed countries of the world where utilization
is close to 100% (CEA-Annual Report 2012—13). The ash utilization in 1992-1993
was 2-3% (Kumar and Mathur 2005). Though in our country the situation has
changed since last one and a half decade we have to go a long way to fulfill the
promise of 100% utilization. Table 1 shows the status of world energy at end 2013.
Tables 2 and 3 show the year-wise power generation in India from 2000-2001 to
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Table 1 Status of world energy at the end 2014 (BP 2015)
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12014 | Change 2014 over 2013 (%)
Electricity
Generation (TWH) 23536.5 15
Coal
Reserves (MT) 891531 -
Production (MT) 8164.9 -0.7
Production (MT of oil equivalents) 3933.5 -0.7
Consumption (MT of oil equivalents) 3881.8 0.4

Table 2 Year-wise power
generation in India (2003—
2004 to 2013-2014) (TEDDY
Annual Report 2003/04,
2004/05, 2005/06, 2009,
2014/15; CEA Annual Report
2011/12, 2012/13, 2014/15)

Table 3 Year-wise per
capita electricity consumption
in India (2005-2006-2012—
2013) (Garg 2012; CEA
Annual Report 2011/12,
2012/13, 2014/15)

Year Generation (BUs)
2003-04 558.30
2004-05 587.40
2005-06 617.50
2006-07 662.50
2007-08 704.50
2008-09 723.80
2009-10 771.60
2010-11 811.10
2011-12 876.40
2012-13 912.06
2013-14 967.15
Year Consumption (kWh)
2005-06 631
200607 672
2007-08 717
2008-09 734
2009-10 779
2010-11 819
2011-12 884
2012-13 917
2013-14 957
2014-15 1010

2013-2014 and per capita electricity consumption in India from 2000-2001 to
2013-2014, respectively. Table 4 shows the per capita consumption of electricity
by leading countries of the world. Table 5 shows the India’s CCRs utilization
scenario. Similarly, Table 6 provides the data on CCRs utilized by the leading

countries of the world.
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Table 4 Comparative per

’ ° Countries Consumption (kWh)
capltg (?onsumptlon of World 2782
electricity (kWh) (Garg 2012)

OCED countries 8486
Middle East 3384
Former USSR 4660
Latin America 1956
Non-OECD Europe 3378
China 2471
Asia 719
Africa 571
India 566
it i e Dision 5
2011/12) CEA Annual Report 2002-03 22.68
2010/11, 2011/12, 2012/2013  2003-04 29.39
2004-05 38.04
2005-06 45.69
200607 50.86
2007-08 53.00
2008-09 57.11
2009-10 62.60
2010-11 55.79
2011-12 58.48
Table 6 Utilization of fly ash g . Country Utilization (%)
by various countries (Kumar ] Australia 20
and Mathur 2005)
2 Canada 40
3 China 35
4 Czechoslovakia 40
5 Denmark 85
6 France 70
7 Germany FR 85
8 Greece 45
9 Hungary 50
10 India 41
11 Israel 80
12 Japan (a) 40
13 Netherlands 100
14 Poland 100
15 South Africa 35
16 U.K. 60
17 US.A 35
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This paper provides a comprehensive characterization of CCRs from an Indian
thermal power station. The paper also covers long-term leaching study to assess
their feasibility as a fill material in mining areas with respect to its potential of
contaminating ground/surface water in the disposal environment due to the leachate
generated from it when used in bulk. The actual aim of this paper is to suggest
CCRs suitability as a fill material in an environmentally friendly manner.

Materials and Methods

Selection of Thermal Power Station

Bokaro thermal power station (BTPS) and the ash ponds are close to the surface
water bodies. The effluents from the ash ponds are discharged to the river Konar.
Besides this there are chances of ground water pollution due to leachates entering
the ground water reservoir. So, in order to monitor the effluents and the leachates,
which may contain trace/heavy elements to the alarming limits, this thermal power
station was chosen for study.

Geographical Location and Study Area Details

Bokaro thermal power station (BTPS) is one of the four thermal power stations under
Damodar valley corporation (DVC), Jharkhand, India that has the generating
capacities of 630 MW. BTPS covering an area of about 65 ha is located in the state
of Jharkhand about 55 km from Dhanbad. It is located on the bank of the river Konar
in Bokaro district. Figure 1 shows the location of the thermal power station and the
ash ponds along the river Konar in the state of Jharkhand. It is the first low-grade
coal burning power station constructed by the DVC. The power station is divided
into two parts, namely, plant A and plant B. Plant A was the nation’s biggest thermal
power station in the sixth decade of the past century with a captive coal mine.
Plant A had 4 units and plant B has 3 units. Plant A had an installed capacity of
247.5 MW and its generation capacity was 175 MW. Plant B has installed as well as
generating capacity of 630 MW. Plant A is now closed due to environment-related
problems and only plant B is operational. The entire power generated at plant B is
supplied to DVC grid. The first unit of plant A was commissioned in February 1953
and the first unit of plant B was commissioned in March 1986. This site for the power
plant was chosen because of easy availability for water from Konar River, coal from
Bermo Colliery, and potentiality for ash disposal. The power generated at BTPS is
utilized by TISCO, Jamshedpur; copper industry at Ghatshila; various industries at
Dalmianagar; IISCO, Burnpur; collieries in West Bengal and Jharkhand; CESC,
Kolkata; railways for traction; and Governments of West Bengal and Jharkhand for
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Fig. 1 Location of Bokaro thermal power stations along the River Damodar

Ta.ble 7 Composition of coal  parariaters Range

ggglgg) used at BTPS (Kumar = arbon (%) 36.28-47.77
Volatile matter (%) 15.87-18.12
Moisture (%) 0.91-1.11
Ash (%) 34.23-40.25
Gross calorific value (kcal/kg) 4670-4970

rural and urban distribution. Table 7 shows the characteristics of coal being used at
Bokaro Thermal Power Station.

Ash Pond and Ash Handling System

Wet system of ash collection is followed at BTPS in which CCRs are disposed off
to the nearby ponds in slurry form via hydraulic transportation. There are three
ponds and CCRs are disposed off to these ponds via pipelines. The ash handling
system at BTPS is designed to handle bottom ash at the rate of 240 ton/h and fly ash
at the rate of 60 ton/h. These capacities are based on the use of coal having
maximum ash content of 31% and ash removal once per 8-h shift.
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Table 8 Status of ash evacuation from BTPS (Lac cu.m) (Kumar 2009)

Thermal | Progress Total

power 1997- | 1998 | 1999— |2000- |2001- |2002- |2003— |2004— |2005- |Progress
station 98 99 00 01 02 03 04 05 06

BTPS 0.4 35 6.34 3.374 |4.01 9.97 11.76 |11.47 |12.08 |62.904

Ash Utilization at BTPS

DVC has taken up significant role in ash utilization in the form of mine filling
(Table 8). Ash is evacuated and transported in protective manner and dumped in
abandoned open cast mines from BTPS ash pond site to S&T patch quarry no. 5 of
Kargoli seam at Bokaro colliery of CCL.

Sampling

Fly ash samples one from the front field (FA#A) and other from the back field
(FA#B) and similarly bottom ash samples one from the front field (BA#A) and
other from the back field (BA#B) were collected on five different days over a week
and a final homogenized sample for each of the fly ash and bottom ash from the
front and the back fields were prepared by mixing the appropriate portions.
Similarly, pond ash samples were collected from the ash ponds site from five
different locations on five different days over a week and a final homogenized
sample was prepared mixing appropriate portions. The CCR samples after coning
and quartering method were then taken for physicochemical characterization and
leaching studies.

Experimental

Physical Characterization

Particle size analysis was done using sieves of standard size ranging from 72 to
400 mesh. Moisture content, bulk density, water holding capacity, specific gravity,
porosity, optimum moisture content, maximum dry density and Atterberg’s limit
were analyzed following the standard method of analysis.

Shear strength of the samples was also studied to study the maximum load that the
samples can bear before undergoing failure. SEM and EDXA studies were con-
ducted using Hitachi Instruments of Tokyo, Japan, Model No. S-415A. TEM studies
were conducted using Model H-600, Hitachi Instruments Ltd., Tokyo, Japan. X-ray
diffractograms of samples were obtained using Philips Diffraction Unit Model-PW
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1011. Perkin Elmer FT-IR Spectrometer Spectrum 2000 Model was used for
recording FTIR spectra of the CCR samples. Chemical compositions of the CCR
samples were analyzed using Philips XRF Model-PW 2400 of Netherland Make.

Chemical Characterization

pH and Electrical conductivity (EC) was measured in a 1:2 soil-water suspension
using CyberScan pH meter Model 510 and conductivity meter Model 200. Organic
carbon and total and available ions in CCRs was determined using standard method
of analysis. Organic carbon was found using Walkley—Black Method. Available N
was estimated by the Kjeldhal extraction and titration technique, available P using
Olsen’s P method and available K was found by ammonium acetate method. The
total CHNS were determined using CHNS analyzer, Model 2400 Ser II. DTPA
Extractable Elements (Pb, Zn, Cu, Fe, Mn, Ni, and Cd) were determined using
DTPA extraction fluid followed by analysis of elements in flame photometer
(Systronics Flame Photometer Model 128 for Sodium and Potassium measurement)
and atomic absorption spectrophotometer (Atomic Absorption Spectrophotometer
GBC-902 for analysis of other elements) (Maiti 2001).

Leaching Studies

Leaching studies were carried out using four different methodologies considering
the various conditions that the CCR samples are likely to encounter (in the real
world) when exposed to the environment. The leachates after having collected were
then analyzed for several elements in flame photometer and atomic absorption
spectrophotometer.

Results and Discussion

Physical Characterization

The physical characteristics of coal combustion residues (Table 9) from Bokaro
Thermal Power Station are discussed below:

The moisture content of CCR samples varied from 0.12 to 2.60%. The fly ashes
were found to have low moisture content compared to bottom ashes. Moisture
content is an important parameter as it helps in finding the amount of moisture to
achieve good compaction or the plastic or liquid limit behavior during handling.
The moisture content depends upon the type of storage or disposal being followed
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Table 9 Physical characteristics of CCR samples from BTPS

Parameters Samples

FA#A FA#B BA#A BA#B PA
Moisture content (%) 0.17 1.12 0.70 2.60 0.21
Water holding capacity (%) 87.20 87.58 61.82 55.97 75.59
Permeability (x10™* cm/s) 2.32 2.12 2.50 1.19 2.12
Specific gravity 2.47 2.53 2.11 2.40 2.60
Surface area (mZ/g) 2.2 2.0 1.5 1.6 2.0
Bulk density (g/cc) 0.978 0.742 0.830 0.906 0.960
Porosity (%) 60.40 70.67 60.66 62.25 50.16
Atterberg limits
LL (%) 25 32 30 23 21
PL (%) NA NA NA NA NA
Proctor test
OMC (%) 21.57 18.76 29.32 31.78 20.68
MDD (g/cc) 1.31 1.29 1.15 1.07 1.27
Proximate analysis
Moisture (%) 0.17 1.12 0.70 2.60 0.21
Ash (%) 81.82 90.82 90.40 91.98 93.50
Volatile matter (%) 4.50 1.17 1.54 1.07 2.70
FC (by dift.) (%) 13.51 6.89 7.36 4.35 3.59
Sieve analysis
Cc 1.0907 0.8803 1.2073 1.2061 0.7836
Cu 3.3556 1.8612 2.6617 2.2437 3.500
Loss on ignition (%) 26.68 9.76 9.47 9.25 12.54

for any particular material and the sample collection method employed. As in BTPS
wet system of disposal is followed, the chances of CCR becoming airborne during
handling is ruled out. Holding of CCR in ash pond and that too, for a long time may
create nuisance when the pond gets dried up and the wind is blowing. On the other
hand high moisture content reduces its suitability for several economic uses. High
moisture content is undesirable for use in manufacture of Portland cement, asbestos
sheet, etc.

Water holding capacity of any material is controlled by chemical and physical
nature of the material. Any material is said to be at its maximum water holding
capacity when water fills all its pore spaces and there is no space. The water holding
capacity of fly ashes were more (87.20 and 87.58%) compared to bottom ashes
(61.82 and 55.97%) and pond ash (75.59%). Fly ashes had low moisture content
and so water holding capacity was greater compared to bottom ashes. High water
holding capacity of fly ashes was also due to greater percentage of fines present.
Fine particles mean more surface area and so more water adsorptions. In case of
CCR samples water holding capacity is found to be more than those of natural soils.
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Specific gravity was found to vary from 2.11 to 2.60. In case of all the five
samples, the specific gravity was above 2.00 and that not enough variation can be
seen among the samples. Presence of unburnt carbon and cenospheres may be the
reasons for the low specific gravity of the CCRs. Due to low specific gravity the
flowability of the CCRs is better which makes it suitable stowing material in place
of sand for underground mines.

Table 9 indicates that permeability varied from 1.19 x 10~* to 2.50 x 107*
cm/sec. Permeability observed, in general, was low. This was due to higher percent
of fines and high compressibility of CCRs. Such material can be used in improving
the water retention capacity of the sandy soil, where water easily drains away owing
to high porosity. Low permeability is a problem when using it as a stowing
material.

Surface area was found to vary from 1.5 to 2.2 m?*/g. It can be seen that the
surface area of fly ashes is more compared to bottom ashes. Surface area is also
related to the percentage unburnt carbon in CCRs. The unburnt carbon is highly
porous and so has effect on the surface area of CCRs. Surface area is one of the
important parameters of any particulate matter. The pre-concentration of trace
elements on the particles mainly depends upon its surface area.

Bulk density of CCRs was less than 1.00 and it varied from 0.742 to 0.978 g/cc.
Low bulk density is hindrance in the use of CCR as a stowing material as it takes
time to settle. However, such problem can be overcome by the use of some floc-
culating agent as is being experimented in CMRI. The transportation of such CCRs
is also economical compared to sand when using CCRs as backfill or stowing
material. Such CCRs can also be used for modifying the texture of clayey soil for
reducing the plasticity. This can further help in increasing the workability of such
clayey soil.

Liquid limit of the samples was found to vary from 21 to 32%. Plastic limit of
the samples could not be found, as the materials could not be rolled to conduct
plastic limit test. Liquid limit of sand or sand like material is another very important
parameter in construction related works where such liquid limit make CCRs behave
as a viscous fluid and this can be at the cost of the stability of the structures.

Optimum moisture content (OMC) and maximum dry density (MDD) were
found to vary from 18.76 to 31.78% and 1.07 to 1.31 g/cc respectively. OMC and
MDD are important parameters as their knowledge enables one to measure the
density achievable for good compaction as a function of moisture. The results of
OMC were made use of in packing the materials in open column for conducting
leaching experiments. The knowledge of OMC and MDD is also very important in
the sense it provide guideline when using CCRs as a structural fill material.

Pore space was found to vary from 50.16 to 70.67%. Pore space in case of fly
ashes was more compared to bottom ashes and pond ash. High pore space of fly
ashes can be the reason for their high water holding capacity.

From the proximate analysis study, it is observed that the carbon content in the
samples varied from 3.59 to 13.51%. High percentage of carbon is an indicator of
incomplete combustion in the PCC boilers. Volatile matter varied from 1.07 to
4.50%. Ash content varied from 81.82 to 93.50%. The loss on ignition varied from
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9.25 to 26.68%. Loss on ignition was close to 10% except in the case of FA#A
sample, where it was observed to be too high. LOI should be as low as possible for
using fly ash in PPC. Also, unburnt carbon should be minimum so that it can be
used as a replacement of Portland cement in concrete or as a consolidated under-
ground fill. Pozzolanic activity of CCR decreases with increase in carbon content.

The particle size analysis was also carried out for samples under study. Sieves
used for this ranged in size from 72 to 400 mesh. From the sieve analysis plot
coefficient of conformity (C.) and uniformity coefficient (C,) were calculated. C.
and C, values for the CCR are given in the Table 7. The C, of the samples varied
from 1.8612 to 3.500. For C, close to 1, on comparison with soil, coal combustion
residue samples cannot be put under uniformly graded material as C, is either equal
to 2 or greater than 2. The C. values were in the range 0.7836-1.2173. For C,
between 1 and 3, material is classified as well graded material. On comparison with
soil, coal combustion residue samples can be classified as well graded material
except for FA#B and PA. Mean diameter of the particles was close to 50 p except
BA#A (69.9 p) and BA#B (82.10 pm).

Table 10 shows the results of shear strength test. The results of shear stress were
used to find out cohesion and the angle of friction. From the study of shear stress
and normal stress of CCR samples from BTPS, it was found that the samples such
as FA#A, FA#B, and BA#B had cohesion value of 0.05 kg/cm2 and above com-
pared to BA#A and PA samples whose cohesion was equal to zero and so cohe-
sionless. The angle of friction of the samples was in the range 30°-45°. In case of
FA#A, FA#B, and BA#B samples both cohesion and angle of friction contributed to
the shear strength compared to BA#A and pond ash samples where shear strength
was mainly due to the angle of friction.

The results of the environmental characterization of coal combustion residues
(CCRs) from BTPS for assessing their characteristics for various uses were also
carried out. The characteristics of coal combustion residue (CCR) samples as
determined by instrumentation techniques are discussed below.

Results of the X-ray diffraction analysis are presented in Table 11. The X-ray
diffractograms are shown in Fig. 2i—v. X-ray diffraction was performed to know the
crystalline phases present in the CCR samples. From the results one can see that in
all the five samples the major component consisted of quartz and the minor com-
ponents included magnetite and hematite.

Table 10 Results of shear stress at failure of CCR samples

S. No. Normal stress ¢ (kg/cmz) Shear stress at failure t¢ (kg/cm2)

FA#A FA#B BA#A BA#B PA
1 0.5 0.450 0.450 0.413 0.425 0.413
2 1.0 0.763 0.738 0.838 0.775 0.800
3 1.5 1.025 1.063 1.250 1.163 1.250
4 2.0 1.425 1.375 1.750 1.525 1.675
5 2.5 1.725 1.775 2.075 1.850 2.100
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Table 11 Summary of XRD  py,p Samples XRD analysis
analysis of CCR samples from - -
BTPS Major Minor
BTPS FA#A Quartz Hematite, magnetite
FA#B Quartz Hematite, magnetite
BA#A Quartz Magnetite
BA#B Quartz Hematite, magnetite
PA Quartz Magnetite
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Table 12 Summary of SEM study of CCR samples from BTPS

Plant Samples SEM (Observations)
BTPS | FA#A Mostly spherical in shape with size varying from less than 1 to 100 pm

FA#B Some cenospheres could also be seen from the micrographs

BA#A A few plerospheres could also be seen from the micrographs

BA#B Cenospheric particles show frequent bursts which is inductive of
chemical activity having occurred within them

PA Surfaces of some particles show extensive mechanical damage caused by
impactation

Small size particles were seen sticking to the larger spherical particles
possibly on account of the convexity of the surfaces

Leached particles were observed to be smoother. This shows the washout
of the elements residing on the surface with time. Plot of OPCE also
shows this decreasing trend

Some spongy morphology could also be seen from the micrographs

The morphological features of the leached and unleached CCR samples were
examined with the help of scanning electron microscope using scanning electron
microscopy (SEM) technique. Table 12 gives the observation made with respect to
SEM studies of CCR samples. These are also shown in Fig. 3a—e. The study of the
micrographs of the unleached CCR samples in general indicated that CCR consisted
primarily of spherical particles with nodules present on it. The particles were of
different sizes and ranged from 1 to 100 pm. Similarly, study of the micrographs of
leached CCR samples clearly shows the leaching pattern that has taken place. The
particles in the leached samples lacked agglomeration and were more dispersed than
one can observe in the case of unleached samples. Thus, one can conclude that the
surface film or the irregularities caused the unleached particles to agglomerate.

Figure 4 shows few micrographs of the leached CCR samples. One can easily
observe the leaching (using distilled water) phenomenon that has taken place and
that the surfaces of the leached particles were smoother. It means that the material
residing on the surface has been washed away during leaching. Surfacial element
mostly present included alkali and alkaline earth metals, i.e., sodium, potassium,
calcium, and magnesium. As these got washed away due to the first flush phe-
nomenon, their presence in the leached samples also decreased considerably.
Decrease in concentration of these elements with time can be very well observed
from the plot of the open column percolation experiment results for these elements
(Fig. 6). Some of the particles on the leached samples were found distorted as can
be seen from the micrographs of the leached samples. Distortion of particle surface
is due to dissolution or disruption of the surface making the wall thinner and thinner
and finally the wall ruptures.

As pointed out the particles are mostly spherical in shape and they are either
hollow spheres commonly known as cenospheres or solid spheres or may be
containing many smaller spheres within a sphere known as plerosphere. All three
can be seen from the micrographs. Cenospheres and plerospheres are present in
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Fig. 3 Scanning electron micrographs of BTPS a FA#A, b FA#B, ¢ BA#A, d BA#B and e PA
before leaching

very low amount. Some spongy morphology can also be noticed from the micro-
graphs. A point of special importance is the fact that most of the particles are found
to be of spherical nature. Due to being spherical mixed with cement it can add
workability to cement concrete mix. Being spherical and hollow can be used as
filler in paints and so on.
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Fig. 4 Scanning electron micrographs of CCR samples after leaching

Table 13 Summary of EDXA of CCR samples from BTPS

Plant Samples | Si Al Fe Na K Ca Mg S Ti
BTPS |FA#A 2597 1485 |334 (252 |1.63 (062 |0.12 |0.02 |0.97
FA#B 21.67 |1456 |375 |635 |1.42 (089 (092 |0.06 |2.16

BA#A 25.88 |17.36 |2.07 |193 |1.27 [0.09 |0.02 |- 1.32
BA#B 2640 (1593 |136 |1.10 |1.66 (032 |0.64 |- 1.04
PA 2320 |1220 |854 |436 |1.16 [0.37 |090 |0.21 |1.06

The observations of EDXA analysis are given in the Table 13. This study was
performed to determine the trace element contents in the CCR samples. The study
shows that the CCR samples are typically formed of Si—Al-Fe system with traces of
sodium, potassium, calcium, magnesium, sulfur, and titinium.

The observations of the composition of CCR samples using XRF/EDXA tech-
nique are given in the Table 14. The study shows that the CCR samples belong to
Si0,-Al,03-Fe,03 system. The main components in all the samples were quartz
(8i05) and alumina (Al,03), which accounted for more than 70% of the total. Other
component Fe,O5; was less than 10% in all the samples except in BTPS PA (12%).
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Table 14 Summary of compositional analysis of CCR samples from BTPS

Plant |Samples |SiO, |AlLO3; |Fe,O3 |Na,O |[K,O |[CaO |MgO |SO; |TiO,
BTPS | FA#A 55.56 |28.06 478 |3.40 1.96 1086 [0.20 [0.05 |1.61
FA#B 46.37 |27.51 5.36 |2.55 1.71 | 1.24 |[1.51 0.14 |3.60

BA#A 55.37 | 32.79 295 |2.60 1.53 0.13 |0.03 |- 2.19
BA#B 56.48 |30.11 1.94 | 148 200 (044 |1.05 |- 1.73
PA 49.63 |23.05 |[12.21 |5.87 140 052 150 |- 1.77

Table 15 Summary of qualitative analysis of CCRs samples from BTPS

Plant | Samples | Major Minor Traces

BTPS | FA#A Fe, Al, Si, Ti Ca, Mg, Zr Y, Sr, Rb, Zn, Cu, Ni, Mn, Cr, S, P

FA#B Fe, Al, Si, Ti, K | Ca, Mg, Zr Y, Sr, Rb, Pb, Ga, Zn, Cu, Mn, Cr, S, P

BA#A Fe, Al, Si, Ti Ca, Mg, Zr, K | Y, Sr, Rb, Pb, Ga, Zn, Cu, Mn, Cr, S, P

BA#B Fe, Al Si, Ti, K | Ca, Mg Zr, Sr, Rb, Ga, Zn, Cu, Ni, Mn, Cr, Ba, S, P, Y
PA Fe, Al Si, Ti Ca, Mg, Zr, K | Y, Sr, Rb, Ga, Zn, Cu, Ni, Mn, Cr, Ba, S, P

Minor amounts of CaO, K,0, MgO, TiO,, and SO; were also observed in the
samples. There are fluctuations in the chemical composition of the samples mostly
due to the different mineral component in the parent coals. These fluctuations are
also related to the compositions of the parent rocks in the formation of peat and coal
and also the plant species involved in the coal formation.

The observations of the qualitative analysis using XRF technique are also given
in the Table 15. From the results so obtained it can be seen that the major com-
ponents in almost all the samples were iron, aluminum, silicon, titanium and
potassium. Minor components mainly included calcium, magnesium, zirconium,
manganese and zinc. Common elements in the traces were barium, nickel, copper,
rubidium, sulfur, phosphorus, yttrium and strontium.

The FTIR study showed that CCR samples collected from various plants showed
a broad band due to the presence of O-H stretching. O-H stretching of CCRs was
between 3300 and 3611 cm™'. CCR samples of FCI alone showed a characteristic
band due to the presence of carbonyl group. Oxides of phosphorus and oxides of
silicon were also observed in all the samples. P-O bending was between 1079 and
1084 cm™'. Table 16 gives the observations of the FTIR spectra of CCR samples.

Chemical Characterization

The coal combustion residue (CCR) samples from BTPS were analyzed for its
various chemical characteristics. The observation of the study is presented in
Table 17. The five samples were analyzed for pH, electrical conductivity (EC),
organic carbon, available nitrogen, phosphorus and potassium, cation exchange
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Table 17 Chemical properties of CCR samples from BTPS

Parameters Samples

FA#A FA#B BA#A BA#B PA
pH 6.08 6.12 5.98 6.43 6.71
Electrical conductivity (mmhos/cm) 0.780 0.381 0.186 0.136 0.086
Organic carbon (%) 0.72 0.23 0.48 0.50 0.99
Available nitrogen (kg/ha) 40.77 18.82 15.68 21.95 25.09
Available phosphorus (kg/ha) 0.47 0.15 0.07 0.24 0.84
Available potassium (kg/ha) 336.00 [259.84 |210.56 188.16 | 448.00
Cation exchange capacity (meq/100 g) | 4.92 2.24 1.62 1.40 39.65
DTPA extractable elements (ppm)
Fe 0.048 BDL 0.084 0.032 12.496
Cu 1.556 0.822 0.866 0.790 0.488
Mn 0.688 0.128 BDL BDL 0.778
Zn 1.640 4.960 0.674 0.546 0.538
Pb 0.310 BDL 0.046 BDL 0.060
Ni 0.358 0.804 0.674 0.772 0.600
Cr BDL BDL BDL BDL BDL
Cd 0.192 0.162 BDL BDL BDL
Co 0.150 0.168 0.212 BDL 0.196
Ultimate analysis (%)
Carbon 10.97 8.93 11.34 6.59 6.30
Hydrogen - - - - 0.40
Sulfur 0.08 0.10 0.03 0.10 0.02
Nitrogen 0.47 0.13 0.43 0.09 0.29
Oxygen (by diff.) 88.48 90.84 88.20 93.22 92.99

capacity (CEC), calcium carbonate, ultimate analysis, and DTPA extractable
elements.

The pH of the samples varied from 5.98 to 6.71. Electrical conductivity varied
from 0.086 to 0.780 mmhos/cm. Organic carbon varied from 0.23 to 0.99%.
Available nitrogen varied from 15.68 to 40.77 kg/ha. Available phosphorus and
potassium varied from 0.07 to 0.84 kg/ha and 188.16 to 448.00 kg/ha respectively.
The cation exchange capacity (CEC) of the samples varied from 1.40 to
39.65 meq/100 g. In all cases except pond ash CEC was below 5 meq/100 g.
Calcium carbonate percentage was found to vary from 4.0 to 10.0%. Lime
requirement test for the CCR was also done. As the pH of the buffer suspensions
was above the one given in the chart, no lime requirements were observed for the
sample under study.
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The observation of the ultimate analysis in terms of CHNS is also given in the
Table 17. Carbon content varied from 6.30 to 11.34%. Nitrogen varied from 0.09 to
0.47% and sulfur varied from 0.02 to 0.10%. In fact, carbon percentage on average
was less than 10%, nitrogen was around 0.3% and sulfur less than 0.10%.

The results of the micronutrients and the heavy metals study are given in
Table 17. The value of the bio-available (DTPA) extractable Fe, Mn, Zn, and Cu
ranged from BDL to 12.496, BDL to 0.778, 0.538 to 4.960, and 0.488 to
1.556 ppm respectively. Characterization of CCRs for nutrients has indicated that
the CCR is a source of N, P, K, Fe, Cu, Mn, and Zn. The presence of heavy metals
as Pb, Ni, Co, and Cd ranged from BDL to 0.310, 0.358 to 0.804, BDL to 0.212,
and BDL to 0.192 ppm respectively. Heavy metals as Cr were reported as BDL.

Leaching Characteristics

Open Column Percolation Experiments

The summarized results of analysis of BTPS leachates are presented in Table 18.
pH of the leachates obtained from the CCR samples of BTPS were observed in the
range 5.70-10.51. These were mostly within the permissible limit as per IS: 2490
except in the case of FA#A from 300 to 600 days pH was above the permissible
limit. Most of the time pH was in the alkaline range. Conductivity of the ash
samples showed decreasing trend with time with high value in the initial study
period. Conductivity varied between 0.026 and 1.303 mmhos/cm. TDS of the ash

Table 18 Summary of the leachate analysis (open column percolation experiment) of BTPS CCR
samples

Parameters FA#A FA#B BA#A BA#B PA (IS: 2490, 1981)
Inland On land
surface for
water irrigation

pH 5.97-10.51 5.82-9.10 5.80-9.50 5.70-8.99 5.86-9.03 55-9.0 |5.5-9.0

Conductivity | 0.042-0.750 | 0.037-0.820 0.125-1.303 | 0.026-0.852 | 0.052-0.920 - -

TDS 21-375 19-410 63-652 13-426 30-460 2100 -

Iron BDL-0.740 BDL-1.220 BDL-1.924 BDL-0.762 BDL-1.369 - -

Lead BDL-0.420 BDL-0.396 BDL-0.462 BDL-0.700 BDL-0.490 0.1 -

Magnesium BDL-15.53 0.039-38.00 BDL-58.33 0.193-40.00 | 0.065-44.00 - -

Calcium 1.00-103.92 | 0.265-189.20 | 0.342-54.83 | 0.726-44.00 | 0.798-102-20 | — -

Copper BDL-0.190 BDL-0.068 BDL-0.246 BDL-0.482 BDL-0.090 3 -

Zinc BDL-0.380 BDL-0.372 BDL-0.274 BDL-1.045 BDL-1.529 5 -

Manganese 0.009-0.057 | 0.010-0.105 0.007-0.148 | 0.008-0.039 | 0.007-0.076 - -

Sodium 3-56 349 2-51 3-37 3-47 - 60

Potassium 2-42 2-36 2-26 2-21 2-33 - -

Note Cr, Ni, Co, Cd, Se, Al, Ag, As, B, Ba, V, Sb, Mo, Hg were reported as BDL in the samples
BDL Below Detectable Limit; Concentration of Elements in mg/l; 7DS in ppm; Conductivity in mmhos/cm
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Fig. 5 Open column leachate analysis for pH and conductivity

samples varied between 13 and 652 ppm. TDS was observed within the permissible
limits as per IS: 2490 as can be seen from the Table 16. Figure 5 gives the plot of
pH and conductivity with time for the BTPS CCR samples.

Of the total 23 elements studied for leaching only nine such as, iron, lead,
magnesium, calcium, copper, zinc, manganese, sodium, and potassium were
observed in the leachates. Iron varied from BDL to 1.904, lead from BDL to 0.700,
magnesium from BDL to 44.00, calcium from 0.265 to 189.20, copper from BDL to
0.482, zinc from BDL to 1.529, manganese from 0.007 to 0.148, sodium from 2.00
to 56.00, and potassium from 2.00 to 42.00 mg/l, respectively. Calcium, magne-
sium, sodium, and potassium showed regular leaching and were observed during
the entire period of study. Others showed intermittent leaching. Others, such as,
chromium, nickel, cobalt, cadmium, selenium, aluminum, silver, arsenic, boron,
barium, vanadium, antimony, molybdenum and mercury in the leachates were
below the detection limit in the entire study period. Tests results have shown the
presence of micro as well as macronutrients in the leachates. Figure 6 gives the
leaching plots for four surficial elements that were found in the leachates of open
column percolation experiments.
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Table 19 Summary of the leachate analysis (acid digest test) of BTPS CCR samples

Parameters FA#A |FA#B |BA#A |BA#B PA (IS: 2490, 1981)
Inland On land
surface for
water irrigation

Iron 52.39 82.41 79.56 15290 |613.60 |- -

Lead BDL BDL 0.017 BDL BDL 0.1 —

Magnesium | 3.127 3.579 8.253 9.591 29.246 |- -

Calcium 2.80 4.00 8.80 6.50 25.50 - -

Copper 0.075 0.094 0.068 0.077 0.359 3 -

Zinc 0.203 0.276 0.154 0.073 0.739 5 -

Manganese 0.984 0.638 0.796 1.329 0.906 - -

Sodium 28.10 24.60 25.00 25.40 2.10 - 60

Potassium 1.7 7.6 5.2 7.0 13.5 - -

Chromium BDL 0.760 BDL 0.375 2.836 2 -

Nickel 0.108 0.118 0.173 0.070 0.483 3 -

Note Co, Cd, Se, Al, Ag, As, B, Ba, V, Sb, Mo, Hg were reported as BDL in the samples
BDL Below Detectable Limit; Concentration of Elements in mg/l; TDS in ppm; Conductivity in
mmhos/cm

Acid Digest Test

The summarized results of analysis of BTPS leachates are presented in Table 19. Of
the total 23 elements studied for leaching only eleven such as, iron, lead, magne-
sium, calcium, copper, zinc, manganese, sodium, potassium chromium and nickel,
were observed in the leachates. Iron varied from 52.39 to 613.60, lead from BDL to
0.017, magnesium from 3.127 to 29.246, calcium from 2.80 to 25.50, copper from
0.068 to 0.359, zinc from 0.073 to 0.739, manganese from 0.638 to 1.329, sodium
from 2.10 to 28.10, potassium from 1.70 to 13.50, chromium from BDL to 2.836
and nickel from 0.070 to 0.483 mg/l, respectively. Others, such as, cobalt, cad-
mium, selenium, aluminum, silver, arsenic, boron, barium, vanadium, antimony,
molybdenum, and mercury in the leachates was below the detection limit in the
entire study period. Tests results have shown the presence of micro as well as
macronutrients in the leachates. Chromium and nickel were also observed in the
leachate of acid digest test.

24-h Shake Test

The summarized results of analysis of BTPS leachates obtained from 24-h Shake
test are presented in Table 20. pH of the leachates obtained from the CCR samples
of BTPS were observed in the range 5.47-6.38. This was within the permissible
limit as per IS: 2490. pH was in the neutral range. Conductivity varied between
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Table 20 Summary of the leachate analysis (ASTM 24-h shake test) of BTPS CCR samples

Parameters FA#A | FA#B BA#A | BA#B PA (IS: 2490, 1981)
Inland On land
surface for
water irrigation

pH 5.67 6.22 6.38 6.06 5.47 5.5-9.0 5.5-9.0

Conductivity |0.198 0.096 0.054 0.041 0.084 |- -

TDS 99 48 27 21 42 2100 -

Iron 0.071 0.045 0.096 0.216 0.155 |- -

Lead BDL BDL BDL BDL BDL 0.1 -

Magnesium 13.19 3.15 1.28 0.92 2.14 - -

Calcium 6.34 3.37 1.64 0.42 2.67 - -

Copper BDL BDL BDL BDL 0.014 |3 -

Zinc 0.032 0.020 0.010 0.011 0.044 |5 -

Manganese BDL 0.031 BDL BDL BDL - -

Sodium 64.30 39.80 72.80 72.70 6.20 - 60

Potassium 4.50 2.80 1.80 1.70 3.76 - -

Note Cr, Ni, Co, Cd, Se, Al, Ag, As, B, Ba, V, Sb, Mo, Hg were reported as BDL in the samples
BDL Below Detectable Limit; Concentration of Elements in mg/l; TDS in ppm; Conductivity in
mmhos/cm

0.041 and 0.198 mmhos/cm. TDS of the ash samples varied between 20 and
99 ppm. TDS was observed within the permissible limits as per IS: 2490 as can be
seen from the Table 18.

Of the total 23 elements studied for leaching only seven, such as, iron, mag-
nesium, calcium, zinc, manganese, sodium, and potassium were observed in the
leachates. Iron varied from 0.045 to 0.216, magnesium from 0.92 to 13.19, calcium
from 0.42 to 6.34, zinc from 0.010 to 0.032, manganese from BDL to 0.031,
sodium from 6.20 to 72.80, and potassium from 1.70 to 4.50 mg/l, respectively.
Others, such as, lead, copper, chromium, nickel, cobalt, cadmium, selenium, alu-
minum, silver, arsenic, boron, barium, vanadium, antimony, molybdenum and
mercury in the leachates were observed to be below the detection limit. Tests result
like open column percolation experiments indicates the presence of micro as well as
macronutrients in the leachates.

Toxicity Characteristic Leachate Procedure (TCLP)

The summarized results of analysis of BTPS leachates collected through TCLP test
are presented in Table 21. pH of the leachates obtained from the CCR samples of
BTPS were observed in the range 4.25-5.08. Conductivity varied between 3.56 and
4.54 mS/cm. TDS of the ash samples varied between 1.78 and 2.27 ppt. Both
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Table 21 Summary of the leachate analysis (TCLP test) of BTPS CCR samples

Parameters FA#A FA#B BA#A BA#B PA (IS: 2490, 1981)
Inland On land
surface for
water irrigation

pH 4.30 4.29 4.25 4.28 5.08 5.5-9.0 5.5-9.0

Conductivity | 4.46 3.56 4.18 4.23 4.54 - -

TDS 2.24 1.78 2.10 2.12 2.27 2100 -

Iron 0.077 0.089 0.022 0.053 0.037 - -

Lead BDL BDL BDL BDL BDL 0.1 -

Magnesium 61.020 |7.512 5.831 4.850 8.317 - -

Calcium 379.37 304.13 314.93 416.48 506.00 |- -

Copper 0.030 0.215 0.078 0.021 0.047 3 -

Zinc 0.799 2.140 1.950 1.280 0.670 5 -

Manganese 0.791 0.314 0.220 0.226 0.201 - -

Sodium 1857 1452 1508 1595 1575 - 60

Potassium 11.60 8.10 7.80 6.20 11.88 - -

Chromium BDL 0.803 0.414 BDL BDL 2 -

Nickel 0.381 0.112 1.819 0.080 BDL 3 -

Note Co, Cd, Se, Al, Ag, As, B, Ba, V, Sb, Mo, Hg were reported as BDL in the samples
BDL Below Detectable Limit; Concentration of Elements in mg/l; T7DS in ppt; Conductivity in
mS/cm

conductivity and TDS was observed at a higher level as can be seen from the
Table 19.

Of the total 23 elements studied for leaching only ten, such as, iron, magnesium,
calcium, copper, zinc, manganese, sodium, potassium, chromium and nickel were
observed in the leachates. Iron varied from 0.022 to 0.089, magnesium from 4.850
to 61.020, calcium from 304.13 to 506.00, copper from 0.021 to 0.215, zinc from
0.670 to 2.140, manganese from 0.201 to 0.791, sodium from 1452 to 1857,
potassium from 6.2 to 11.88, chromium from BDL to 0.803, and nickel from BDL
to 1.819 mg/l, respectively. Others, such as, lead, cobalt, cadmium, selenium,
aluminum, silver, arsenic, boron, barium, vanadium, antimony, molybdenum, and
mercury in the leachates were below the detection limit. The study has indicated
that the leachates had higher concentration of sodium, calcium, and magnesium in
all the four samples.
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Comparative Study of the Leachates from the Laboratory
Study and Disposal Sites

Table 22 gives the summarized results of the pond ash leachates obtained in the
laboratory from different methods. Table 23 shows the summarized results of the
analysis of the leachates generated in the laboratory simulating field condition
(Open Column Percolation Experiments) and the leachates collected from the
disposal site (pond ash effluents) of BTPS.

The study of the ash pond effluents has clearly shown the elements, such as,
mercury, barium, vanadium, nickel, selenium, arsenic, cadmium, and lead to be
below detectible limits. Trace elements, such as, chromium and cobalt was also
observed at the BDL level. Zinc, manganese, cobalt, and chromium were present in
low concentration in the effluent samples. pH, conductivity, and TDS as well as
concentration of element in the ash pond effluents were on a bit higher side but
within the permissible limits as per IS: 2490. Calcium, magnesium, sodium, and
potassium were observed at higher concentration compared to other elements in the
ash pond effluents as well as in case of leachates from open column percolation
experiments.

Table 22 Summarized results of the pond ash leachates from different methods

Parameters Open column ASTM Acid digest | Toxicity characteristic (IS: 2490, 1981)
percolation test | 24-hr shake | test leaching procedure (TCLP) | yp1and On land for
test surface irrigation
water

pH 5.49-10.51 5.47-7.22 - 4.25-5.20 5.5-9.0 5.5-9.0
Conductivity | 0.023-1.954 0.034-0.198 | - 3.56-5.44 - -

TDS 12-977 17-99 - 1.78-2.73 2100 -

Tron BDL-1.924 BDL-1.257 9.37-613.60 | BDL-0.091 - -

Lead BDL-0.700 BDL-0.033 BDL-0.093 BDL-0.111 0.1 -
Magnesium BDL-144.90 0.533-15.34 | 3.127- 0.887-114.80 - -

423.80

Calcium BDL-189.20 0.42-19.43 2.66-149.60 | 304.13-538.97 - -
Copper BDL-0.482 BDL-0.014 | BDL-0.359 | 0.021-0.215 3 -

Zinc BDL-1.529 0.010-0.063 | 0.036-0.751 | 0.047-2.140 5 -
Manganese BDL-0.724 BDL-0.031 0.241-6.287 | 0.067-0.791 - -
Sodium 2.00-88.00 4.80-72.80 2.00-28.10 1452-1857 - 60
Potassium 2.00-42.00 1.00-6.20 2.00-37.10 4.49-26.10 - -
Chromium BDL BDL BDL-3.621 BDL-0.803 2 -
Nickel BDL BDL BDL-0.483 BDL-1.819 3 -
Cobalt BDL BDL BDL-0.058 BDL - -
Cadmium BDL BDL BDL-0.275 BDL 2 -

Note Se, Al, Ag, As, B, Ba, V, Sb, Mo, Hg were reported as BDL in the samples

BDL Below Detectable Limit; Concentration of Elements in mg/l; DS in ppm; Conductivity in

TCLP TDS is in ppt and Conductivity in mS/cm

mmhos/cm. Note In case of
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Table 23 Summary of the leachate analysis of pond ashes
Parameters BTPS (IS: 2490, 1981)
OPEC for Ash pond effluents Inland surface | On land for
pond ash (disposal site) water irrigation
pH 5.86-9.03 6.97-8.97 5.5-9.0 5.59.0
Conductivity |0.052-0.920 0.549-0.897 - -
TDS 30-460 275-449 2100 -
Iron BDL-1.369 0.113-3.634 - -
Lead BDL-0.490 BDL-0.158 0.1 -
Magnesium | 0.065-44.00 0.077-55.00 - -
Calcium 0.798-102-20 |3.265-117.30 - —
Copper BDL-0.090 0.019-0.107 3 -
Zinc BDL-1.529 0.765-1.754 5 -
Manganese | 0.007-0.076 BDL-0.083 N —
Sodium 3.00-47.00 5.00-37.00 - 60
Potassium 2.00-33.00 4.00-53.00 - -

Note Cr, Ni, Co, Cd, Se, Al, Ag, As, B, Ba, V, Sb, Mo, Hg were reported as BDL in the samples
BDL Below Detectable Limit; Concentration of Elements in mg/l; 7DS in ppm; Conductivity in
mmhos/cm

In general, leachates of open column percolation experiment and ash pond
effluents do not pose any environmental threat as far as leaching of trace
elements/toxic metals are concerned. Results of open column percolation experi-
ment and ash pond effluents are comparable as can be seen from the Tables 20 and
21. Open column percolation methodology can very well be relied upon for the
long-term leaching study of CCRs compared to other methodologies discussed
above. This is the best method that simulates the actual field condition, as one
would observe in the field.

Conclusion

The study of physical properties of CCR samples has shown the suitability of the
material like sand and thus these can be used as alternatives of sand for mine fills.
The chemical characteristics of CCR samples have also established that the samples
are sources of nutrients and that if these samples are used in soil having such
deficiencies then the problems can be solved. Further leaching studies have tried to
remove the apprehensions to a greater extent regarding contamination of ground
and surface water due to trace/heavy element leaching. Both short term and
long-term leaching study have been conducted simulating the field situation to
understand the behaviour of disposed CCR samples and its effects on ground and
surface water. The study of effluents collected from the ash pond site that was
getting into the surface stream was also carried out to compare the actual results
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with the simulated one to establish the validity of laboratory study. Effect of harsh
condition such as leaching in acidic and acid buffered environment which was least
likely to encounter in the actual field situation was also done to study the mobility
of some other elements. The concentration of trace and heavy elements was found
to be well below the permissible limits as per IS: 2490. Overall, the study has
shown no environmental hazards due to leaching and that these can be used for their
bulk utilization especially for reclamation of mined out areas in and around the
vicinity of the power plant under study.
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