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Waste Analysis and Categorization in the
Construct of Hotels Supply Chain

Raid Al-Aomar, Matloub Hussain

Abstract—This paper aims at analyzing and categorizing the
wastes across the supply chain of the hotel industry. Literature search
showed a need for empirical studies that explore the construct of
hotels supply chains, analyze wastes across the supply chain
construct, and address sustainability practices. The paper provides a
structured approach that can be used to assist the analysis and
categorization of different types of wastes across the supply chain of
hotels and support future research. To this end, the study first
develops a SIPOC-based construct of a hotel supply chain and
identifies the types of waste at various construct elements. Second,
the study categorizes hotel supply chain wastes using lean principles
and provides guidelines for waste reduction using lean techniques
and green practices. The emphasis is on reducing the identified types
of wastes in a hotel supply chain to increases its operational and
economic effectiveness and improves the overall service quality. This
also contributes to the effort of incorporating sustainability in the
supply chains of hotels and services in general. The study is
conducted in selected hotels in Abu Dhabi (AD) area in the UAE.

Keywords— Hotel Industry, Lean Thinking, Supply Chain
Sustainability, Waste Analysis.

I. INTRODUCTION

ustainability has been of great interest in the last decade

for academia and industry due to pressures from various
stakeholders to embrace a commitment to sustainability
practices. In sustainable organizations, the environmental and
social criteria need to be fulfilled by operations managers,
while maintaining competitiveness and meeting customer
needs and related economic criteria [1]. This implies that
organizations have to satisfy multiple and conflicting
objectives such as maximizing profits while reducing
operating costs, minimizing the environmental impacts and
maximizing the social well-being [2, 3].

A supply chain is often viewed as a network of critical links
that connects organizations (stakeholders) together and links
each organization’s inputs to its outputs. As defined by
Bowersox and Closs [4], the supply chain refers to all those

This work was supported by the Office of Research and Sponsored
Programs (ORSP) at Abu Dhabi University (ADU) through an internal
research incentive fund.
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activities associated with the transformation and flow of goods
and services, including money and information flows, from
the sources of materials to end users. For example, a hotel
supply chain is a network of organizations (suppliers, logistics
partners, and stakeholders) engaged in delivering different
hotel services to customers. Such network functions through
the flow of information (e.g., reservations), monetary
transactions (e.g., payments and charges), and physical items
(e.g., food and drinks). Further details of supply chain
components and functions can be found in [5]. Figure 1
depicts the main components of a service supply chain.

Service Organization

i N\

e

- —
| Customers |

B —

N Hotel Operations &
| Suppliers | bl

Services

Customer
Relations

Supplier
Relations

Receiving
fstorage

J

Fig. 1 the main components of a service supply chain

The term of “reverse logistics” is also used to indicate the
flow of material backward from customer to sources through
recycling, repair, rework, reuse, refurbishment, and so on.
Such flow is also gaining ground in hotel industry especially
in terms of recycling and reuse. Reverse logistics is considered
a strategy for developing sustainable supply chains.

Supply chain sustainability has attracted a growing attention
from researchers and practitioners and in various sectors of the
economy across the world. That is mainly due to the growing
cost of supply chain operations, the increase in stricter
environmental regulation and legislations, and the growing
competition based on cutting costs and reducing wastes. There
is also an agreement among researchers that the concept and
techniques of sustainability in services in general are still in
the development compared to those in the manufacturing
companies.

Sustainable supply chain aims to deliver quality products
and services across the supply chain while increasing
effectiveness, reducing waste and costs, and being
environmentally responsible [6]. The typical challenge that
faces organizations in this regard is how to be productive and
profitable while being sustainable.

However, few researchers have actually analyzed the wastes
of the hotels supply chains and the application of lean
techniques and green practices for waste reduction. For
example, Vlachos and Bogdanovic [7] presented a survey-
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based study on the lean thinking in European hotel industry.
Green practices in hotel industry are relatively more common
across the supply chain. An approach known as “triple bottom
line” is commonly used to assess supply chain sustainability
based on social, environmental, and economic performance
[8].

Thus, there is a need for the research on hotels supply chain
to analyze and categorize wastes and to link the identified
wastes to lean techniques and green practices. Most existing
research is mainly focused on assessing and modeling the
environmental and economic impacts of the hotel supply
chains and prescribing action plans and polices to reduce such
impact. This paper presents an exploratory study of hotels
supply chain construct and wastes. The study is conducted in
selected hotel in Abu Dhabi area in the UAE.

Il. STUDY FRAMEWORK

The hotel supply chain is a typical example of service
supply chain that is amenable to sustainability practices.
Different aspects of hotel supply chains have been explored in
body of literature. However, the complete hotel supply chains
have not been exclusively investigated yet [9, 10]. Thus, this
research will first focus on identifying the construct of the
hotel industry supply chain, analyzing pertinent wastes across
the supply chain, identifying existing lean and green practices,
then assessing the extent of adopting lean and green
techniques. As shown in Figure 2, the key elements of the
research framework include:

- Supply chain construct

- Waste analysis

- Lean practices (sustainability focus)
- Green practices (sustainability focus)

Lean
' Techniques

3 Supply Chain

Hotel Supply 5
Sustainability

Chain Construct

Waste
Analysis
Green
Techniques

Fig. 2 study framework for hotel supply chain sustainability

A. Construct of Hotel Supply Chain

Before incorporating lean and green practices into the hotel
supply chain, it is crucial to understand the construct of the
hotel procurement system as well as key hotel operations [11].
As shown in Figure 1, as a service industry, the hotel supply
chain is made of the typical elements of Supplier Relationship
Management (SRM), logistics, storage, organizational
processes and service operations, and of Customer
Relationship Management (CRM). These elements which vary
from one hotel to another are developed based on the
requirements of key hotel services such as:

- Lodging and accommodation
- Restaurants and food services

ISBN: 978-1-61804-352-8
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- Hotel amenities and guest services
- Meetings, events, and conferences

These services require tangible inputs from suppliers and
different service providers such as culinary material and other
in-bound logistics to ensure efficient delivery of daily
hospitability services [12]. Other services in the hotel such as
reservation, reception, check-in, check-out, and customer
service may not need tangible material as inputs but they need
internal and external support and inputs from partners and
suppliers such as information, technical support, payment
system, security, and so on. Almost all hotel services can be
oriented around the hotel guest. As an output, hotel provide

services such as catering, events management, and
accommodation.
The  Supplier-Input-Process-Output-Customer  (SIPOC)

chart is used in this research to provide the hotel supplies and
operations manager with a platform to list the relevant
information regarding the hotel supply chain construct, wastes,
and the currently used lean and green practices. Figure 3
shows a template of the used SIPOC chart.

ISuppIier l Input | Process | Qutput | Customer |

Listof List of Istand flow of Hotét List of processes List of Hotel

Holel Supplierss  Hotel Inputs operations utputs Customers

- Suppliersof  + Materi - Customer-focused « Customerfocused  * Hotel guests
Matenals « Sarfices - Supporting operalions  « Other hotelinternal  * Events

- Suppliers of and external “Other internal
Senvices products and and extemal

Senices cistgmers
Checkdn — | Accommodation | — | Check-Out

Fig. 3 SIPOC chart of the hotel supply chain construct

B. Waste Analysis

Wastes management is a key business function in most
hotels at different star level. This is mainly due to the
increased amount of tangible and intangible wastes that are
created as a result of hotel services such as accommodation,
dining, laundry, and hosted events. This includes food,
materials, papers, and so on. The list of wastes in a hotel can
also include wastes related to key resources such as water,
electricity and energy, and pollution. The list becomes
overwhelming when you add to it intangible wastes such as
delays, cancellations, complains, errors, and over capacity. As
these wastes affect the direct and indirect operational cost,
hotels management typically value and support the
deployment lean and green techniques that are expected to
lead to the reduction or even elimination of different types of
wastes. Thus, it is important for any hotel supply chain
sustainability framework to analyze the different types of
wastes in hotel procurement system and operations and at
different stages of the hotel supply chain.

C. Lean Techniques
Lean thinking which was started to reduce or eliminate
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production wastes in Toyota has recently developed into a
management philosophy that focuses on increasing the
effectiveness of the organization. Womack et al. [13] describe
waste as any activity which uses resources, but creates no
value. This includes over production, excess processing,
inventory, rework, motion, transport and material handling,
defects, failures, setup and underutilizing skills and resources.

The lean supply chain is an approach that is focused on
streamlining the flow of goods and information across the
supply chain and reducing the supply chain cost by
eliminating non-value-added activities through the adoption of
lean techniques. To this end, lean principles and tools are
applied to the supply chain elements and functions (supplier
selection, purchases, shipping, order management,
warehousing,  manufacturing/processing,  transportation,
distribution, etc.) to transform it into a value chain. Examples
include Kaizen, error-proofing (poke-yoke), flow analysis, line
balancing, inventory control, quality-at-the-source, JIT, 5S,
etc.

D. Green Practices

The main objective of green SCM is to extend the
traditional supply chain to deal with the effects of products
and processes. Extended supply chain models often include
recycling and remanufacturing operations along with measures
to reduce emissions and conserve energy. As an outcome,
green SCM can reduce waste, minimize pollution, save
energy, conserve natural resources, and reduce carbon
emissions. Details on adding the “Green” component to the
supply chain management can be found in [14].

In the hotel industry, the application of green technology is
expanding as a result of strict regulations and the growing
customer awareness of environmental concerns. It is therefore
important for a hotel sustainability framework to include
specific green practices that can be deployed and lead to
conservation of resources, reduction of energy and emissions,
and efficient recycling. Examples include environmental
standards, safety standards, pollution reduction, recycling,
reuse, take-back, energy efficiency, water conservation, green
technology, green suppliers, clean transport, hazardous
material treatment, etc.

I1l. STUDY RESULTS

The study has adopted a survey-based industry research to
collect empirical data from the hotel industry in Abu Dhabi
(AD) of the UAE. It is an exploratory study of the construct
and waste types in the hotel supply chain along with an
analysis of and categorization of wastes. To this end, a survey
is designed and distributed to about thirty 3, 4, and 5 stars
hotels in AD area. The survey has collected basic hotel
information and identified the types of waste currently exist in
the hotel supply chain. The results of the survey were studied
and analyzed to answer the following two research questions:

- RQ1: What is the construct of the supply chain of hotels?
- RQ2: What types of waste exist in the supply chain of
hotels?

The study results were obtained from the surveys collected
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from 30 hotel in AD area. The survey has targeted only the 3,
4, 5-star rated hotels in the Emirate of AD in the UAE. A total
of 50 surveys were distributed and 30 were qualified. Key
descriptive summary is as follows:

The rating of the surveyed hotels is as follows; 20 five
star, 8 four starts, and 2 three stars. The reason for
focusing on 5-star hotels and is getting better response is
due to the fact that they have well-established systems
and standards (including green and environmental) and
more focus of effectiveness (lean practices).

Hotel size is assessed in terms of hotel employee and
rooms for guest accommodation. Number of employee
ranges from 45 to 1500. The rooms’ number ranges from
95 to 823.

The level of management is distributed between mid and
top level (18 mid-level and 12 top-level). This indicates
the interest and the organization seriousness when it
comes to such practices.

A. Answers to Research Questions

To answer the first research question, a SIPOC chart is
developed to present the construct of AD hotels supply chains
based on the collected information from the surveyed hotels.
The chart lists hotel suppliers, inputs supplied and used by
hotel’s main processes, the products and services of these
processes, and their customers. Each column in the chart lists
the items indicated by each surveyed hotel. For example, the
Suppliers column list almost all types of suppliers who
provide the hotels with products, parts, food, drinks, materials,
and services (IT, security, landscaping, entertainment, repair,
etc.). The chart provides a comprehensive view of the hotel
supply chain construct.

The main hotel processes and operations represent the core
of the construct. These processes takes key inputs and produce
key outputs in terms of products and services to guests and
hotel internal and external customers. Table 1 provides a
summary of main hotel processes along with their inputs and
outputs. Suppliers list is not included for confidentiality and
customers are limited to hotel guests.

Typically such construct operates through a logistic system
that flows material, information, and money across the supply
chain.  The logistic system includes procurement,
transportation,  material  handling, warehousing, and
distribution. Such system is managed through an integrated
database and network or an Enterprise Resource Planning
(ERP) system.

To answer this question, a SIPOC chart is developed to
categorize and summarize the hotel wastes based on the
developed construct. As shown in Table 2, the chart lists
wastes created by suppliers and customers and observed in the
inputs used by hotel processes, within the processes, and their
produced outputs. Suppliers produce wastes as well as
customers. SRM and CRM can work with both ends of the
supply chain on waste reduction.

Table 1 summarized I-P-O construct of the hotel supply chain
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Tnputs/supplies | Main Processes Outputs/services

Online bookings Confirmed reservations

Events schedule

| Reservation and booking
Phone reservations
Booking website Facilities planning

Reservation software

Guests arrivals | Reception Check-In
Stationary and Office equipment Room assignment
Newspapers and magazines Pay ment
Printing and promotional items Check-out
Concierge service
| Room fumiture "Room Guest le stay

Entertainment system
Linens, towels, bedsheets, robes, etc.
Tea, Coffee and Coffes Machines

Room services

Room amenities

Bathroom amenities

Room accessories and room decoration
Tissues and disposable cleaning papers

Promotional items

| Food and drinks | Restaurants culina ry and Meals
Fruits and vegetables cooking Buffets
Cooking materials Rooms catering
Cooking aquipment External catering
Cookware and glassware
Kitchen fumniture Room services
Energy and electricity
Hardware supplies Events catering
Cleaning materials
Grocery Items (Cereals, Pulses, Spices, Others food services
canned vegetables, jams, efc.)
Maintenance repair and operating supplies. | Maintenance Available water and electricity

Plumbing and sensor water taps, electrical
and lighting fittings, lambs, etc.

Functional lightening system

Functional HVAC system

HVAC system and equipment Functional plumbing sy stem
Security equipment and software Functional security sy stem
Lifis and escalators Functional lifts and escalators

Awareness plans to customers, visitors, and guests and
sourcing decisions to select eco-friendly and reliable suppliers
(e.g., green suppliers) are initiatives that can achieve such
objectives. However, the 1-P-O waste reduction is within the
control of the hotel management system. That is where most
of the effort of engineering and operational excellence should
be directed.

Table 2 SIPOC summary of hotel supply chain wastes

Suppliers Inputs Processes Outputs Customers
Delivery delay Packaging Garbage waste Coocked food waste | Wrong reservations
7. 1 i Tagy i fud .
Wrong delivery materials :, sed Gil hoard Amenities waste Late arrivals
rongly aper/candboard o . .
Transportation wrongly P Delay in guest Cancelations
ransportation oo ltem | Plastics y in g
receiv om | PU . E
delay e Organic waste services No shows
" . Defects = . . ate cliange
rong materia aw foo rong invoicing c
W | Raw food W Late changes
i Excessive Uneles ans
. e nclear S :
Broken items v . A Misinformation g efloves
'T inventory communication ) I \.md leftovers
Wrong mix Impraper Defects:  pipes Owver Production of | Wrong orders
- cfects: Pes. | food o . )
Shortage storage lambs, hardware 100 Excessive use of water
Damaged Over-processing Delay Excessive use of AC
material O cening lichts
: Under-utilization Kecping lights on
Wrong Waiting, idle time Damaging room furniture and
resource accessori
allocation . . )
Leaving and spreading dirt
Delay in check-out

As seen in Table 2, the wastes across the supply chain can
be categorized as tangible (material, item shortage, bad food,
defects, etc.) and intangible (delays, errors, bad scheduling,
etc.). Hotel supply chain wastes can be also related to the
seven wastes or non-value-added (NVA) of lean philosophy.
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Table 3 categorizes of the identified wastes in the hotel supply
chain into the seven common types of waste according to lean
principles and thinking.

Table 3 lean-based categorization of wastes in hotels supply chain

Lean Waste Waste examples in hotel supply chain

Defects Troken items, spoiled or expired food and milk, invoicing errors, reservation errors,
scheduling conflicts, wrong material, d I materials, d& 1 rejects,

retumn, rework, repair, nonconforming items, parts, devises, and equipment, ete,

Late delivery, late shipment, late amival, services delay, check-in‘out delay, customer
waiting time, work idle time, vnclear communication, resources underutilization, ete.

Delay/waiting

Overproduction | More than needed supplies. excessive food cooking and catering, garbage, water waste,

COCrEY Waste, eic.

Overprocessing | Exceeding standards, using expensive equipment, complex operations, complex services,

overqualified resources, wrong resource allocation, excessive multitasking

Inventory Keeping large amount of raw food and drinks, improper storage, excessive storage of

cleaning materials, spare parts, Wols, equipment, elc.

Long distance supplies and shipments, less than full rucks, returns, excessive material
Tundling, back and forth movements, etc.

Transportation

Mation Failure to follow standard operating procedures, lack of labor training and skills, excessive

worker motion in cooking, housekeeping, and other hotel services and operations.

The role of lean and green techniques will be focused on
eliminating/reducing these types of wastes. Such classification
can be used by hotel management to select the most effective
lean and green techniques that result in the most reduction of
wastes across the supply chain. That explains the need for lean
and green techniques in the next research question.

Some hotels have developed plans for classifying and
recycling different types of hotel wastes. These wastes are
assumed to remain after implementing lean and green
practices. Table 4 presents an example of wastes
classification. Some wastes are treated by private recycling
contractors, some are treated internally in the hotel, and some
are sent for disposal.

Table 4 example of plan for hotel classification of wastes

Waste Type Source Recyclable Hazardous Treatment/
Disposal plan

Cardboard/ papers Rooms offices Yes No ABC company

Food restaurants No No Disposal

Cans Restaurants, Yes No ABC company
Rooms, Offices

Metals Rooms, Offices Yes No ABC company

Qils Restaurants No Yes Disposal

Glass Restaurants, Yes Yes ABC Company
Rooms

Used water All Yes No Hotel facility

General waste All No No Disposal

IV. DISCUSSION AND CONCLUSION

The study has explored the hotel supply chain construct and
identified, categorized, and analyzed the wastes across the
supply chain of hotel industry. Results provided guidelines for
assessing and analyzing sustainability practices in hotels
supply chains. In general, the study found that the
sustainability concept in terms of lean and green practices is
relatively new to the hotel industry in AD. Many surveyed
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hotels view sustainability as adhering to environmental
standards an audits rather than technical lean and green
practices. Results showed that 5-star hotels have relatively
better sustainability practices across the supply chain in terms
of well-established systems and standards (including green
and environmental) with more focus of the chain effectiveness
(lean practices).

The SIPOC chart is found to be a good platform for
analyzing the construct of hotels supply chain based on the
collected information from the surveyed hotels. The chart lists
hotel suppliers, the inputs supplied and used by hotel’s main
processes, the products and services of these processes, and
their customers. The construct showed the size and diversity in
in some cases the complexity of hotels supply chains when
analyzed with a comprehensive view from sources of inputs to
the flow of services and operations towards hotel customers
and guests. The main hotel processes and operations represent
the core of the developed construct. These processes takes key
hotel inputs and produce key outputs in terms of products and
services to guests and hotel internal and external customers.
Typically such construct operates through a logistic system
(procurement process) that flows material, information, and
money across the supply chain.

A SIPOC chart is also developed to categorize and
summarize the hotel wastes based on the developed construct.
The chart listed wastes created by suppliers and customers and
those observed in the inputs used by hotel processes, within
the processes, and their produced outputs. The wastes across
the hotel supply chain were then categorized as tangible
(material, item shortage, bad food, defects, etc.) and intangible
(delays, errors, bad scheduling, etc.). Wastes were also related
to the seven types of wastes or non-value-added (NVA) of
lean philosophy.

Such categorization can help the hotel management in
identifying and directing effective green practices and lean
techniques to reduce the identified types of wastes. For
example, recycling and reuse green practices can target
tangible wastes and JIT and Kaizen techniques can target the
intangible delays and errors. Similarly, each type of lean waste
can be targeted by specific lean technique (e.g., defects by
quality at the source, overproduction by pull JIT system,
excessive inventory by inventory control systems, and so on).

The study recommended that SRM and CRM fronts of the
hotel can work with both ends of the supply chain on waste
reduction through awareness plans to customers, visitors, and
guests and proper sourcing decisions to select eco-friendly and
reliable suppliers. However, the hotel sustainability practices
should be focused on the I-P-O waste reduction (i.e., with the
hotel forward flow and reverse logistics). That is where most
of the effort of engineering and operational excellence should
be directed.
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Particularities of power transformer reuse with
respect to re-stamp process based on life cycle
assessment tool

Niculae N. Boteanu, Florin Ravigan and Mihai lacob

Abstract—This paper aims to demonstrate some sustainability
aspects of power transformers, regarding the life cycle assessment
with respect to transformer reuse phase through the re-stamping
process. The study enhances the way of thinking that technical
activities cannot be separated from the environmental impact of
anthropogenic actions since within the present industrial world no
biological ecosystem is free of human influence. This study is focused
in assessing some sustainability aspects of power transformers,
regarding the life cycle assessment, as well as the environmental
impact. Power transformer, as main equipment used in the electrical
transmission and distribution systems, have been analyzed in terms
of efficiency and sustainability parameters, under the legislation and
standards in use, in order to reintroduce the product in operation and
to continue its life cycle.

Keywords—Electric power transformer, life cycle assessment,

re-stamp process

POWER transformers, as main equipment used in the
electrical transmission and distribution systems, must be

analyzed in terms of efficiency and sustainability parameters,

under the legislation and standards in use. As a consequence,

a holistic approach of technical, environmental and economic

aspects could be highlighted [1].

We note that power transformers are electric equipment that
entail significant expenditures and long times related to
procurement and manufacturing processes [2-5]. Although the
costs and prices vary by manufacturer and by size, a large
power transformer cost can reach millions of Euros or dollars.
One could also note that the a large power transformer weight
is varying between 100 and 400 tones, entailing a big amount
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of raw materials. It must be also noticed that procurement and
manufacturing of power transformers represent a complex
process that requires qualified manufacturers, the purchase of
raw materials, a competitive bidding process, as well as special
modalities of transformer transportation for the use phase in a
certain electric network (because of the size and weight of a
large power transformer).

In the manufacturing process of a power transformer there
are necessary two important raw materials, namely copper and
electrical steel, that account for over 50 percent of the total
cost of the power transformer. We might recall that electrical
steel is used for the core of a power transformer, and its
characteristics are crucial to the efficiency and performance of
the equipment, while copper is used for the transformer
windings.

From the view point of natural raw depletion and
environmental stewardship [6], the production and operation
stages of a power transformer life must be correlated to the
stage of transformer reuse [2-5]. Over the last few decades,
international legislation have required environmental impact
assessment be carried out for all phases of transformer life [6-
9], according to Life Cycle Assessment tool, which includes
the production phase, use phase, re-use phase and end-of-life
phase. Modeling of all these transformer life stages might offer
solutions for further improvement potential, focusing on
technologies that reduce the electricity losses during the use
phase, and on alternative materials for reducing human health
and environmental impacts [7-8]. That means that the ability to
adapt to changing conditions and prepare for should be based
on the strong conviction that within the present industrial
world the overall objective must be to enhance thinking that
anthropogenic activities should be viewed in concert with the
entire systemon Earth [6-9].

This paper deals with some sustainability aspects of power
transformers, regarding the life cycle assessment with respect
to transformer reuse phase through the re-stamping process.

Life Cycle Assessment (LCA) is the most appropriate
managerial instrument that offers a framework integrated to
Cleaner Production and Industrial Ecology for analyzing a

SUST AINABLE OPERATION OF POWER TRANSFORMERS
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system, a product or an equipment from the extraction phase
through the operation stage until the end of the product [7-12].
In an illustrative assertion, the full Life Cycle Assessment
(LCA) is denoted as Cradle-to-grave, meaning from resource
extraction - cradle to use phase and disposal phase grave, or in
a new form as Cradle-to-cradle, in order to emphasize that
anthropogenic activities should not be generated any waste,
and the end of life of a product should mean the beginning of
life of a new product [9-14].

Over the last few decades, international legislation have
required environmental impact assessment be carried out for all
phases of transformer life [7-15], according to Life Cycle
Assessment tool, which includes the production phase, use
phase, re-use phase and end-of-life phase.

The operation principle of a three phase transformer follows.
Varying currents flowing in the primary winding (due to the
varying phase voltages ua, Ug and ug) create a varying
magnetic flux in the transformer core, and thus a varying
magnetic field through the secondary winding [8,16-17]. This
varying magnetic field induces a varying electromotive force in
the secondary winding. If a three-phase electric load is
connected to the secondary winding, electrical energy is
transferred from the primary circuit through the transformer to
the load.

For a three-phase transformer, electrically and magnetically
symmetric, one could obtain the equations corresponding to
the mathematical pattern [8,16], written with phase quantities
space phasors in fixed coordinates, according to the following
system:

uUu,=R - +A
21 14 dt
dy,
dt

'U_'?_: RIZ'Lz+
le Lcl.il+%ul
[ W Pl

L+1,=1

@)

1u
. _W2

I,= 1
W1

u,=(-u,) (-2
W1

where:

Uy is primary voltage space phasor;

Iy = primary current; space phasor

Up = secondary voltage space phasor;

Ip = secondary current space phasor;

w1 = primary magnetic fluxspace phasor;
W, =secondary magnetic fluxspace phasor;
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Wy1 = main (useful) magnetic fluxspace phasor;
I, = magnetizing current space phasor;

R; = primary phase resistance;

R, =secondary phase resistance;

L1 = primary leakage inductance; and

Lo = secondary leakage inductance.

It might be emphasized that these equations must be
completed with the magnetization curve of the ferromagnetic
core of the electric transformer, since this characteristic
contains information about the saturation degree of the
magnetic useful flux Depending on the magnetization curve
shape, namely a linear or non-linear dependence between the
magnetic flux and the magnetizing current it results a linear or
non-linear mathematical model, respectively.

Modelling of power transformer might offer solutions for
further improvement potential, focusing on technologies that
reduce the electricity losses during the use phase, and on
alternative material reducing human health and environmental
impacts [2-4,7-8,12,16]. Hence, improved technical options of
transformers considered as Best Available Technologies
(BAT) or Best Not yet Available Technologies (BNAT) take
into consideration [2-3,7]:

- applying improved cold grain oriented (CGO) steel, with
improved cutting technology, and decreased lamination
thickness;

- optimization of copper or aluminumwindings;

- optimization of core design policies and measures fostering
energy efficiency;

- change from CGO steel technologies, with a crystalline atomic
structure, to transformers with amorphous cores, which have a
non-crystalline anisotropic atomic structure;

- utilization of superconducting technology;

- using of smart grid technology to switch off a by-pass
transformers off peak load.

The legislation and standards in use widely accept that the
most important efficiency parameters are the load and no-load
losses, which are responsible for the electricity waste during
the use phase [7,13-15,17]. These parameters are covered by
different European and international standards and
regulations.

Il. LIFE REUSE PHASE OF POWER TRANSFORMERS
THROUGH RE-STAMP PROCESS

According to the principles and strategies of industrial
ecology and cleaner production, the Life Cycle Assessment
(LCA) became the most important tool in the management of
each industrial organization [9,12]. Within the framework of
cleaner production one of the main technico-ecological request
correlated to economics is related to the technological
consumption reduction, since this is the component with the
biggest share in the operational costs.

Taking into consideration that nowadays in the Romanian
Electrical System exist numerous power transformers that have
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been manufactured many decades ago, which theoretically
exceeded the normal life cycle, one could raise the issue of new
solutions for adapting these existing transformers’ use in the
conditions of a diminished industry, aiming an optimization of
power transformers loading.

Most often, in the case of under-loaded transformers, the
reference is expressed by the no-load losses. From this
perspective, one might note that for such a location it is
indicated the use of an electric transformer with the rated
power as low as possible, in order to imply the smallest no-load
losses.

It is important to highlight that with respect to the power
transformer losses, the decisions should be taken following a
comparison among the transformer losses curves in direct
correlation with a prognosis on the load curve. It means that to
purchase a new power transformer the beneficiary should be
concerned not only on the load characteristic, the no-load and
load losses, but also on the transformer price.

In the past the transformer manufacture have been based
sometimes on the concept of avoidance of copper and
aluminum consumption waste, that led to transformers
characterized by the life use stage with big non-load and short-
circuit losses. One could note that the no-load losses (Po) are
permanent and lead to increased electrical energy expenditures
of the industrial companies that exploit the power transformers.

In line with the previous idea concerning the no-load energy
waste, it must be recalled that very often these power
transformers are of a larger rated power that necessary for

than another one of same rated power, since the cooling
systemis better.
As example, one could note that: from transformers of 63

S[KVA] 63 100 250 400 630 1600
Po[W] | 300 350 680 940 | 1250 | 2700
P.[W] | 1500 | 2300 | 4400 | 6000 | 8200 | 18000
Table 1 Classic transformers with normal losses
kVA might be obtained transformers of 50 kVA; from

transformers of 100 kVA are obtained transformers of 75 kVA;
from transformers of 160 kVA can be obtained transformers of
125 kVA; from transformers of 250 kVA are obtained
transformers of 200 kVA; from transformers of 400 kVA are
obtained transformers of 315 kVA; from transformers of 630
kVA are obtained transformers of 500 kVA; from transformers
of 1000 kVA are obtained transformers of 800 kVA; from
transformers of 1600 kVA are obtained transformers of 1200
kVA. For a classic transformer of 400 KVA re-stamped into a
transformer of de 315 kVA this operation leads to no-load
losses PO smaller than those of a transformer of 250 kVA
(namely, 625 W to 650 W), while the short-circuit losses Pk are
in the range of same losses in a new transformer manufactured
with reduced losses of same rated power (namely, 4200 W)
according to the tables 1,2,3.

It must be emphasized that there are also possible other
power changes, aiming to better performances than those

certain industrial companies. As a consequence of the presented previously. Moreover, one could also change the
S[kVA] | 40 63 100 125 160 200 250 315 400 630 800 1000 1600
Po[W] 185 250 320 380 460 580 650 680 930 1300 | 1350 | 1700 2300
P [W] 985 1350 1750 2100 | 2350 | 2800 | 3250 | 4200 | 4600 | 6500 | 8600 | 10500 | 14960

Table 2 Low losses transformers

economic activity resizing in Romania, the necessary of
installed power of these industrial companies decreased.

In the context of alignment of electrical energy prices to the
European level, the need to reduce the electricity consumption
is vital in order to maintain or even increase the competitively
of economical companies of Romania. Nowadays the solution
applied in order to reduce the installed power consists in
changing the existent electric transformer to a transformer of
lower rated power.

Following the observation that a power transformer is a
static electromagnetic equipment, without components in
move, it is ascertained that a power transformer could have a
long and sustainable operation life. Based on this premise will
be a question of opportunity to realize the decrease of no-load
losses (Po) and of the windings ‘losses (Pk) without being
necessary to purchase a new transformer. This way the
transformer efficiency might be improved through the re-stamp
process. This technological operation consists in the
transformer rewinding corresponding to a smaller apparent
power, having as a benefit the decrease of electric losses in the
power transformer. In these operation conditions the power
transformer might be overloaded if necessary for a longer while
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transformation ratio of a power transformer, depending on the
need of the beneficiary.
As example, it is presented the re-stamp operation for a

S[kVA] | 50 75 200 | 315 | 500 [ 1200
Po[W] 150 | 200 |[580 | 625 | 910 | 1600
P« [W] | 1000 | 1350 | 2800 | 4200 | 6000 | 14500

Table3 Transformers re-stamp
transformer from 6/0.4 kV to 20/0.4 kV. In order to performthe

re-stamp operation there are necessary the technological
operations of removal of the active part; removal of
accessories on the active part; MV and LV bushings comutator
of plots; MV and LV connections of oil level conservative,
etc.; removing the coil from the columns of the magnetic core;
cleaning and technical inspection for core supportive
scaffolding for the core, of the tiles and pressing rings and tie
bar bolts etc. All these are labeled to identify and possible
replacements substandard. It will carry out cleaning, sanding
until metallic luster, priming and painting of metal
constructions of transformer (pan, cover, conservative,
supportive scaffolding for the core). The tank tightness shall
be verified in order to eliminate oil leaks. Technological will
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continue execution of spare parts, and brake pressing
supporting connections; proper execution of the new power
transformer coils; mounting the coils on the column of the
magnetic core; execution of connections and mounting wafer
switch on the MV, execution for secondary connections (LV);
drying the active part is made in special installations and high
vacuum environment; filling with transformer oil; transformer
accessories mounting (bushings, oil level, etc.).

After re-stamping tests and measurements are performed
according SREN 60076 2003 PE 116/1994 and include: Checkout
of transformation ratio. Ascertainment of the connection
group. Determination of the ohmic resistance of the windings.
Measurement of the insulation resistance of the windings to
the ground and determination of the absorbtion coefficient.
Verification of the dielectric strength of the oil. No-load test
with the measurement of no-load losses. Short-circuit test, with
the measurement of the load losses and short-circuit voltage.
The test with applied voltage to verify the windings insulation
to the ground. The test with induced voltage to verify the
insulation between the winding turns. Leak testing using
nitrogen pressure. Finishing and certification of transformer.

Given the technological progress, the Regulation. 548/2014
on the implementation of Directive 2009/125 / EC of the
European Parliament and of the Council as regards small,
medium and large power transformers [18] recommended that
the verification and operations to assess at least: the ability to
determine the minimum values on maximum efficiency indexfor
all transformers; the ability to separate itself transformer losses
from other losses associated with other components which
function as voltage regulation, when appropriate; opportunity
to establish minimum performance requirements for single-
phase power transformers as well as for small power
transformers; appropriateness, in time, the concessions
granted transformers installed on poles and special
combinations of winding voltages for medium power
transformers; the ability to reduce the environmental impact,
other than energy consumption in the use phase.

IV. CASE STUDY. EXPERIMENTAL RESULTSOF POWER
TRANSFORMER FOR LIFE REUSE PHASE

In order to be reused, a failed transformer must be repaired
and then submitted to specific tests. In this section there are
presented the results of a transformer and an autotransformer
testing according to IEC standards and EU legislation [17-18].

The most important efficiency parameters of transformers are
no-load and load losses, which are responsible for the
electricity losses during the use phase. These parameters are
covered by different standards depending on the transformer
type, the main being the IEC 60076-1, that is the general generic
standard for power transformers with European equivalent EN
60076-1.

I. Hence, for the transformer that had failed during the use
phase in the Romanian Energetic System, after repairing it, the
compulsory tests for the transformer reuse were performed.

The transformer with the terminals’ connection YOd - 11,
rated power Py=250MVA, rated voltage UN=110/22kV, Highest
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voltage for equipment U=123kV and rated current
In=131,2/656A had been submitted to tests in order to be reuse
within the Romanian Electric System after the repair process.
First step consisted in verifying the terminals’ connection
Y0d — 11 and the transformation ratios, as below in Table 4.

Tested Earthed terminals

terminal Direct Trough resistors [ Q]
A B,C,a,b,c N (1)
N a,bc A, B, C(1)
a N, A B,C b,c (1)

Table 4

Further there were performed the tests according to IEC
standards.

AL Further in this paper there will presented the full and
chopped lightning impulses of transformer tests from
manufacturers that were investigated by method of graphically
recording according to IEC 60060-1/1989, IEC 61083-2/1996 and
IEC 60076-3/2000. In this case study the tested product was a
three- phase transformer ONAF 250 MVA; 110/22 [/ 30 kV,
Connection Y0d — 11
The technical characteristics established by manufacturer are:

- Rated power: OFAF 280 for HV/ 280 for MV/ 60 MVA for
LV

Rated voltage: 110 kV for HV; 22 kV for LV
Rated normal current: 131.2A for HV; 656 A for LV

- Rated frequency: 50 Hz.

The reference standard is IEC 60076 — 3/ 2000, and the tests
performed were for 1.2 /50 ps full wave lightning impulse test.

Tested Full Cut Wave- shape
terminal | wave | wave | Fullwave (us) Cutwave (us)
Kkv) | kv)
A,B,C 450 450 | 0,84+156/40+60 12/2+6
N 290 - 0,84 +13/40+ 60 -
a,b,c 125 125 [ 084+156/40+60 1.2/2+6

Table 5

One could note that for the lightning impulse test for full
wave 1.2 / 50 s the atmospheric conditions were: p = 1000
mbar; t = 13; hr = 66 %. the test standard: IEC 60076 — 3 / 2003,
clausel3 and 14, and the rated lightning impulse withstand
voltages as below in Table 6.

Tested Parameters of impulse generator
terminal Stages Cs Rs Rp
number [ uF] [ Q] [ Q]
A B,C 4x1 0,144 2538 590
N 2x1 0,288 288 153,3
a,b,c 1x4 2,304 47 46
Table 6

The parameters of the impulse generator 4.2 MV no.5 — 1197
and of the used voltage divider were the following.

As an Addenda one could note that Cs is the equivalent
capacity of impulse generator; Rs is equivalent serial
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resistance of impulse generator; and Rp is equivalent parallel
resistance of impulse generator

The terminal connections of the tested autotransformer were
as below, with the notes that: during the test, core, frame, tank
and terminals of current transformers were connected to earth;
during the tests the tap changer was on following position: N,
A,a,b,c- 1;,B-10; C-19.

In Fig. 1 it is represented the Scheme winding neutral HV
test, while Fig.2 encompasses the HV winding neutral terminal
testing circuit and in Fig. 3 is depicted the Test Scheme of the
LV winding line terminals.

As a Legend for the above figures one could note that: Cs is
equivalent capacitance of impulse generator; Cl is HV

o (B3 Cireuit de e
N L B c Chd T e
Sunt l /{/‘h’
oheie |1
m ol
S
| 2 ETh
— | £
. . |
a b N R R
M o

Fig.1 Test scheme of HV winding neutral

TE-A5
Ch4
Surt
ohric
bE¢|

Fig.3 Test scheme of the LV winding line terminals LV

capacitance of divider; C2 is LV capacitance of divider; Rs
represents the equivalent serial resistance of impulse
generator; Rp is the equivalent parallel resistance of impulse
generator; DC/CD is capacitive divider; EA is the sphere—gap;
ETM is the multiple chopping—gap; Zc is the chopping circuit
impedance.
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In  Figs.
oscillograms.

4-6 there are presented the

corresponding

One could note that:

TH1=1 00 00hE
;
1
;
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Fig.4 Regarding the CH,- NUP/C/HV for
U,=227kV,T1=1,14ps, T,=45,4ps, CH; for 1,=1254A and CH3

[TEB1=100000EE !
. [ N N b S -

o ZJJII\.IS 4JDIus BDDIus Sﬂlllls 1DII1IS
Fig.4 Regarding the CH,- DUP/B/HV, eval. LI, for U,=451,6kV,
T,=1,15ps, T,=48,2ps, and CHj, eval. P for 1,=160,2A

1
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Fig.5 Regarding the CH,- DUT1/B/HV, eval. LI, for
U,=453,9kV, T,=1,16ps, T=5,29us, and CH3, eval. P for
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Fig.6 Regarding the CH, - DUT2/LV, for U,=123,5kV, T,=1,1ps,
T.=5,8ps, and CHj for 1,=208,2A; DUP2/LV for
U,=125,2kV,T,=1,02ps, T,=42,4us, and CH; for 1,=500,2A
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tail time; Tc — chopping time — parameters of testing impulse
wave; Ip — current peak value measured on the tested phase.

2. Wave forms of voltage impulse during the tests were
inside of the limits prescribed by the test norms.

As a test conclusion one could emphasize that he product
passed the test.

V. CONCLUSION

This study was thought and conducted according to the
recommendations and requirements given in the IEC standards,
the ISO 14040 series of LCA standards.

This paper demonstrated some sustainability aspects of
power transformers, regarding the life cycle assessment with
respect to transformer reuse phase through the re-stamping
process.

A main purpose of the paper was to point out that a holistic
approach to technical, environmental and economic aspects
must be highlighted. No missing test standards or
measurement procedures on energy use and other
environmental parameters have been identified for power
transformers.
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Glass — structural material of buildings

Marcela Karmazinova and Jindrich Melcher

Abstract—In the period of several last decades, glass is used not
only as a transparent filling of building openings, but also as the
statically and dynamically loaded civil engineering structural
component. Structural glass is brittle material without elastic or
elasto-plastic behaviour, so the missing pliability of the material
cannot help to decrease the influence of the local stresses
concentration. Also the deformations of the slab structures can
significantly exceed the slab thickness, so it is necessary to apply the
theory of the large deflections, i.e. geometrically nonlinear theory of
the 2" order of thin slabs. Thus, the design of load-carrying
structures made of structural glass requires diametrically different
approaches than in the case of conventional building materials. The
paper presents some examples of the arrangement of load-carrying
structural systems and inclusion of the glass components into the
buildings, structural details and used basic materials. Significant
parts of the verification of the reliability of structural glass systems
are experiments and loading tests realized for the real load and
boundary conditions and for the real composition of used materials
corresponding to the verified structure. In the paper, basic typical
failure modes of the components made of float glass and laminated
float or tempered glass with intermediate foil. Also the examples of
realized buildings using load-carrying components of structural glass
are mentioned, respectively also their damage and crash.

Keywords—Structural glass, float glass, tempered glass,
material property, building, civil engineering, failure.

I. INTRODUCTION

HE basic classic materials of building load-carrying

structures (masonry, concrete, steel, timber) are more
significantly complemented (in the last period) by structural
glass, which is not only traditional filling of smaller window
openings, where their dimensions (thickness) arising from the
long term practical experience has not been usually verified
by the static assessment. Emerging trends in the architectonic
creation of the buildings requiring large glazed areas of civil
structures, but — on the other hand — also the possibilities of
their realization related to the development of the production
technology of the large scaled glass components, bring new
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challenges for the industry of the glass production, as well as
for structural engineers.

Similarly as traditionally in the case of load-carrying civil
structures, glass requires — in dependence on the support type,
load intensity and material properties — the verification of the
reliability, durability and effectiveness, as it is, in civil
engineering practice, necessary in the case of other structural
materials.

For the reasons mentioned above, the attention is paid to the
research, realization and development of methods for the
design and resistance of the load-carrying structures made of
structural glass, over the world. For further development of
the usage of load-carrying structural glass in civil engineering
structures, it is important to develop the new technologies and
procedures of the glass production, which are ensured by
many significant producers of the diverse assortment of glass
components, as well as respective supply companies.

II. MATERIALS AND COMPOSITION OF STRUCTURAL GLASS
ELEMENTS

A. Annealed Glass, Float Glass

The basic type of building glass, which can be modified and
treated by tempering, staining, sandblasting and cutting, is
clear float glass. The input raw material for its production is
silica in the form of sand, soda in the form of carbonate and
sulphate, and limestone as a stabilizer. Flat clear glass is an
input raw material for the wide range of the usage of glass in
building structures (interiors and claddings of buildings). The
basic overview of the heat-strength treatments of float glass
with appropriate technical terminology is shown in Fig. 1.
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Fig. 1 composition and terminology of structural glass components
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B. Fully Tempered Glass, Toughened Glass

The increasing of the mechanical resistance of float glass
can be reached using the technology of heat-toughening
(tempering) that means glass is heated to the specific
temperature (about 650 °C) and subsequently it is cooled by
the sharp airflow. Due to the cooling, inside the structure of
heat-strengthened glass the tensile stress occurs, while on the
surface the compression stress occurs.

Thus, the physical properties from the viewpoint of the
strength are significantly changed. In the case of breaking,
glass will break into small pieces, so the risks of personal
injury and property damage are minimized. The new
distribution of the stress in toughened glass affects the
essential change of glass properties.

Fully-tempered glass will obtain the resistance to the strike,
and further, the flexural strength and thermal resistance up to
200 °C will be increased. Thanks to these properties, this glass
is classified as safety glass. Glass must be finally machined
(drilling holes, grinding edges, etc.) before tempering, because
its further machining after toughening is not already possible.

The usage of heat-toughened glass requires significant
attention from the viewpoint of the elimination of safety risks
associated with keeping technological limits of dimensions
and shape of the component, initial deformations and failures,
details of bearing on the support structure, and so on. The
special problem can also be spontaneous explosion of heat-
toughened glass.

The problems mentioned above are in detail discussed, for
example, in the sources [4] and [5], which define the basic
causes of the failures of glass:

- the breakage of glass due to the temperature shock;

- the failure of glass due to the assembly mistake;

- the failure of glass caused by the poor machining;

- the condensation in the interspace of insulating double

glass or triple glass;

- the spontaneous explosion of heat-toughened glass.

In the cases, when the risk of the spontaneous breakage of
glass with nickel sulphide (NiS) inclusions is inadmissible, it
is recommended to use so-called “heat-soak™ test of already
heat-treated glass panes. So it is practically avoided the usage
of glass, which can crack without previous warning due to
anomalies caused in the tempering process.

C. Heat Strengthened Glass, Partly Toughened Glass

The next type of heat-strengthened glass is semi-hardened
partly toughened glass. Its mechanical properties of soda-
lime-silica glass do not change during the progressive heating
at least up to 200 °C and they are not influenced by the
temperatures below freezing.

In the production process, glass is subjected to the special
heat treatment, which is different from usual heat toughening.
The temperature of glass heating and the time of the whole
treatment process are different. Then, the result is glass with
increased mechanical resistance (compared with float glass),
and in the case of breakage, the pane is broken to the larger
pieces. The resistance to the heat stress is also higher. The
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advantage is, that this type of glass has no nickel sulphide
inclusions (NiS) and resists to the temperature difference of
up 100 °C.

D. Laminated Safety Glass

Laminated safety glass is composed of two or more panes
of tempered or heat-strengthened glass with the usage of
intermediate foil inserted in autoclave at the temperature of
about 140 °C and the pressure of 0.8 MPa. Most often used
intermediate foils are polyvinyl butyral (PVB) or ethylene
vinyl acetate (EVA) foils. The thickness of the foil is,
according to the type, 0.38 mm or 0.76 mm.

In the case of breakage, safety glass remains glued to the
foil and the personal injury and property damage are avoided.
In the cases, when one of glass is not damaged, the wholeness
of glass pane is maintained.

Safety glass has the application there, where it is required
avoiding injury, to protect against burglary and firearms and
noise protection. The combination of laminated heat-
toughened glass is also used for walkable glass slabs.

Safety laminated glass with acoustic effect uses PVB foil
and reaches improved characteristics for avoiding the noise
spreading. The properties of this glass depend on the specific
composition and combination of the glass panes and foils. The
maximal value of the sound attenuation is 45 dB.

III. PRINCIPLES OF DESIGN OF STRUCTURAL GLASS
COMPONENTS

The default illustrative comparison of the static behaviour
of glass, steel and concrete is evident from stress-strain
diagrams for these materials drawn in Fig. 2. The course of
those diagrams indicates the response of the relevant material
to the load.

It is evident, that structural glass is ideal elastic brittle
material without elastic-plastic or plastic behaviour, and thus,
pliability (ductility) of the material cannot decrease the
influence of the concentration of local stresses in the case of
intensive loading.

From the viewpoint of the design of structural details and
connections, it is necessary to eliminate the direct contact of
glass and supporting steel structure, for example using plastic
washers, inserts, eventually sealants or backed silicone
profiles, which allow to exclude failures arising from the
rigidity of locally loaded glass component.

In addition, the deflection of slab structures — particularly in
the case of one-layer panes — can significantly exceed the slab
thickness, so for the static analysis it is necessary to utilize the
theory of the large deflections, i.e. geometrically nonlinear 2™
order theory of thin slabs, instead of the classic Kirhoff’s
theory of thick slabs. In this case, the flexural effects are
supplemented by the membrane components of the load in the
slab plane.

The principles of the design of the load-carrying structures
with the application of structural glass require markedly
different approaches than in the case conventional building
materials.
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Fig. 2 characteristic stress-strain diagrams of (a) glass, (b) steel, and
(c) concrete

Basic material, mechanical and physical characteristics of
soda-lime-silica glass are mentioned in Table 1.

Table 1 characteristic values of soda-lime-silica glass

Quantity Symbol Value and unit
Density (specific weight) p 2 500 kg'm™
Young’s modulus of elasticity E 70 000 N-mm™>
Shear modulus of elasticity G 30 000 N-mm™>
Poisson’s coefficient u 0.23
Coefficient of thermal expansion a 9-10° K!
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The philosophy, methodology and procedures of the design
of load-carrying structures for the basic materials (concrete,
masonry, steel, timber, steel-concrete) are in detail elaborated
and introduced in the unified European Standards
(Eurocodes).

In general, for structural glass, all the principles defined in
EN 1990 — Eurocode: Basis of Structural Design and EN 1991
— Eurocode 1: Loading Actions, where the principles for the
loads by snow, wind, dead load, live load, etc. are mentioned,
are valid.

Normative uniform European document allowing the static
design of load-carrying systems with the usage of structural
glass is however in the stage of the proposal and it is not
definitively approved. Therefore, in this paper, informative
data only, following the concept of selected procedures for the
design of building structures with the usage of structural glass
are mentioned, in the meaning of prepared normative
documents arising from the methodology of limit states.

A. Strengths of Structural Glass

The basic characteristic strength of float glass f,, as a basic
material property, can be given as the value of

fie = 40 N/mm’ . (1)

The characteristic strength f, of the component made of
structural glass can be determined according to the formula

ka = kmod : ksp fkg > (2)

where £k, is the factor of the type and duration of the load,
which reaches the values in the range from 0.29 to
1.00;
kg, is the factor of the type of the surface of glass
component, which reaches the values in the range from
0.32 to 0.55.

The basic characteristic strength of heat-strengthened glass
can be given as the value of

fie = 70 N/mm” . 3)

The basic characteristic strength of heat-toughened glass
can be given as the value of

fie = 120 N/mm” . 4)

The characteristic strength of the components made of
structural heat-treated glass can be in principal determined
according to the same formula as for float glass, i.e. formula
(2), where, similarly as in the case of float glass, k., is the
factor of the type and duration of the load and £, is the factor
of the type of the surface of glass component.

B. Resistance of Structural Glass Load-Carrying Systems

The verification of the resistance of load-carrying system
with the usage of structural glass for the ultimate limit state
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can be performed according to the design reliability condition:
E;<Ry, (5)

where E, is the design value of the load effect;
R, is the design value of the resistance of the structural
component or system.
The design strength fz; of the structural glass component can
be determined according to the formula:

Jra = Jrie! Vur (6)

where the value of the reliability safety factor y, 1is
recommended to take as

From the viewpoint of the serviceability limit state, the
permissible values of the deflections dy;, are given as (up to)

Sim =L 1100, (8)

where L is the span of the component between supported
edges.

All the indicated design factors, material characteristics and
reliability coefficients will be more in detail defined after the
approval of the prepared European document EN 13474 Glass
in Civil Engineering.

In conclusion of this paragraph, it should be noted, that it is
not recommended to use and design the thickness of one layer
of load-carrying structural glass less than 3 mm and greater
than 25 mm.

IV. SELECTED EXAMPLES OF REALIZATIONS AND STUDIES

The development of the use of the building load-carrying
systems with the application of structural glass is further
indicated by the selection of illustrative examples of buildings
and project studies realized over the world, but also in the
Czech Republic.

Fig. 3 stairs in Audio-Video Shopping Center, New York
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The glass stair, suitably integrated to the interior of the
Audio-Video Centre in San Francisco, is shown in Fig. 3
(photo J. Melcher). Glass does not prevent the vista to the
internal space of the building. The stair grades, as well as the
vertical supporting structure stiffened by supporting

transverse ribs, are designed and made of glass. Transverse
stiffening ribs are necessary, with respect to the insurance of
the resistance of the high slender wall subjected to the vertical
compression load.

Fig. 4 Juilliard School in Lincoln Center, New York

The structures in the areas of Lincoln Centre in New York
stiffened by twisted rope are illustrated in Fig. 4. Partition
peripheral or external walls or, eventually, railing fillings
without significant effects of the basic loadings (vertical load,
wind, and so on) shall be assessed according to the technical
document CSN EN 12600 Glass in Civil Engineering —
Shuttle Test — Method of Impact Test (CNI Prague, 2003) and
CSN 74 3305 Protective railings (CNI Prague, 2008).

High glazed peripheral building walls — with respect to the
significant effects of the wind load (compression or sucking) —
shall be necessarily stiffened by the steel load-carrying
structure, which create the support system of peripheral glass
cladding.

@ (b)

Fig. 5 (a) wall in Waterloo Station, London; (b) hall of International
Forum, Tokyo
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In Fig. 5 (a) (photo J. Melcher), the structure of the glazed
wall in the area of Waterloo Station in London, with the steel
support structure, which is created by the truss system with
ties and struts placed both outside and inside the building, is
shown. In Fig. 5 (b) (photo J. Melcher), the structure of the
glazed wall of so-called Glass Hall in the areas of the
International Forum in Tokyo, with steel support structure,
created by the truss system with ties and struts placed inside
the building, is shown.

From the shots mentioned the arrangement of the relevant
structural system is evident, and mentioned examples indicate
large diversity of the composition and structural design of
load-carrying systems with the usage of structural glass.

The illustration of the successful usage of structural glass in
the Czech Republic is the oblique facade of the store Sykora
Home Prague [6] in Fig. 6. The wall of the fagade is along the
top line inclined from the vertical plane. The laminated glass
panels are through the targets anchored to the steel load-
carrying structure created by lattice crosspieces, which are
supported by steel columns inclined in parallel with the
facade. The lattice tube crosspieces are supported by the
system of rectifiable parallel ties DETAN.

Fig. 6 structure of oblique fagade of Sykora Home building, Prague

The example of the usage of structural glass for the roofing
of the platform of bus station near the railway station Ostrava
— Svinov is shown in Fig. 7. The work has been ensured by
the company METALPROGRES Inc. Tetcice, and on the base
of this, the experimental programme [7], [9] of the verification
of load-carrying capacity and deformations of the panels made
of structural glass corresponding the real composition and
supporting of test specimens, has been realized. Relevant
loading tests are more in detail mentioned below in the
chapter 5.

The roofing component made of two-layer tempered glass
with intermediate foil showed the possibility of the fall of
glass slab to the covered space in the case of the failure
around metal targets. With regards to otherwise favourable
deformation and strength characteristics of proposed
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composition of roofing panel, it can be effective, to eliminate
this problem by supplementary technical modification, which
will exclude the fall of the failed specimens. The proposed
modification lies in the inserting protective rope (see Fig. 7)
under glass slab. The rope is anchored to the shackles in the
axis of the bolts of circle connecting plates, and it is lead
diagonally and further along the line connecting four support
nodes of glass slab. The utilized steel rope had the diameter of
5 mm; in general it is enough to design the rope according to
the corresponding self weight and the number of the hangings.
The failed pane composed of laminated tempered glass is
detained by the protective rope, it remains undivided thanks to
the stiffening effect of the foil and in addition, it is capable of
transport and manipulation when replacing.

Fig. 7 roofing of platform of bus station, Ostrava - Svinov

In the period of the last years, the usage of the large-scale
glazed fagades of buildings has been significantly spread.
Their necessary stiffening, in relation to the adverse effects of
compression and sucking of the wind, is ensured by the
transverse glass ribs, so-called fins, which are inserted, in
parallel in the certain distances, into the fagade system.

Various possibilities of the composition of the glass walls
of the mentioned type are documented by the examples of the
realizations over the world, but also in the Czech Republic.

(a) (b)
Fig. 8 (a) South Bank University, London; (b) Holiday Inn, Paris
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Fig. 8 (a) shows the shot of the structural glass wall
stiffened by transverse glass ribs in the building of London
South Bank University. Another example of the similar
solution of the restaurant glass wall in Holiday Inn Hotel in
Paris is shown in Fig. 8 (b) (photo J. Melcher). Further, the
solution realized in Burj Al Arab Hotel in Dubai is illustrated
in Fig. 9, and finally, the glass wall in the building of Harbour
Grand Kowloon Hotel in Hong Kong is in Fig. 10 (photo J.
Melcher).

k
] e

Fig. 9 Burj Al Arab Hotel, Dubai

Fig. 10 Harbour Grand Kowloon Hotel, Hong Kong

From the structures of the similar type realized in the Czech
Republic, it is documented the glass facade stiffened by
transverse ribs, which lines the stairs tower of the new
building of the Faculty of Civil Engineering of Technical
University of Ostrava, as indicated in Fig. 11 (photo J.
Melcher). This work was tasked by the company TOLZA,
Ltd., Brno. The tests of the connection of the transverse rib to
the facade of the type of “metal plate — glass” with the usage
of two-component silicon sealant, have been performed, as
illustrated in Fig. 12.

The specimens with surface treated by powder-coated Al-
profile, with coating represented by polyester thermoset
powder of PE GREY RAL7015 GLOSS, or eventually,
powder coating of Interpol D1036 Lesk 85, showed the
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satisfactory adhesion of sealant to metal and glass, and the
failure always occurred on the shear area going through
silicon part of the specimen — for more see e.g. [8].

28

Fig. 11 structural glass fagade stiffened by transverse ribs — Faculty
of Civil Engineering, Technical University of Ostrava

. 2mm x i
pryt

Koltky 12—

Fig. 12 tests of sealant for glass facade for Faculty of Civil
Engineering, Technical University of Ostrava

The special structural group with the usage of exposed
load-carrying glass components are large aquariums in the
areas of ZOOs or social centres.

Fig. 13 aquarium on area of exposition of ZOO Park
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The example of the aquarium in the interior of the building
of ZOO Park is shown in Fig. 13. Probably due to the
imperfect structural solution of the spot support of the load-
carrying structure near the edge of the glass wall, the
aquarium has been failed when filling by water, as evident
from Fig. 14 (photo J. Melcher). The vertical wall of the
aquarium composed of laminated glass with the thickness of
3 x 8 =24 mm with inserted intermediate PVB foil had the
width of 4 800 mm and the height of 2 800 mm. It was
divided by vertical gaps, at the thirds of the length filled by
silicon sealant. The illustrative utilization of ANSY'S software
(J. Kala) for the elaboration of the expertise of the crash is
briefly shown in Fig. 15.

Fig. 14 damage of aquarium after filling by water
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Fig. 15 illustrative utilization of ANSYS software for elaboration of
static assessment

In this connection it is also interesting to mention the
transparent wall of the greatest world aquarium in the
shopping centre Dubai Mall in Dubai illustrated in Fig. 16.

The transparent front wall has the width of 32.88 m, the
height of 8.3 m and the thickness of 750 mm. The weight of
the wall is 245 614 kg. Technically it is not the material
corresponding building glass, although it is sometimes marked
as acrylic glass. Chemically it is the transparent thermoplastic
PMMA (polymethylmethacrylate), often used as an alternative
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to glass, characterized by the small weight and the high
resistance to the fragmentation failure. Its widening in the
practice has been introduced after 1933 year under the
trademark Plexiglass, later ACRYLITE®, Lucite and Perspex.

Fig. 16 aquarium in shopping centre Dubai Mall

V. VERIFICATION EXPERIMENTS AND STRUCTURAL GLASS
COMPONENTS TESTING

The authors’ workplace, i.e. the Department of Metal and
Timber Structures of the Faculty of Civil Engineering at Brno
University of Technology (BUT), pays long term attention to
the verification of the resistance and analysis of the actual
behaviour of load-carrying structural components and systems
composed of steel, timber, steel-concrete, glass-fibre-concrete,
glass, combined structures and also composites, eventually
other materials, with considering the influence of their
imperfections (geometrical, structural and constructional) —
see e.g. [9], [7] and [10] to [20].

This tradition, which is continuously following, has been
already introduced under the action of Professor Ferdinand
Lederer on the authors’ workplace, together with the accent to
the questions of the theory, calculation methods and static and
structural design of the load-carrying components and systems
made of these materials.

Fig. 17 traditional method of uniform loading of planar components

Within the loading of the structural glass load-carrying
components, the primary problem is the realization of the full
uniform load simulating compression or sucking of the wind,
eventually snow load. The loading process should allow
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monitoring and recording the deflections, and also damage of
tested specimens in the progress of increasing or decreasing
the load.

It is evident, that the traditional method of the loading of
the planar structural components by full uniform load using
weighed ballast gradually loaded at the tested specimen, used
sometimes even at the front foreign research or university
workplaces (see Fig. 17), is imperfect and unsuitable method
for the verification of the actual behaviour of the glass panes.

In the testing room of the Department of Metal and Timber
Structures of the Faculty of Civil Engineering at BUT, the
new efficient so-called vacuum test method allowing the
uniform loading of the planar structural components, has been
developed after 1980 year. Fig. 18 shows one of the first
experiments of the type mentioned, used for the verification
test of the resistance of glass fill of the railing of the bridge of
Vysocina at Velké Mezifici (given by the task of A. Pechal),
to the uniform load corresponding the effects of compression
or sucking of the wind.
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Fig. 19 scheme of arrangement of vacuum loading test of structural
glass planar component
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The basic scheme of the arrangement of the vacuuming in
the loading test of the structural glass component is shown in
Fig. 19. The component tested (a) is supported as corresponds
with the real structure, for example line supports or single
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support nodes or targets (c), anchored to the helping frames,
similarly as in the real load-carrying system. The slab
specimen supported as mentioned, is installed to the separate
testing box (d) represented by the rigid peripheral timber
frame, and the tested specimen together with the box are
covered by the transparent plastic foil (c) glued to the
stiffened floor of the testing room. The floor must be
stiffened, with regards to the significant effect of sucking in
the closed testing box.

From the space closed under the transparent foil the air is
sucked, and then, the tested specimen is ideally uniformly
loaded by the effect of the atmospheric overpressure. The
overpressure is measured by the electrical sensor with the
digital pressure gauge, and in parallel, for checking, it is
verified using the liquid barometer. The regime of the uniform
loading and reloading may be simply regulated and the load
intensity is determined measuring the overpressure between
the external environment and the space closed by foil. The
illustrative shot of the real test of vacuum loading of structural
glass is in Fig. 20.

Sl

Fig. 20 illustration of arrangement of real test of structural glass

Fig. 22 failure of single-layer float glass — test specimen T1
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Experiments verifying the actual behaviour of the glass
components allow analysing the deformations (deflections)
and the ultimate load-carrying capacity, as well as the failure
mechanism in dependence on various material and structural
composition of the glass component.

Fig. 25 failure of laminated tempered glass — test specimens T5, T6

Fig. 26 influence of safety rope on failure of specimens T5, T6
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Characteristic examples of the failure of the glass
specimens tested within the research programme [7], [9] are,
for the illustration, indicated in figures below. Failure of the
test specimen made of single-layer tempered glass (T1) is
characterized by breaking up to small fragments — see Fig. 21.

The test specimen made of laminated double-layer
tempered glass (T2) has been failed by tearing from the
supporting targets and by the subsequent falling of the whole
specimen — see Fig. 22. The essentially different failure
mechanisms of the test specimens made of laminated float
glass (T3, T4) and laminated tempered glass with intermediate
foil (T5, T6) are evident from the shots in Figs. 23 and 24, in
comparison with Figs. 25 and 26.

On the base of tests realized on the authors’ workplace, the
failure mechanism of the component made of structural glass
of different composition arrangement is indicated further. It is
the wall component made of insulating triple-layer glass in the
arrangement according to Fig. 27 (a). The tests have been
realized for the company GLASS EXPERTS, Ltd., Zlutice.

Az
I

(b)

Fig. 27 loading test of pane made of insulating triple-layer glass: (a)
composition of glass component; (b) failure of glass component

On the base of the tests realized on the authors’ workplace,
the failure mechanism of the component made of structural
glass of different composition arrangement is indicated
further. It is the wall component made of insulating triple-
layer glass in the arrangement according to Fig. 27 (a). The
tests have been realized for the company GLASS EXPERTS,
Ltd., Zlutice.

The test specimen is the wall component made of structural
float glass created by 3 parallel elements with the thickness of
3 x 6 mm, the width of 700 mm and the length of 2 470 mm,
which are connected by structural silicon on the longitudinal
sides. The glass part of the test specimen is on the perimeter
mounted in the steel frame, the basic part of which is
represented by the square hollow thin-walled cross-section
with the dimensions of 60 x 60 x 4 mm.
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The failure occurs suddenly, at the initiation of the fracture
of glass due to the deformation in the area of the anchorage of
glass panes into the rigid peripheral steel frame. The character
of the failure corresponds to the unfavourable arrangement of
used float glass, as illustrated in Fig. 27 (b).

VI. EXPERIMENTAL VERIFICATION OF STIFFNESS
PARAMETERS OF STRUCTURAL GLASS

Within the loading tests of the structural glass panes
intended for the roofing bus station platform (see above), the
verification of stiffness parameters of glass has also been
performed, to verify the actual values of Young’s modulus of
elasticity and, in the case of laminated double-layer glass, the
actual values of the flexural stiffness and from these arising
the actual values of the second moments of area influenced by
the non-stiff connection between glass layers given by the
intermediate foil.

According to the producer of glass plated structural
components mentioned above, the value of Young’s modulus
of elasticity of glass has been recommended as £ = 70 GPa,
but this is only generally considered value, which has not been
verified by the producer. Therefore before the loading tests,
the experimental verification of the Young’s modulus has
been performed at first. In this connection, as the second one,
it was to verify the flexural stiffness of the test specimens with
regards to their composition (laminated glass with the
intermediate foil) and the production technology of glass.
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Fig. 28 relationships “pp— wg” obtained directly from tests
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Fig. 29 relationships for stiffness derivation
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For this reason, the test specimens have been supported on
the shorter opposite sides of the plate, as the simply supported
structural members. The theoretical span of the member was 2
294 mm. The specimens have been subjected to the uniform
loading up to the load value about of 10 % of the predicted
load-carrying capacity. The specimens have been repeatedly
loaded and unloaded and the relationships of “load -
deflection” ( “pr — wg”) have been monitored. The “pz— wg”
relationships obtained from the tests for all test specimens are
illustrated in Fig. 28. Using the regression analysis, the linear
relationships have been derived (see Fig. 29). From them,
Young’s modulus of elasticity, the flexural stiffness, and the
effective second moment of area can be determined (Table 2).

Table 2 stiffness parameters (per width of 1 m)

Specimen T1, T2 T5, T6 T3, T4
E Iy [Nmm™] 8.654:10° | 18.029:10° | 29.568-10°
1=1/12 b [mm*] ¥ 144-10° 341-10° 66710
k(Ly=kI) 1.0 0.879 0.879
E [GPa] 60.1 60.1 50.5

" ¢ is total thickness of layered glass (12 mm, 2x8 mm, 2x10 mm)

Using the relationship between the load pz and
corresponding deflection wy in the mid-span, the effective
flexural stiffness £l can be derived, if £ is the modulus of
elasticity and I,z is the effective second moment of area. For
single-layer tempered glass (test specimens T1, T2), the
effective second moment of area is in the form of
Ly =1=1/12 (b-t3), thus k = I;/ I =1, and from where the
modulus of elasticity £ of tempered glass can be derived
directly. Using this value of the elasticity modulus for
tempered layered glass (tempered glass of the same
mechanical properties) with intermediate foil (test specimens
T5, T6), and using the stiffness El; the effective second
moment of area of double-layer glass can be derived as
L= k I, where the coefficient k expresses the reduction of the
second moment of area / considered for the solid cross-section
with the thickness of ¢, due to the influence of the pliability of
the foil connection. Assuming, that also for laminated non-
tempered glass (test specimens T3, T4) the influence of the
foil on the effective second moment of area may be expressed
by the same coefficient of the pliability k, then the (at least
tentative) value of the elasticity modulus of non-tempered
glass can be derived.

VII. CONCLUSIONS

Structural glass is already the important part of the wide
spectrum of the materials of load-carrying structures of civil
engineering buildings over the world and also in the Czech
Republic. Nevertheless, the typical examples mentioned above
cannot systematically illustrate all the possibilities of the
structural composition and structural detailing from the
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viewpoint of the usage of glass in civil engineering structures,
but they can indicate the modern trends of the architectonic
creation of the buildings requiring the large glazed areas of
civil engineering structures and also the possibilities of their
realization in the connection with the development of the
production technology of the large scale glass components and
with the new challenges for the industry of the glass
production, as well as for the structural engineers.

The paper was focused on the significant field of the design
and realization of buildings with the application of structural
glass including the verification of the dimensions of the glass
components in relation to the material, load intensity and
boundary conditions on the one hand, and the verification of
the theoretical assumptions and design methods through the
experiments and loading tests taking into account the
influence of the initial imperfections of the real load-carrying
system on the other hand.

The general philosophy and methodology of the static and
structural design of buildings using structural glass arises from
the similar general principles, as in the case of other materials
of load-carrying structures. However, glass has many
fundamentally different properties that can influence its
behaviour in the structure (thermal shock, failures of glass
caused by the material inhomogeneity due to the inclusions,
spontaneous explosion, material brittleness without elasto-
plastic or plastic behaviour and without the possibility to
decrease the influence of the concentrations of local stresses,
necessity of the utilization of geometrically non-linear 2nd
order theory of thin slabs, etc.). This paper thus also tried at
least briefly to warn to some problems mentioned above,
requiring more detailed consideration and cognition.

ACKNOWLEDGEMENT

The paper has been elaborated within the research project
No. LO1408 “AdMaS UP — Advanced Materials, Structures
and Technologies” supported by the Ministry of Education,
Youth and Sport of the Czech Republic, within the framework
of the National Sustainability Programme I.

REFERENCES

S. Popovié, Production and processing of flat glass (Vyroba a
zpracovani plochého skla — original in Czech language), Grada
Publishing a.s. Praha, 2009. ISBN 978-80-247-3154-4.

M. Haldmann, A. Luible, M. Overend, Structural Use of Glass, Zurich:
ETH Zurich, 2008, 215 pp. ISBN 3-85748-119-2.

A. Goris, Bautabelen fur ingenieure: mit Berechnungshinweisen und
Beispielen, Koln, Wolters Kluwer Deutchland GmbH, 2008, 555 pp.
ISBN 978-3-8041-5236-6.

M. Séazovsky, “How to avoid the most common failures of structural
glass — 1. Part” (“Jak pfedchazet nejcastéjSim porucham stavebniho skla
— 1. dil” — original in Czech language), Stavebnictvi, Vol.10, 2010, pp.
45-48. ISSN 1802-2030.

M. Séazovsky, “How to avoid the most common failures of structural
glass — II. Part” ” (“Jak pfedchazet nejcastéjSim porucham stavebniho
skla — II. dil” — original in Czech language), Stavebnictvi, Vol.01, 2011,
pp. 52-55. ISSN 1802-2030.

F. Stejskal, “Steel structure of store building of Sykora Home, Praha —
Vysocany” (“Ocelova konstrukce stavby obchodniho domu Sykora
Home v Praze Vysoc¢anech” — original in Czech Language), Stavebnictvi,
Vol. 03,2010, p. 9. ISSN 1802-2030.

(1]

ISBN: 978-1-61804-352-8

33

(7]

(8]

[10]

(1]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

J. Melcher and M. Karmazinova, “The experimental verification of
actual behaviour of the glass roofing structure under uniform loading, In
Proceedings of the 4" European Conference on Steel and Composite
Structures “EUROSTEEL 2005, Druck and Verlagshaus Mainz, Gmbh
Aachen, Maastricht, 2005, Vol. B, pp. 2.4-1 — 2.4-8. ISBN 3-86130-
812-6.

J. Melcher and M. Karmazinovd, “Strength and deformational
characteristics of structural sealant in load-carrying connections of
structural glass components” (“Pevnostni a pietvarné charakteristiky
strukturalniho tmelu v nosnych spojich dilcii z konstrukéniho skla” —
original in Czech language), In Proceedings of the International
Conference “70 years of Civil Engineering Faculty of Technical
University in Bratislava”, STU: Bratislava, 2008, 6 pp. ISBN 978-80-
227-2979-6.

J. Melcher and M. Karmazinova, “The design and experimental
verification of actual behaviour of the structural glass in roofing and
facade systems”, In Proceedings of the 3" International Conference on
Structural Engineering, Mechanics and Computation “SEMC 2010
held in Cape Town, Millpress: Rotterdam, 2007, pp. 657-658. ISBN
978-90-5966-054-0.

J. Melcher, “Behaviour of Thin-Walled Corrugated Sheets and
Restrained Beams”, In Proceedings of the IABSE Colloquium Stockholm
1986 Thin-Walled Metal Structures in Buildings, 1ABSE, ETH -
Honggerberg, Ziirich, 1986, pp. 199-206.

J. Melcher, “Full-Scale Testing of Steel and Timber Structures”, In
Proceedings of International Seminar "Structural Assessment” — The
role of large and full-scale testing (K. S. Virdi and others, Ed.), E&FN
SPON: London, 1997, pp. 301-308. ISBN 0 419 22490 4.

J. Melcher and M. Karmazinova, “Glass and metal — modern materials of
civil engineering buildings” (“Sklo a kov — soudobé materialy
obcanskych staveb” — original in Czech language), In Proceedings of
the National Conference Steel Structures, Hustopeée 2001, Czech
Society for Steel Structures.

J. Melcher and M. Karmazinova, “On problems of the design of load-
carrying systems made of structural glass” (“K problémim dimenzovani
nosnych systémi z konstruk¢niho skla” — original in Czech language), In
Proceedings of VIII. Conference Ecology and New Building Materials
and Products”, Tel¢, VUSTAH: Brno, 2004.

J. Melcher and M. Karmazinova, “Structural glass in systems of
buildings roofing” (“Konstrukéni sklo v systémech zastfeSeni budov” —
original in Czech language), In Proceedings of the 2™ International
Conference Buildings Roofing, BUT — Faculty of Civil Engineering:
Brno, 2004, pp. 13-18. ISBN 80-214-2588-1.

J. Melcher and M. Karmazinova, “On problem of the design of structural
glass”, In Proceedings of the International Conference VSU 2005, Sofia,
2005, Vol. II, pp. 233-238. ISBN 954-331-003-3.

J. Melcher and M. Karmazinova, “On problems of the design of load-
carrying structures made of structural glass” (“K problémim
dimenzovani nosnych konstrukci z konstrukéniho skla” — original in
Czech language), Konstrukce, Konstrukce Media, s.r.o.: Ostrava, 2005,
Vol. 4, No. 4, pp. 21-24. ISSN 1213-8762.

M. Karmazinova and J. Melcher, “Structural glass in metal load-carrying
systems of building constructions”, In Proceedings of the 2"
International Conference on Advances in Civil Engineering and
Building Materials CEBM 2012, CRC Press, Taylor & Francis Group /
Balkema: Hong Kong, 2012, pp. 591-596. ISBN 978-0-415-64342-9.

O. PeSek and J. Melcher, “Influence of shear forces on deformation of
structural glass beam”, In Proceedings of the 3" European Conference
of Civil Engineering (ECCIE’12) held in Paris, NAUN & WSEAS Press:
2012, pp. 240-245. ISSN 2227-4588, ISBN 978-1-61804-137-1.

O. Pesek, J. Melcher and M. Pilgr, “Numerical analysis of hybrid steel-
glass beam”, In Proceedings of the 3" European Conference of Civil
Engineering (ECCIE’12) held in Paris, NAUN & WSEAS Press: 2012,
pp. 234-239. ISSN 2227-4588, ISBN 978-1-61804-137-1.

J. Melcher and M. Karmazinova, “Problems of behaviour and analysis of
glass structural members with respect to their application in
construction”, In Proceedings of the Seventh International Structural
Engineering and Construction Conference “ISEC-7” held in Honolulu
“New Developments in Structural Engineering and Constructions”,
Research Publishing Services: Singapore, 2013, Vol. I, pp. 111-116, doi:
10.3850/978-981-07-5354-2_St-43-111. ISBN-13: 978-981-07-5355-9,
ISBN-10: 981-07-5355-1.



Energy, Environment and Material Science

|dentifying the transfer function specific to
environmental contamination
with flue gas toxics

Corina C.Brindsga Eliza Gofiti Nikos E. Mastorakis, Carmen A. Bulucea,
Niculae BoteanuAndreezC. Jeles, Mihnea GlodeanandCorneliaA.Buluce:

Abstract— Flue gas toxics in an electrical generating station, I. INTRODUCTION
such as carbon oxide (CO), carbom dioxide gZQulfur dioxide . . . .
(SOy), nitrogen oxides (NQ, and particulate matter (PM), can cause Industrial  poliution of the a_tn_"losphere IS _a dlre_ct
poisoning by environmental contamination. These persisteﬁpns'equenCe of anthropogenic activity. Atmospheric pollution

pollutants from the flue gas in a coal-fired power plant represei@S @ direct impact on the biosphere. Because pollutants in the
environmental xenobiotics and are presented in this studgtmosphere rapidly disperse the implementation of their
Construction of mathematical models that reflect the data of typeatment is difficult in practice. Still, one could highlight that
Index of Atmospheric Purity IPA / areas studied; IPA / presence air pollution is generally affecting the human health, and flora
the species (%) IPA / fertility species are important for a geographigid fauna, as well as humans' life environment [1]-[7].

area. ldentification of a mathematical model to process data of type:ithin the present industrial metabolism it is increasingly

ipa / f, (fertility species) is enabling the extraction of relevan ccepted globally that electric and thermal energy generation,

conclusions on a polluter / geographical area. Analysis of specifiC . . - .
variables of typepa (%) / f (%)can be based on a mathematicafjis a main consumer of fossil fuels in general and coal in

model. Identifying the mathematical model (transfer function) iparticular, is causing human health and enwronmental
indirect through analogy electronic structures complex quadriele Problems because of emissions [3]-[9]. The pollutants in the
+ OA. Mathematic residue analysis allows validation of the moddir from combustion processes of solid fuels are part of toxic
(transfer function). A mathematical model of transfer function typsubstances. Examples of substances that can cause poisoning
allows the numerical simulation of the expression of output quantityy environmental contamination areirbon oxide (CO), carbom
by using a specialized softhis study aims to emphasize the needioxide (CQ), sulfur dioxide (S@, nitrogen oxides (NQ@, and
for joint efforts of scholars in medicine, environmental angarticulate matter (PM)These substances appearing into the
electrical engineering for enhancing knowledge of thamosphere from combustion processes are affecting the
environmental and human health impacts of anthropogematural environment, encompassing flora, fauna and humans’
actions, mostly industrial practices. life.
Air pollution generated byartificial sources can be
Keywords— RC quadripole, mathematical model, environmentagproduced by human activity [1]-[3]. In this sense an important
contamination, toxics, transfer function. case isthe column of point sources of geseased into the
atmosphere through a free routing system usually chimneys.
An example of industrial pollutants is the thermal power plant
units which constitute continuing sources continuous
operation / constant emission / long time (* 1 year).
As a major source of sulfur oxides, coal-fired electrical
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are becoming problematic in medicine and environmentdl. CASE STUDY. MONITORING OFFLUE GAS COMPONENTS IN

systems, since they are relatively new substances and difficult TURCENITHERMOELECTRICPOWER PLANT
to categorize and to assess their effects on human health and
the environment [9]-[13]. A. Assessment of Flue Gas Components

The environmental pollutants belonging to flue gas toxics,
As previously stated, coal-fired electrical generatings sulfur dioxide S@ nitrogen oxides NQ particulate matter

stations emit particulate matter, S®O, as well as gases that PM, and carbon dioxide Ghave been analyzed in this case
undergo chemical reactions to form fine particles igtudy performed to Turceni power plant of Romania.
atmosphere [4]-[9],[14]. These reactive chemicals (particulate Thermoelectric power generation in a coal-fired plant
matter, sulfur dioxide and nitrogen oxides) represensists in the conversion of thermal energy into electrical
environmental xenobiotics, which spread over hundreds &hergy. The source consists in a coal-fossil fuel to heat a liquid
thousands of kilometers downwind of power plants. I§ produce a high pressure gas (usually water is heated to
addition to the environmental harm caused by greenhousg,quce steam) which then is expanded over a turbine that
gases and other emissions, the air emissions of coal-fifgths an electric generator The driving force for this process is
power gtatlons encompass  a certain amount of 1o fie phase change of the gas to a liquid following the turbine,
xenobiotics that result in significant numbers of human deat $d this is where the requirement for cooling water arises. A

and diseases [4]-[5],[9]-[14] vacuum is created in the condensation process which draws the

The harmful effects of environmental xenobiotics of92S Over the _turbir_1e_, since this low pressure i_s critical to the
humans and ecosystems are often unpredictable [9]-[13]ermodynamic efficiency of the process. Mainly, the water
Through exposure to these environmental xenobiotics, peopfdiuirement in coal-fired power plants is as cooling water for
are submitted to irritating the skin and mucous membranes [§pndensing the steam. The steam condensation typically
Some studies have shown that people can also experieABUrs in a shell-and-tube heat exchanger that is known as a
heart disease, respiratory illness and lung cancer, as wellcegdenser. The operating parameters of the cooling system are
such other health problems as adverse reproductive outcongéiical to the overall power generation yield.
infant death, chronic bronchitis, asthma, and other lung At power plants, the combustion gas, which is called flue
diseases [9]-[13]. The immune system as a whole can be f&s, is exhausted to the outside air through the chimney. Flue
target for xenobiotic induced toxicity, since environmentajas is usually composed of carbon dioxide, water vapor, as
xenobiotics have the capacity to suppress the body's defenesl as sulfur oxides, nitrogen oxides, particulate matter and
against reactive chemicals and pathogenic microorganismarbon monoxide [1]-[2], [4]-[9].

This suppression can cause increased susceptibility to cancet must be noted that because the combustion flue gases
or autoimmune diseases. Moreover, environmental xenobiotigside the chimney are much hotter than the environmental air,
may be associated with endocrine alterations in people agqy consequently less dense than the outside air, at the bottom
wildlife. As a consequence, the pollutant load fromy the vertical column of hot flue gas the pressure is lower than
environmental xenobiotics represented by the air emissiofs iha bottom of a corresponding column of outside air. That

(particulate matter, sulfur dioxide and nitrogen oxides) durinr%eans the driving force moving the combustion air into the

the qperaﬂon of _coal-ﬂred power plants concern reseamhersc'(g'mbustion zone, as well as flowing the flue gas up and out of
medical and environmental fields.

the chimney is represented by that higher pressure outside the

Over time, practical technical difficulties have beerfhimney [11-[2], [4],'[9]' ) , ,
observed in removing the impurities from the solid fuel prior 1here areé a serious of end-of-pipe technologies for treating

to combustion, because of the chemical composition af#d removing pollutants from the flue gases produced by
structure of coal [9]{15]. Advanced technologies ar®urning coal in the electrical generating stations. Still, aiming
continually being developed, with the aim of either (130 the sustainable framework of Cleaner Production, these
reducing power station emissions by implementingmerging technologies for the treatment and removal of
desulphurization technology, coal washing, and flue gd&sllutants from the combustion gases should be accompanied
scrubbers and electrostatic precipitators that treat exhaustrldwide by responsible monitoring of the environmental
gases, or (2) applying carbon capture and storage to emissipoButants.
from coal power stations. Even so, the environmental andFlue gases monitoring during the operation of a coal-fired
human health impacts caused by the toxic emission of copbwer plant is an essential step in assessing the environmental
fired power plants are often unpredictable and dangerous. and human health impact of pollutants.

This case study had been performed in Turceni electrical

Flue gas monitoring during the operation of a thermoelectrianerating station on the thermoelectric units of 330 MW.

coal-fired power plant is an essential step in assessing thepe coal-fired flue gas toxics has four main components:

environmental and human health impact of flue gas toxics ag@ifur dioxide S@ carbon dioxideCO,, particulate matter
will be presented in the next section. PM, nitrogen oxide$NOX.
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This paper presents the assessment of the pollutantable 1

emissions as a source of environmental xenobiotics, from { elNOO
. o
Turceni power plant based on the Strategy and Econon -
D | t Divisi SEDD thodol hich i Fuel Thermal power of boiler [MW
evelopmen ivision ( _ ) me lodology, which I 50-10C 100- 30C >300

described in the Romanian Electrical Department 4§ kg/kd | 9/GI | ka/kd [ o/GI| kg/kd | g/GJ
calculation method PE-1001 [15]. The methodology is bas( Lignite 2*10'1l 200 2,2*10i 220 2.6*101 260
on the models that depict the emission factors for ful€oa | 3810 | 380 | 4,2"0 | 420 | 4,510 | 450

bustion processes [4]-[5],[9],[15] and has been appli o) L2 | 20 e L A 28¢
com P 5SE 9h 1as PP Natural | 1,3*10T | 130 | 1,5°10F | 150 | 1,7*10T | 170
since 1994. For distinct pollutants, the emission factors g gas

determined experimentally [9].
By definition, the emission factor represents the pollutantFor the emission calculation at partial loads (>50%) the
amount evacuated in atmosphere per heat quantity ufdtlowing correction it is applied:
produced by fuel combustion in the boiler [1]-[2],[4]-[9],[15]. 100 _ ., L—50 ka/kJ 4
For distinct pollutants the emission factors are determined Qo, = qbox[a+(1 3) 50 ] tkalkl] “)

experimentally. They are depending on fuel characteristic@here: e:\(‘ [kg/kd] is the emission factor at load E,:iloo
constructive type of the combustion installation, as well on O O

fuel calorific power. Emission factors can be corrected if9/kJ] is the emission factor at load 100%; L [%)] is the boiler

accordance with the fuel compositon and the applidg2d: @nd ais the fuel type coefficient (a = 0.5 for coal fuel).

combustion technology. Fuel amount and according calorifl'g:l\(/:lalcurllat'og (;)f ?m'sﬁ'otn f?ptc()jr fpec_lﬂcdto p?rltllcula.te matter
power are determined by fuel lot. (ash and dust) pollutant is determined as follows:

— *
One could also notice that in case of several fuel typese,,, = ¢ * 100% ¥y 100 *ALO0  fkg/kJ] ©)

utilization, the total amount of a certain pollutant is determined Hic
by summing the emissions corresponding to each of them. where: €, ,[kg/kJ] is the emission factor for ash; A [%] is
The flow rate of the pollutant evacuated into the atmosphetige ash content in the coal; x [%] is the retention degree of ash
(the emission) is determined [4]-[5], [9], [15] as: in the focus; y [%] is the yield of the installation for dust
E, = BdH: O, [ka/ h] (1) retentionH,. [kJ/kg] is the inferior calorific power of fuel.

where: E, [kg/ h] is the flow rate of pollutant evacuated into

atmosphere:g kg/ h is the fuel flow rate; is the Table 2
. . P E{ o/l HC[,kJ/ kdl Lo Parameter MU Lignite | Coal Coal
inferior calorific power of fuel, andy_[ kg/ kJ] is the emission (import)
factor A — ash content in coal [%] 40 30 20
' - — retention d f % 15
The mass concentration of the pollutant evacuated by :Shrﬁﬁgc'gn St [%]
combustion is determined as: y — efficiency of dust %] 94— 99
C = E_ . 109/ mo m3 (2) retention installation depending on time interval
mPol Pol Q;az‘l g/ N] (electrostatic precipitator) after each shaking

where: E.,[kg/ h] is the mass flow rate of pollutant evacuate

into atmosphere, ana,_[ny,/ h] is the volume flow rate of  Emission factors for CQ according to European Union
combustion gases. regulation, are depicted in Table 3.

For the coal-fired flue gas toxics in this study there are
presented models of the pollutant compon&@s, NO,, PM _ Table 3

(ash and dust), CO eco2
The emission factor for sulfur dioxide is: Fuel kg/kJ 3/
Mso S Coal (lignite 98+10° 9800(
_ Mg 100 .+ [kg/kJ] (3) |oOil 72*10° 72000
S0 = 470 Natural ga 507107 5000¢

where: e, [kg/kJ] is the emission factor for SO ) o N ]
©: ) Calculation of emission factor specific to pollutant 08
Mo, [kg/kmol] is the molecular mass of $OM ¢ [kg/kmol]  yetermined as:

is the molecular mass of sulfui$[%)] represents the sulfur Mco, C

amount into the fuel;H,. [kJ/kg] is the inferior calorific 6, - M 100 [kg/kJ] (6)
power of the fuel, and r is the retention degree of sulfur in slag * Hic

and ash (r = 0.2 for lignite coal fuel). where: €, [kg/kJ] is the emission factor for GOM_,

For the model of nitrogen oxides the calculation ofXNO[
emission is based on the emission factors that are indicated

Table 1, applying then an oxygen correction for a 100% load'
of the boiler. power of the fuel.

Igg{kmol] is the molecular mass of carbon; C [%] is the
rbon content in the fuek . [kJ/kg] is the inferior calorific
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The SEDD methodology had been applied in Turceni
electrical generation station taking into consideration threli
distinct situations [9]:
(1) Operation of Turceni power plant at 33.33% capacity ¢
installed power (660 MW), that is corresponding to =z -
thermoelectric units (n=2) of 330 MW in operation for an hou
on basis of lignite-fired [10,15,16]; in this case, 1 chimney fa
flue gas is evacuating the pollutants from the twc
thermoelectric units mentioned as above; .
(2) Operation of Turceni power plant at 66.66% capacity ¢
installed power (1320 MW), that is corresponding to 4
thermoelectric units (n=4) of 330 MW in operation for an hou} ;
on basis of lignite-fired; |; in this case, 2 chimneys for flue gasig.1.1.Planetary ball mill  Fig.1.2 Calcinatimnance
are evacuating the pollutants from the 4 thermoelectric units
mentioned as above;
(3) Operation of Turceni power plant at full capacity of
installed power (1980 MW), that is corresponding to 6
thermoelectric units (n=6) of 330 MW in operation for an hou
on basis of lignite-fired; in this case, 3 chimneys for flue ga
are evacuating the pollutants from the 6 thermoelectric uni
mentioned as above.
Mathematical models of the methodology SEDD has be¢
used for depicting the emission factors specific to fue
combustion in the thermoelectric units of Turceni power plan
The following operation conditions have been assumed in th
case study [4],[9]:

a) fuel type is lignite coal with the inferior calorific power Fig.1.3 Drying oven Fig.1.4 Calorimetric bomb
H, =6280kJ/kg, sulfur content S=0,8%, carbon content
C=20%, ash content A=25.5%, total wet W=45% : The recorded data have been processed using a AMD

b) flow rate of consumed coal per a thermoelectric units gfultiprocessor computer system that allowed the StatSoft
330MW is determined on basis of the medium flow rate ot |ATISTICA - Version 7.0 software running, for date
coal pulverized by the 5 coal mills 5*92,6t/h, amctordingly acquisition and processing. This way the concentrations of flue
the lignite flow rate that is taken into consideration is BY2S€S leaving the chimney. One could noe that the lignite coal
=5*92,6 t/h =463 th = 463*Rkg/h:; fuel taken into the case study has: the inferior calorific
c) oil as fuel support has the inferior calorific power, = powerH , =6280kJ/kg; the sulfur content S=0.8%, the carbon

39770kJ/kg, sulfur content S=3%, carbon content C=76%; content C=20%, the ash content A=22.5%, and the total wet

d) the flow rate of consumed oil per a thermoelectric unit W=45%.

330 MW is B=10*10°kg/h; The resulting data regarding emission factor and pollutant

Taking into consideration the SEDD methodology thereoncentration for the flue gases pollutant components: sulfur

were determined the emission factor, the flow rate and thépxide SQ , carbon dioxide C§ particulate matter PM and

mass concentration for the flue-gas pollutants; STD, PM  nitrogen oxides Nghave been determined [4]-[5], [9].

and NQ, both by lignite combustion and by oil combustion The analysis is carried out on basis of three samples

[4]-[5], [9]. extraction, and according to the data depicted as above, for
each pollutant component of the flue gas caused by burning of
lignite coal fuel the following average values have been

B. Experimental Evaluation of Flue Gas Components on obtained: o o
Thermoelectric Units of Turceni PowerPlant a) for sulfur dioxide S@: the emission factor€ ¢, =

The testing validation of SEDD methodology for thep.06+106 kg/kJ; the pollutant concentratiof, s, = 3878
thermal units of Turceni Electrical generating station had been

carried out, in order to obtain a reliable comparison of thrgg/n?N ,Othe average effapsq < 1%; the maximum error
results [4],[9]. emax < 3%.

In line with this idea we have proposed an experimenthl) for carbon dioxide CO: the emission factore, ., =
validation of the mathematical model evaluation of flue 9ap1 g+1 g°
emission by recordings achieved on Calcination Evaluation
Stand together with Chemical Laboratory — Coal SectigR9/My ; the average errorems < 1%;  the maximum error
within Turceni electrical generating station (see Fig.1). &max < 3%.

kg/kJ; the pollutant concentratioﬁlrnCOZ = 36744
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c) for particulate matter PM: the emission fac@p,,, = flora _in a g_eographic area. SL_Jch a mathematical model

6 ) contains a high level of generality because of the nature /
0.35*10° kg/kJ; the pollutant concentratio, = 598 number of inputs.
mg/nty ; the average errogmns < 1.5%; the maximum error Construction of mathematical models that reflect the data
Emax < 4%. type: IPA / areas studied; IPA / presence of the species (%);
d) for nitrogen oxides N the emission facto€, o = IPA / fertility specjes are important for'a geographic area.

x We sought to identify a mathematical model reflecting the

2.47*10" kg/kJ; the pollutant concentratidd, q, = 487 data type: IPA / F, fertility species. We believe that these data
mg/nty ; the average errafs < 1.5%; the maximum error ~ reflect the factual position well an industrial polluter in the
Emax < 3%. local geographic area.

It must be noted that the errors between the calculated and N€ré are geographical areas where we have excessive
experimental results are within the range accepted Wllutlon, S|gn|.f|cantly apove th_e generally accepted techmcal
environmental regulations, supporting the reliability of SEDIyarameters. Jiu Valley is dominated by polluter SE fesiio
methodology. thermoelectric power plant, through thermal power units on

As discussion at this point one could note that flue gasgd@l of pit coal type. Although pit coal is the burning fuel we
monitoring during the operation of a coal-fired electricaPelieve that the data for the system inputs are covering also
generating station is an essential step in assessing g thermal power units based on lignite coal type. This
environmental and human health impact of pollutants causg@servation is swt_able since the quantity of I|gn|t_e burned in a
by industrial activities [4]-[5],[9]. Procedures should imposéhermal power unit of SE Turceni power plant is far greater
worldwide the estimation of yearly emissions of primaryhan the quantity of coal burned in a thermal power unit of SE
particulate matter, sulfur oxides and nitrogen oxides on tifgdr@eni power station (with same installed power). The
total megawatt-hours generated by each power plant. Since gplanation is given by the to superior calorific value of the pit
emissions from coal-fired power plants are dispersed overl@d compared to that of the lignite. So we can say that a
large area, further should impose the population living arou@érmal power unit of SE Turceni is more polluting than a
every power plant be included in specific databases andthgrmal unit of SE Pageni because of the quantity of CO,

mapping program, aiming that it could be medically useful. SO NO,, powders released into the atmosphere [1], [5]-[8].
As stated before, the direct effect of this type of air pollution

is reflected by Atmospheric Purity Index, IPA. For our study

. MATHEMATICAL METHOD OFTRANFERFUNCTION TO are relevant the input data into a system of type: fertility
IDENTIEY THE FLUE GAS TOXICS species F(%) / IPA. Pollution caused by CO,,SNO,,

. ) . ) powders, particular matter was investigated in the study of Al.
In this case study, given that Turceni thermoelectric pOWglneqcy, et al. [16] for many mono-industrial areas of Romania.

plant comprises six thermal units of 330 MW, it results a to@pecies of plants envisaged by itnirchantia polymorpha

installed power of 1980 MW which means a significant impagt e have a specific input correlation between the quantities F
of the punctual pollution that induces heavy effects on the 4 pa (F reflected by IPA).

biosphere [4]-[5]. In heavily polluted areas (including geographic area

A chimney of a thermal power unit generates a cloud oftected by SE Turceni power plant) we have a restriction of
burning powder that disperses on relatively large surfaces, diversity, as well as their decreased fertility. An indirect
There are studies addressing the effect of excessive gener koach to toxicology problems related to toxic substances,

pollution specific to Jiu Valley area, which is a cluster Ofype CO, SG NO, particulate matter, is that which is
relatively medium-sized urban settlements [1]-[2],[5]-[9]ingicated in determination of the relation betwégmandf.

Unfortunately such an industrial area is favoring negative |, o research is appropriate to use relative values of inputs
effect of pollution caused by CO, SONG,, powders as result i, the systemipa (%); f (%) on the basis of their extreme
of combustion of coal in thermoelectric power units belongingnits This furthers relevant findings in our research. In Fig.2

to the Pargeni power plant. a), b) are presented the evolution ofithe (% / f (%).
The direct effect of pollution is given by the frequency and

abundance of local plant species that are found in thes
geographical areas dominated by polluters with particularly
large installed capacity. A study of Al lonescu et al. [16] had
sought an unitary image of environmental pollution by
studying flora developed around such continuous power
sources. In this regard they used the Atmospheric Purity Index
IPA, formulated in studies of Slover [17] and Lebane [18]. Its
analytical formula takes into account the number of spegjes,

the abundance of each specigshe specific environmental

1 n
cortege,Q, (IPA=F)Z:QI [, ). This is a mathematical
i=1
model that allows drawing conclusions on the environment /

2.a
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Fig. 2. Evolution of thépa (%)/ fertility specied (%).
*Source Adapted from A. lonescu. [6].

Construction of the mathematical model for analyzing the
dependencepa (%) / f (%) it is indirectly carried out by
analogy with electrical structures passive of electric quadripole
type. We started from several published studies that built such
a mathematical model [19]-[21].

Fig. 3. Electronic Structure: RC + OA

We relied on indirect identification of the transfer function Observations: - the resistances Ry —are indefinite;
by making a complex electronic structure. This structure is- A1, A, As - precision OA with the input JFET ;
composed mainly of the quadripole resistor-capacR@ - the scheme does not apply to direct measurements.
repeater signal,, the amplifier / inverter sign@,, As.

Based on the electronic structure of complex (based on
quadripoleRC), represented in Fig. 3 (composed mainly ¢ One could note that we took into consideration fgaand
quadripoleRGC, repeater signad, , amplifier / signal inverter As are affected by signals on the inverting input. So, if we
A, Ag), we can build a mathematical model through thwould measure the voltage level affgrwe would find out a

operational calculation [22] . negative level, (to the ground). This is the reason we
introduced the inverteA; which allows obtaining a positive
We have the relationships: level at the output, (namell,)

1., The resistanceBs, Ry are undefined, meaning that they are

U1(t) =Ri +—j|dt (7) not important as dimensioning values in this electronic
c configuration. Rather we have introduced them in the electric

u (t):ljidt (®) circuit in order to emphasize that they could solve several
C C disadvantages, such as achievement of a floating potential of

_ the non-inverting inputs of the operational amplifiéesand
U (t) = K Kyue (t) + KKK, ©) A, (R andRy).

In applying at the input of the quadripoRC (t = 0) an
electrical signal of valudJ; , at the structure output it will

. 1
The transfer function at the step inptt, is:
S result an electrical signal that tends to the valgeafter an

H (S) =K.[K.3 1 (10) interval of time (a multiple of th®C quadripole constant =
21 152 S(l+ r E‘B) RO).
where: Considering the type of the followed process, we have
chosen a constant with a relatively highz18, We hold for
r=RC 11) the input signal, of step type, the valug31V.
K, = R/ (12) We complete Table 4:
R, - row (3) with values calculated (forecast), based on the

K,= % (13) model [L_l H21(S)]izr;

- row (2) with process values (observed), according to Fig.
K. = (14) 2.a,b;
3 (R4 + &) - row (4) containgesidues(these values representing value

of the prediction error calculated as the difference between the
observed values and the predicted values, see Fig. 4.
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plants are dispersed over a large area, legislation should

Table 4. Calculation of residues ipa (%) / f (%). impose further that the population living around every power
Sample No. 1 2 3 4 5 6 plant be included in specific databases and a mapping
11. | 38. |55 |62 |74. |s8a. program, aiming that it could be medically useful [4]-[5], [9].

Process value 05 |33 |83 |82 |11 |95 Developing a complex mathematical model of
Calculated 12. 140, 153 160 |76 correspondencéa (%) / f (%) allows numerical simulation
value 47 167 |79 |89 |28 |83 [16], [22] per PC on a specialized utility.

_ 1 |2 |2 1 ) 1 It is possible to develop mathematical models for analyzing
Residues value 42 134 loa o3 |17 | o5 the dependencipa (%) / f (%)based on a so-called indirect

process of building a mathematical model. We consider that

Sample No. ¢ 8 9 10 L the construction of the mathematical model in the form of the

Process value 94. 1 93. |95 |99. |99 transfer function may be obtained by analogy with the
75 |87 |23 |34 |65 electronic structure of the ty®C quadripole.
Calculated 92. | 95. | 96. | 97. | 99. It is important that the construction of such a model to have
value 61 |13 |79 |88 |3 a mathematical model validation stage. Residue analysis
Residues value | 2+ | X |1 |1 |0 allows to validate the mathematical modieh (%) / f (%)
14 126 [56 [46 |35 based on the mathematical model built on a complex electronic
structures: quadripolRC + OA
& Reziduu  —— Linear (Reziduu) The transfer function is a mathematical model in operation.
25 Based on the analysis of residues we can accept that such a
2 + ¢ mathematical modeHZl(S)= L P (S) applies to the
v environmental pollution by toxics of type CO, SONO,,
! particular matter.
0% [— . Compliance with Sustainable Development imposes on each
¢ - — existing coal-fired electrical generating station to be installed
03 1 il and activated both modern pollution control technology and
. Py depollution equipment as well. This way one could assume
s * * that the end-of-pipe treatments would reduce the
2 i . environmental and human health impacts and will slow the
25 process of degradation of life on Earth. We must believe that
2 investing in cleaner production to prevent pollution and reduce
Fig. 4. Residues diagram coal-resource consumption should be a responsible approach,

more effective than continuing to apply the end-of-pipe
solutions in the coal-fired electrical generating stations.
This findings of this work aims to emphasize the power of
science and the need for joint efforts of scholars in medicine,
Chronic poisoning occurs after repeated absorption of smalvironmental and electrical engineering for enhancing
doses of toxic substances. The toxic action is caused eitherkbpwledge of the environmental and human health impacts of
the accumulation of the substances in the body, in variogfthropogenic actions, mostly industrial practices.
organs or tissues, or by the summation of the effects of lesions
over time with the occurrence of pathological conditions [3].
One of the most common causes of chronic poisoning is REEERENCES
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Optimization of Bait Sprays Against Dacus Oleae
Using Embedded Systems, GIS and Web-Based
Applications

George N. Fouskitakis, Lefteris D. Doitsidis, Iraklis I. Rigakis, Kyriaki N. Varikou, Ioannis V. Sarantopoulos,
Androniki K. Papafilippaki, Kyriaki G. Maniadaki, Athanasia E. Mpirouraki, and Emmanuel N. Antonidakis

Abstract—Olive fruit production is of crucial importance
for Greece as it consists the third biggest olive oil producer
worldwide, as well as the biggest extra virgin oil producer. Bait
sprays applied form the ground are known to be the most
effective protection method of olive trees against Bactrocera
oleae. Nevertheless, its effectiveness highly depends upon its
proper application. The proposed study focuses on the design and
development of a prototype integrated system for the automation,
optimization, and the assurance of proper application of bait
sprays. It consists of: (a) a gun sprayer and its nozzle providing
precise pressure, flow rate and spraying duration adjustment,
thus allowing for spraying specific mixture quantity, (b) an
embedded system for fully recording the bait spray procedure in
terms of both space (geographic position and route of the tractor
equipped with the spraying mechanism) and quantity, and, (c) a
web-based application for representing the spraying procedure
on suitably modified digital maps using GIS techniques, enabling
remote monitoring and control of bait sprays by the surveillance
authority and its personnel, thus providing on-time decision
making. The results of the study, though at a preliminary stage,
were found to be promising.

Index Terms—Bait sprays, Bactrocera oleae, embedded sys-
tems, GIS, web-based applications.

I. INTRODUCTION

LIVE fruit production is of crucial importance for

Greece as it consists the third bigger olive oil producer
worldwide, as well as the biggest extra virgin oil producer,
thus offering more than 1.6 billions € of revenue per year to
the Greek economy.

Monitoring and control of Bactrocera oleae [Fig. 1 (on the
left)] is a major parameter for olive growers living. Bactrocera
oleae (Gmelin) or Dacus oleae (Gmelin) (Diptera: Tephritidae)
causes high damages to olive fruit production (5 - 15% of
the olive oil production) to all countries in the Mediterranean
basin. Currently, several protection methods against B. oleae
are applied including - but not limited to - the following:

Cover sprays from the ground applications: It is a curative
method and aims to kill the immature stages of B. oleae
that are inside the mesocarp of the olive fruit. The entire
tree canopy is sprayed with an organophosphorous or with a
pyrethroid insecticide until run off. The method’s disadvantage

G. Fouskitakis, L. Doitsidis, I. Rigakis, I. Sarantopoulos, A. Papafilippaki,
K. Maniadaki and M. Antonidakis are with the Department of Electronic
Engineering, Technological Educational Institute of Crete, Chania, 73133,
Greece e-mail: (fouskit@chania.teicrete.gr).

K. Varikou and A. Mpirouraki are with the Institute of olive tree, Subtrop-
ical plants & Viticulture (ELGO-DIMITRA), Chania, 73100, Greece.

ISBN: 978-1-61804-352-8

42

is that a serious number of beneficial species are also killed
except flies [1], which results to the break down of other
secondary olive pests such as Saissetia oleae, Aspidiotus nerii
etc. In addition, insecticide residues are usually found in the
produced olive oil.

Bait sprays from the ground applications: They were based
on the Berlesse method, and although they were proved to be
effective, the used insecticide was found to be toxic.

Bait sprays from air: It was applied in olive orchards for
many years. Nowadays, bait sprays from the air applications
are not used any more, due to serious side effects in the
beneficial entomofauna of the orchard [2].

Steril Insect Technique (SIT): The aim of SIT method is
the destruction of olive fruit fly agroecosystem balance by
continuously releasing sterilized males. This method has been
studied for many years in Greece and the results indicated
its effectiveness when orchards were isolated and olive fruit
fly population was low [2]. However, a series of problems
concerning the quality of the mass produced insects were also
noticed.

Mass trapping: It is widely used against olive fruit fly
especially in organic farming although it is not proved to be
an effective method [4], [5].

Biological control: The olive fly is attacked by a number
of beneficial insects (parasitoid and pretador species) in the
Mediterranean and also in sub-Saharan Africa, where the fly is
thought to have been originated [2]. However, the complex of
parasitoids seemed not to be quite effective against olive fruit
fly because their impact is constrained only during summer
period and not during autumn, where olive flies increase in
high population densities.

The use of ground applications with protein baits mixed
with insecticides against Bactrocera oleae is strongly recom-
mended. With this method only a small part of the tree canopy
is sprayed with the insecticide solution (spraying solution of
300cc/tree) and the half number of the trees of the orchard.
Generally three (3) bait sprays are applied during summer and
two (2) sprays during autumn depending on the olive fruit fly
population and infestation. Every year from September and
afterwards, only water soluble insecticides are used in order
to avoid residues in the produced olive-oil.

To monitor the olive fly population a standard glass or a
plastic McPhail trap is used [Fig. 1 (on the right)]. It contains
a 2% of ammonium or protein solution as well as borax in
order to attract the flies. It is placed within tree canopy, and
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Fig. 1. The olive fruit fly Bactrocera oleaec (Gmelin) (Diptera: Tephritidae)
or B. oleae insect.

the captured insects are counted every 5 or 7 days. When
the mean number of captured adults per trap and per week
is more than 8-10, bait sprays are applied with the registered
insecticide. The attractiveness of such a trap is about 20 m,
but it is significantly reduced in a distance of 40 m. The
attractiveness of the trap increases when humidity decreases or
when temperature increases. In Greece, olive fruit fly control
is funded by the Ministry of Rural Development and Food and
applied by local tractors or back sprayers with specific nozzles,
to almost all olive orchards that olive fruit production is more
than 25 and 20% of a full production for oil and table olives,
respectively. The spraying solution consists of the registered
product - such as a-cypermethrin, dimethoate, 1-cyhalothrin,
etc. - mixed with 2% hydrolyzed protein. A detailed evaluation
of the attractiveness of various bait spraying solutions, and the
obtained results can be found in [6].

However, the application of the method has many disad-
vantages. It is not certified and the sprays are totally based
on the experience of the sprayers. Specialized staff is required
for the supervision of the method. It has been also recorded
high loss of insecticide quantity by the people who apply
the method, the sprayers. Several disadvantages of the current
spraying method have been recorded, including but not limited
to: (a) Higher than the recommended (300cc/tree) spraying
solution quantity is applied per tree, (b) The entire tree is
sprayed instead of a small part its canopy, (c) The spraying
solution is not applied only to the olive trees but also to the
rest agroecosystem (soil) because of leaks from the nozzle of
the gun sprayer, either by improper use from the sprayers, or
by use of improper equipment, (d) Spraying solution is applied
to forbidden isolated agroecosystems such as rivers, lakes etc,
with heavy consequences to the environment, (e) Protection
measures of the human-sprayers are neglected, (f) The control
of bait sprays is based on sampling by scientific staff.

Bait sprays are found to be of crucial importance. Neverthe-
less, they aren’t systematically applied, they aren’t efficiently
monitored and they aren’t certified. Efforts to automate the
process may be found in the literature, as the spray process
of trees has been addressed in the past, without accounting
for ground (soil) difficulties and for afforestation (as it is
inhomogeneously applied in Greece) [7], [8]. In addition,
the existing studies do not present any impacts of the pro-
posed methods on the final product. The use of modern GIS
techniques for mapping olive fly population - captured in
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McPhail traps - has been also presented [9]. This method
necessitates the participation of staff within the olive grove,
while the input of the obtained data and its mapping upon the
GIS maps is manually done and is time-consuming. Recently
Potamitis et al., presented an electronic McPhail trap for
monitoring Bactrocera oleae population based on an array
of phototransistors receiving light from an infrared LED, the
wing-beat recording is based on the interruption of the emitted
light due to the partial occlusion from insects wings as they
fly in the trap and the insect detections are transmitted from
the field using a smartphone [10].

Based on the above, there is a profound need for the
optimization and certification of the bait spraying process as
well as the minimization of the human intervention, in order
to achieve:

1) Effective protection against B. oleae,

2) Improvement of olive oil productivity,

3) Environmental protection, and,

4) Improvement of health and safety working conditions.

To address the aforementioned issues, a novel prototype
integrated system has been developed able to monitor the
insect population, assist the expert entomologists into taking
on-time decisions concerning the bait sprays, and further apply
bait sprays with an optimal manner. The core components of
the system are:

1) A prototype McPhail trap equipped with an embedded
system able to automatically picture the insect popula-
tion and further transmit the related information,

A gun sprayer and its nozzle allowing for precise
pressure, flow rate and spraying duration adjustment,
thus enabling the application of very specific amount
of mixture at each sigle spray,

A device for fully recording the bait spray procedure in
terms of both space and quntity, and,

A web-based platform for mapping, remote monitoring
and control of bait sprays allowing for real-time decision
making.

The proposed approach provides a framework able to assure
the proper application of bait sprays by minimizing human
intervention, thus improving the heath and safety at work,
enhancing environmental protection, offering more effective
and efficient protection of the olive fruit production against B.
oleae, and hopefully, leading to a relevant improvement of the
produced olive oil in terms of both quantity and quality.

The proposed approach will form the basis for the study
of various other automation applications to agriculture, while
the resulted know-how and conclusions will be utilized for
educational purposes to higher-level education and to any
interested organization.

The rest of the paper is structured as follows: The basic
components of the proposed prototype integrated system are
described in Section II. The results from its effectiveness eval-
uation are discussed in Section III, and finally the conclusions
of the study are summarized in Section IV.

2)

3)

4)

II. THE PROPOSED PROTOTYPE INTEGRATED SYSTEM

In this study, a novel prototype integrated system has been
developed for the automation, optimization, and the assurance
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Controlled Bait Spraying

Fig. 2. The proposed prototype integrated system.

of proper application of bait sprays. Its main components are:
(a) A prototype “smart” McPhail trap, (b) a gun sprayer and its
nozzle enabling the implementation of accurate bait sprays, (c)
a device for fully recording the bait spray procedure in terms
of both space and quantity, and, (d) a web-based platform for
mapping, remote monitoring and control of both the insect
population within the smart McPhail traps, as well as of bait
sprays. Its operation is schematically depicted in Figure 2.

Initially, a network of “smart” McPhail traps was developed
providing wireless (using the GSM network) transmission of
the related information. By using a camera installed in every
smart trap, its interior was pictured and a series of photos
was regularly taken and transferred to a remote server. The
information was accessible thru a web-based system. Thus,
olive fruit fly population was remotely monitored allowing
the expert scientists to plan and schedule bait sprays on-
time. These, were performed by a modified tractor equipped
with a custom spraying system, being able to completely
control the spraying process and simultaneously record both
the trajectories route within the olive grove, as well as each
single spray (quantity).

A. The “Smart” McPhail Trap

The “smart” McPhalil trap, consists of a proper modification
of its plastic counterpart shown in Figure 1. A number
of components have been added such as an MSP430F5436
microcontroller (16-bit ultra-low-power microcontroller, 192
KB flash, 16 KB of RAM, 12-bit ADC, 4 USCI’s), a GSM
module (model: GM862 TELIT with GPRS support), a 2 MP
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Fig. 3. Block diagram of the “smart” McPhail trap’s embedded system.

digital camera supporting JPEG format, a LED light array for
internal lighting, three (3) power supply modules (3.3, 3.8 and
5.0 Volts), an SD card slot for additional local data storage and
a single 12 Volts battery (7000 mAh), and an embedded system
providing automatic monitoring of B. oleae population in the
field, was developed. Its block diagram is showh in Figure 3.
The final version of the trap - after a series of modifications
and improvements - installed in the olive grove and a photo
of its interior are shown in Figure 4.

B. The Spraying Device

The proposed spraying device is based on a ordinary spray-
ing mechanism. Indeed, a simple magnetic switch (regularly
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Fig. 4. The “smart” McPhail trap installed in the field and a picture of its
interior.

Fig. 5.

The developed spraying device.

used in alarm systems), is installed beneath the trigger of
a common spraying gun. An electromagnetic valve (suitable
for water-based applications, brass-type, model: CEME 8514,
1/2”, normally closed, 12 Volts DC, 30 bar maximum pressure)
is installed at the tractor’s pump output. After the electrovalve
and before the spraying gun, an extremely accurate (maxi-
mum flow rate of 18.3 It/sec, linearity deviation< =+0.5%,
measurement error < 0.05%, response time < 50 ms) AISI-
316 stainless steel flow meter sensor is installed (model: SIKA
VTR 1010, 1/2”) along with its VSAPPS NPN/PNP signal
transducer and its XVT2053 connection probe. Between the
electrovalve and the spraying gun, an AISI-306 stainless steel
pipe of approximately 1 meter length is introduced in order
to reduce turbulence effects. The proposed spraying device is
shown in Figure 5.

Once the spraying gun’s trigger is pressed, the electrovalve
opens and allows the mixture to flow within the pipe. The
flow meter sensor measures the flow and the mixture then
exits the gun. The electrovalve remains open for as long as the
electronics allow (see next Section where the recording device
is presented). The spraying duration is completely controllable
via a potentiometer which is installed on the recording device.
Due to the by-pass system already installed on the tractor’s
pump, the pressure is approximately constant throughout the
spraying process, the sprayed quantity is effectively adjusted
by only the duration potentiometer.
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C. The Recording Device

The aim of the recording device is twofold: (a) To fully
control the spraying duration time by opening/closing the
electrovalve, and (b) to fully record both the tractor’s path
and route within the olive grove and the sprayed mixture
quantity for each single spray. Its main components are: (a)
an MSP430F5436 microcontroller used also on the “smart”
trap, (b) a GPS module, type: U-Blox NEO5Q along with
its antenna, (c) a mosfet IRF540 driver for controlling the
electrovalve, (d) two (2) power supply modules (3.3, 3.8
Volts), and, (e) an SD card slot for additional local data
storage. A GSM module may be easily added for real-time data
transmission. This otpion is currently disabled as the GSM
network in the test olive grove is sometimes characterized by
poor signal power. A proper (fast focus) camera may be also
introduced for monitoring that a specific part of the tree canopy
is sprayed. This option is also disable to reduce data load. The
recording device is power supplied by the tractor’s electrical
power system. The block diagram of the developed embedded
system is shown in Figure 6, and its final version, though being
still a prototype is shown in Figure 7.

The tractor’s path and route (geographical position, and
time) is recorded once a second (fs = 1 Hz). Since the
gun’s trigger is pressed, the valve driver mosfet activates the
electrovalve and the PWM signal produced by the flow meter
sensor is recorded, providing an accurate measurement of the
sprayed mixture quantity.

D. The Web-Based Application

The aim of the developed web-based application is to
provide the ability of a complete representation of both the
information (images) available by the McPhail traps network,
as well as the information recorded and stored during the
spraying procedure. For this purpose, a suitable web-based ap-
plication is developed using web pages techniques, Geograph-
ical Information Systems (GIS) and Data Base techniques.



Energy, Environment and Material Science

Fig. 7.

The recording device.

Its usage may significantly facilitate the work of specialized
scientists such as agriculturists. Indeed, they can easily moni-
tor the insect population evolution within the “smart” traps,
thus being able to be proactive and - on-time - order the
bait sprays when needed. Additionally, they can monitor the
tractor’s route within the olive grove and control its potential
coverage during the spraying procedure.

The Server uses a Linux-based operating system (distri-
bution Debain 8) which was created in order to facilitate
web services, which are based on Apache 2 Web Server. The
available information is stored and managed via a MYSQL
data base. Data management, its interconnection with the data
base as well as dynamic web-page creation are based upon
PHP 5. Back-end development is based on the Laravel 5.1
PHP framework. The Server’s security is supported by an
IPTable filter, sshguard, openssl and other utilities. The user’s
front-end management utilizes HTMLS and Javascript, while
the front-end development is based on the Angularjs and
JQuery Javascript Frameworks. The site’s appearance utilizes
the bootstrap prototype. Data transfer between the server and
the web-site are based on the RestFul protocol. All maps are
based on google maps and google map api 3. All the above
are based on open source software except google maps. Its
operational block diagram is shown in Figure 8. The main
web-page may be accessed at: http://edakos.chania.teicrete.gr.
A login system for user authentication purposes is employed,
offering three levels of access (web site user, super user and
administrator).

E. System Evaluation

The proposed system is under evaluation since last July
(2015). For this purpose, a large scale experiment is employed
using a test olive grove comprising of eight (8) sectors of about
a thousand (1000) olive trees each, see Figure 9. The attrac-
tiveness of the “smart” trap is evaluated by simultaneously
placing three McPhail traps in each sector: a plastic, a glass,
and a “smart” one, with the first two kinds already known to be
certified. The images taken from the “smart” traps are found
to provide adequate information for accurate insect population
estimation, see Figure 4 (left subfigure). Nevertheless, the
attractiveness of the “smart” trap was found to be significantly
lower than its other two counterparts. To build a McPhail trap
of adequate attractiveness is a well-known hard task, thus, a

ISBN: 978-1-61804-352-8

46

DATA OF ROUTE VIA

TRACTOR
= GPRS CONNECTION

2

HTTP REQUEST
HTTP RESPONSE

am

WEB CONNECTION

USERS
HTML5
JAVASCRIPT
JQUERY
ANGULARJS
BOOTSTRAP

DATABASE

MYSQL DATABSE

WEB SERVER
LINUX DEBIAN 8
APACHE 2

y ©
-y PHP
/ \ﬁ LARAVEL 5.1

1

Fig. 8. Block diagram of the web-based application.

TEI AUTO DACUS TRAP
155 mpofioéc

ATaBifikeUmm Ehuy 1oy ey oTo Drive

* Mpoceriknenmédoy &+ Komomainan — #

¥ PEIRAMATIKA_TEMAXIA_WGS84
" KaBopiopévo oTU oS OBJECTID

L A0
Q20
Q30
Q:0)
Qsm
Qe
Qrm
Qs

20150817 ahbayn 6

V1 20150824 0hhayn 7 H
? KaBopiausvo oTuh amd EIAOZ MAMIAAL

@ AYTOMATH (8)
@ PYAAINH (3)

Fig. 9. The test olive grove.

few modifications could still be applied in the future to further
enhance the attractiveness of the proposed “smart” trap.

Bait sprays are performed wusing the developed
spraying device. The spraying procedure is continuously
recorded/controlled via the embedded system in terms of
both space (geographical position) and quantity. The recorded
information is subsequently depicted on the properly modified
digital map. Data representation is quite informative allowing
for adequate monitoring the tractor’s route and the coverage
of each sector. The details of each single spray is also
available on the computer screen, see Figure 10.

Olive-oil qualitative analysis is still to be implemented,
based on crop collected by the sectors sprayed by the pro-
posed system, in terms of acidity, superoxides, K232, K270,
according to the 2568/1991 E.C. regulation, and total phenols,
hopefully indicating an improvement of the produced olive
oil’s quality.
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Fig. 10. A view of the developed web-based platform for monitoring bait sprays.

III. CONCLUSION

In this study, embedded systems, GIS’s and a web-based
application were designed for the development of a prototype
integrated system for the automation, optimization and the
assurance of proper application of bait sprays against B. oleae.
Its application to a large scale olive grove, indicated - to an
acceptable extent - that it significantly reduced human inter-
vention, and proved capable to achieve: 1) effective protection
against B. oleae, 2) improvement of olive oil productivity,
3) enhanced environmental protection, and, 4) improvement
of the health and safety at work (compare with the required
achievements posed in the Introduction). The results of the
study, though at a preliminary stage, indicated that the pro-
posed system was fully operational, while its effectiveness
could significantly improve the proper application of bait
sprays.
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Monospecific dominance in a Alluvial Mixed
Ombrophyllous Forest in southern Brazil

J. Carvalho, F. Galvdo, R. Rios, S. J. E. Velazco

Abstract — The Alluvial Mixed Ombrophyllous Forest due to its
importance and fragility is protected by law, however, remains
uncharacterized and suppressed throughout its range due to human
activities. The work was conducted in the Araucaria city of Parana
state of Brazil. We used 18 fixed plots of 10 m x 10 m where the
following information was collected: breast height diameter (bhd),
total height, botanical identification of all trees > 5 c¢cm bhd. The
species were grouped considering the water restriction and the
requirement brightness. Chi-square test to detect correlations between
these two species groups was used. The forest showed 13 families, 21
genera and 27 tree species. Sebastiania commersoniana stands out as
monodominant to present more than 60% of the relative density. The
monodominance, in this environment, possibly, is subject to the soil
water saturation.

Keywords—hydromorphic, ecological groups, phytosociological
parameter.

I. INTRODUCTION

HE Alluvial Mixed Ombrophyllous Forest occurs on the banks

of rivers, running into a plan or wavy geomorphology of land

[35]. Occurs in the southern highlands of Brazil in areas subject
to periodic flooding pulse. Sebastiania commersonia, Allophyllus
edulis, Lithraea brasiliensis, Schinus terebinthifolius, Podocarpus
lambertii, Drimys brasiliensis, Capsicodendron dinisii,
Blepharocalyx salicifolius, Luehea divaricata, Vitex megapotamica
are the mainly species of this community [6] [12] [22]. These forests
have own structure and functionality and it is depending on
geological variations, geomorphological and pedological processes
[12] and fluctuations of the water table [19]. the distribution of
species is related to microtopography due to variation of the
requirements for tolerance to water saturation [20].

This fores is considered by a resolution [30], as wetland, so in the
case of a fragile ecosystem, highly complex ecological, important to
the process of environmental stability and maintenance of
biodiversity, which, being in relief plans or lowlands, meet frequently
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with high levels of water saturation, determining a situation that a
high carbon fixing ability which, in turn, results in high water
holding capacity and ions in soil, increasing the filtering capacity and
water-tuning the flow of rivers. The adaptations of the species allows
their classification according to the requirements of specific
conditions and resources. There is still no consensus in academic
regarding the most appropriate classification and also the framework
of some species. The most important factors that act in river
environments are the light and the water regime. Therefor, [38], they
group the species in pioneer and climax. Considering the water
regime, [39] distinguish the tree species into three groups: general,
preferred and exclusive.

The alluvial forests are characterized by having lower plant
diversity that the slope [21], presenting monodominance by a species
in various situations. [9] define this characteristic as one where a
single species is more than 60% of the number of canopy individuals
or basal area and that persists in the environment when recruits and
regenerates below his own shadow. [15] describes the factors that
control the diversity of species in tropical forests and analyzes the
causes of monodominance in forests subject to flooding in Central
America. In Brazil numerous studies report that analysis [28] [2] [1].

In the present study we evaluated the qualitative and quantitative
characteristics of a Alluvial Mixed Ombrophyllous Forest in
Araucaria municipality in Parand state of Brazil. In this forest,
possibly monodominance it appears a pioneer and preferred species
to flooding environments, being the main factor soil waterlogging.

Il. MATERIAL AND METHODOS

The study site is located in the areas of Mixed Ombrophyllous
Forest associated with the Iguagu River basin, south-central portion
of the First Parana Plateau, at an average height of 920 m asl. It is
located in the Metropolitan Region of Curitiba, in Araucaria city of
Parana state of Brazil (FIGURE 1), near the Presidente Getulio
Vargas Refinery - REPAR, next to the coordinates 25°34'02,5 "S and
49°20'53,5"W .
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Fig. 1 Study site localization

The site is in the region of humid subtropical climate mesothermal
the Cfb, with the occurrence of severe and frequent frosts without a
dry season. The annual rainfall is between 1,400 and 1,600 mm, the
average annual temperature between 16 and 18 ° C and the relative
humidity ranges 80-85% [16]. The average annual precipitation over
the basin of the Iguagu river is of 1500 mm year order, and the rain
distribution is quite irregular in time and space, therefore there is no
well-defined wet season. Annual changes alter the distribution
pattern of the same, as the presence of El Nino. The cold front entry
can quickly change the height of the water table [26].

The alluvial plains of the Metropolitan Region of Curitiba, in
general, have clay-silty-sandy sediments, occupy about 490 km?, or
20% of the basin area Curitiba city, mainly covering the lguagu River
floodplain and its major tributaries. Soils are characterized as mineral
hydromorphic the order of Gleyssolics Melanic and Haplic [3]. The
Gleyssolic Melanic soil presents very slow permeability rates and low
base saturation due to clayey textures and poorly developed
structures. The Gleyssolic Haplic soil has medium texture also
hindering drainage [11]

The drainage system of the study area is represented by the feeder
rivers of the Parana River basin, and the Iguagu river as collector
master and its tributaries, among them and as a highlight, the river
Barigui, present in the study area. The latter river is located along the
right or northern Iguagu and runs for a length of 64.9 kilometers
through several municipalities in the region, making a drainage area
272,5 km? [25].

This was a new phytosociological survey in 2012, based on 18
permanent plots of 10 x 10 m, allocated since 2001. All individual
trees with perimeter at breast height less than 15 cm were sampled.
The number of individuals per species and sociological position
(canopy, midle strata and understory) was observed.

We considered three ecological groups regarding the requirement
in light, framing the species as pioneers, light demanding climax and
shade tolerant climax [39]. Regarding tolerance to water saturation,
common to these environments, species were grouped in general,
preferred and exclusive [39].

Chi-square test was used in contingency tables of two factors to
determine possible associations between these groups of variables.

The botanical material was collected and is available in the
Herbarium of Forestry Course (EFC) of the Federal University of
Parand. The verification of scientific names, and abbreviations
authors were performed according Missouri Botanical Garden [27].

1. RESULT

The community had 13 families, 21 genera and 27 species, 436
individuals sampled.

It was found that most individuals belong pioneer (70%), followed
by of shade tolerant climax (19%) and light demanding climax
(11%). Considering the total number of species (27), the most is light
demanding climax (44%), followed by shade tolerant climax (30%)
and pioneer (26%) groups (see Table I).

Sebastiania comersoniana, Schinus terebinthifolius and Hovenia
dulcis were the species that highlighted the ecological group of
pioneer species. Edulis Allophyllus, Myrrhinium atropurpureum and
Eugenia uniflora were the main species in the group of shade toretant
climax and Blepharocalyx salicifolius, Myrceugenia glaucescens and
Guettarda uruguensis belong the group of light demanding climax.

According the sociological position, the largest number of
individuals (45%) lies middle strata, followed by the canopy (37%)
and understory (18%).

Considering the community, most of the species are generalists
(70%) and the others are preferred (30%). The opposite occurs
individuals is most preferred (83%), followed by general (17%). It
was observed that all species light demanding climax are general.
Regarding pioneer species, the most is general (57%) followed by the
preferred (43%). The reverse was found in the shade tolerant climax
species, the most is preferred (63%), followed by general (37%).
Exclusive species were not observed in the community.

According to the chi-square test, the data showed that there is a
significant relationship (p <0.05) between the ecological group
related to water tolerance associated with the light (Figure 2).
Correlating the sociological position with the two types of ecological
groups was detected a strong association for light-related groups (p
<0.05). In this community, most preferred pioneer behaves as a
hydromorphic environments, however, the light demanding climax is
the most general comprises (Figure 2). Individuals characterized as
pioneers and light demanding climax are well represented in middle
strata and the shade tolerant climax in the just below the canopy
strata and the understory. It can be considered that there is no
significant association between the variables of sociological position
and groups regarding tolerance to water, since the p-value was very
close to 0.05 (Figure 3).

Table 1 — Species, numbers of individuals, sociological position and ecological groups in a Alluvial Mixed Ombrophyllous Forest in

southern Brazil
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SP
EG Species Families NI RD IP
1 2 3
Blepharocalyx salicifolius (Kunth) O. Myrtaceae 3,2 52
Berg 13 10 3
Myrceugenia glaucescens (Cambess.) D. Myrtaceae 2,1 1,5
9 5 3 1
Legrand & Kausel
Guettarda uruguensis Cham. & Schitdl. Rubiaceae 6 1 5 12 [ 07
Lithraea brasiliensis Marchand Anacardiaceae 5 3 2 12 | 11
Campomanesia xanthocarpa Mart. ex O. Myrtaceae 4 3 1 0,9 1,1
Berg
Light Machaerium paraguariense Hassl. Leguminosae - 4 3 1 09 | 08
demanding Fabo_ldeae
climax and Machaerium brasiliense Vogel Leguminosae - 1 1 0.2 | 01
generalista Fabo_ldeae
Dalbergia frutescens (Vell.) Britton Leguml_nosae i 2 2 0.5 0.3
Faboideae
. I Leguminosae - 0,5 0,3
Machaerium stipitatum (DC.) Vogel Faboideae 1 1
. . Leguminosae - 0,2 0,2
Inga marginata Willd. Mimosoideae 1 1
Calyptranthes concinna DC. Myrtaceae 1 1 02 1 01
Myrcianthes gigantea (D. Legrand) D. Myrtaceae 1 1 0,2 0,2
Legrand
Total 48 26 20 2
Allophylus edulis (A. St.-Hil., A. Juss. & Sapindaceae 9,5 7,1
. . 43 1 19 23
Cambess.) Hieron. ex Niederl.
Shade tolerant | Myrrhinium atropurpureum Schott Myrtaceae 22 2 12 8 51 ] 34
climaxand | sepastiania brasiliensis Spreng. Euphorbiaceae 3 2 1 07 1 04
preferred
Scutia buxifolia Reissek Rhamnaceae 2 2 03 102
Myrciaria tenella (DC.) O. Berg Myrtaceae 2 1 1 05 | 06
Eugenia uniflora L. Myrtaceae 6 2 4 141 08
Shade tolerant :
climaxand | Casearia decandra Jacq. Flaucourtiaceae 3 1 2 05 | 03
list . -
generalists Eugenia uruguayensis Cambess. Myrtaceae 1 1 02 | 01
Total 82 3 37 42
gebaglgma commersoniana (Baill.) L.B. Euphorbiaceae 285 120 134 31 66,3 | 67,9
Pioneersand | °M. & DOWNS
preferred Syagrus romanzoffiana (Cham.) Arecaceae 5 1 1 02 | 01
Glassman
Vitex megapotamica (Spreng.) Moldenke Verbenaceae 2 2 05 [ 03
Schinus terebinthifolius Raddi Anacardiaceae 11 8 1 2 23 [ 35
Pioneers and | Hovenia dulcis Thunb. Rhamnaceae 3 1 1 1 07 | 12
generalists Luehea divaricata Mart. Malvaceae 2 2 05 | 17
Ligustrum lucidum W.T. Aiton Oleraceae 1 02 [ 05
Total 306 | 132 138 35 | 100 | 100
ISBN: 978-1-61804-352-8 50
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Fig. 2 Relationship between environmental group about the tolerance
to water and in relation to light. TW: ecological group for tolerance
to water (G - general, PE - preferred). L: ecological groups in relation
to light (LC - light demanding climax, SC — shade tolerant climax, P

- pioneer)
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Fig. 3 Relationship between the different ecological groups (a) and
the sociological position (b). SP: sociological position. TW:
ecological group for tolerance to water (G - general, PE - preferred).
L: ecological groups in relation to light (LC — light demanding
climax, SC - shade tolerant climax, P - pioneer)

I. DISCUSSION

Most observed individuals in this community are pioneers and
preferred, however, the smallest of the species are these two
ecological groups. Thus, few species dominate the community,
featuring a homogeneous environment. It is therefore a remnant of
Alluvial Mixed Ombrophyllous Forest [17], defined as climax
edaphic [34], constituting a hydrosere [24], characterized by a natural
disturbance processes, which in this case is the main factor that
works in the natural selection of species [19]. After a peak flood,
when the water table is near the soil surface, it is restrictive to the
development of tree species [23] [4] [8] [12]. The Gleysol which is
typical of where this situation is verified, is the predominant site of
the study, mostly suitable for hydrophilic species[11].

Considering the number of individuals in the community,
Sebastiania commersonia has 65% of the total and 50.8% of the
importance of percentage. It is a pioneer specie, selective swamp,
very frequent and abundant, almost exclusively of floodplains, where
usually becomes dominant, constituting 60-80% of continuous
canopy strata [6] [3] [37] [32]. In poorly drained tropical forests
there is a tendency to dominance by a few species or a single species
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[34]. The expansion of forests in temperate areas during the Lower
Holocene, caused by increased heat, has created unfavorable
conditions, highly shaded for many of the plants that had previously
been dispersed near the glacial stage. Climate change after this stage,
were harmful to these species and many of them have become
restricted high altitudes, especially at low latitudes. Certain plant
species are more tolerant of higher temperatures, but are unable to
survive under dark shadows. For these species there were other
opportunities, as is the case of environments that for some reason do
not harbor forests and provided safe havens, such as habitats
disturbed by periodic flooding [10].

The largest number of individuals present in the midle strata and
canopy was also Sebastiania comersoniana. Due to its requirement in
light and dominates the canopy. It can be considered that their
presence in midle strata is stock of individuals that future will be
recruited for the canopy before a disturbance, determining opening
clearing. Thus, the species which occur together with recruiting are
species that are already established and are typical of this strata [6].

The representativity of this specie makes the environment to be
monodominant because a single specie has greater number of
individuals to 60% of the total [9]. Thus, the monodominance is
common in alluvial forests of the Brazilian southern plateau.

In a studies conducted in a floodplain in cities of Parana state of
Brazil, like Jaguariaiva, found in one of the situations with higher
water saturation, the predominance of Sebastiania commersoniana.
The species showed 59.7% compared to the number of individuals
and occupied the dominant strata [29]. In two compartments of the
Iguagu River, in Araucaria, the density of this species ranged from
45% to 63.5% [31]. Similar relationship in the floodplain of the
Iguacu River in Sdo Mateus do Sul, where 60-80% of the canopy was
composed of this species [36]. In a remnant of alluvial forest in Sdo
José dos Pinhais was observed Sebastiania commersoniana with the
highest number of individuals occupying the canopy and the midle
strata [5]. In the same forest in Irai, the canopy was between 10 and
14 m, where stood out Sebastiania commersoniana, with six times
more individuals than the other species [40].

In alluvial forests of the lguacu River in a fragmente of Parana
state, the relative density of Sebastiania commersoniana ranged from
96% to 64.6% and the othera fragmente of this type of forest in the
state of Santa Cataria ranged from 79.6% to 44%. Possibly this
parameter is correlated with the evolutionary stage of the forest.
Gradually, the pioneers are replaced by climax species. Thus, the low
relative density of the species show the evolution of sucessecional
stage [11]. As these authors, this species is closely tied to the
luminous intensity zones, identified bad and regular states for bands
below the canopy (below 6 m high), featuring suppression process in
succession dynamics. They consider that the patterns of soil drainage
is essential importance in the dynamics of occupation of the tree.

This species gives the vegetation a very typical face, the green-
white color, high on the physiognomy and structural characterization
of alluvial forests of southern Brazil, mainly in the region of
occurrence of Mixed Ombrophyllous Forest in unstructured soils
[13].

The representativity of other species is much less than Sebastiania
commersoniana. Following this specie, the most representative in the
community is Schinus terebinthifolius. It is a pioneer and abundant
on the edge of the alluvial forest fragments [3] [32] Hovenia dulcis,
native to Japan and China also pioneer, therefore intolerant to shade
[7], considered as allien specie in Brazil [18]. Allophyllus edulis,
Myrrhinium atropurpureum and Eugenia uniflora were the main
species in the group of shade tolerant climax and Blepharocalyx
salicifolius, Myrceugenia glaucescens and Guettarda uruguensis the
group of light demanding climax species, are selective hygrophilous
and that develop in floodplains [32] [33], where the environment is
semi-hydromorphic or hydromorphic [11].
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CONCLUSION

Forest studied has

monodominance of Sebastiania comersonia, most remarkable species
in the two upper strata. Belongs to the group of the pioneers and the
preferred and may be concluded that these are environmental groups
that determine the physiognomy of the forest in question. Possibly in

this

forest, the dominance of a single species is a result of soil

waterlogging.

Studies in other alluvial areas are needed given the continuing
strongly changed that are suffering and its importance in relation to
quality of water resources. Long-term follow-up will give the
possibility to understand the dynamics of these environments, which
is a subsidy for the management and the management of these
ecosystems.
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New Technology of Renewable Energy
Generation

S. Tounsi

Abstract— In this paper we present a modelling approach of an
automated renewable energy system including the losses of the power
chain. The choice of the energy generation chain components is
conducted taking account of the possibility to achieve high current to
recover high power in the one hand and the simplicity of the chain
structure and of its components in order to reduce the cost of
production in the other hand. Indeed, a synchronous motor with
coiled rotor and reduced production cost is chosen for the electric
energy generation. To enable continuous energy recovery, excitation
current is increased at low speeds and reduced at high speeds to
prevent over-current problem. In addition, an automated braking
system, provided by pulse width modulation control of an electro-
magnet, limits the charging current of the batteries to protect the
energy generation chain.

The implementation of the global model in the simulation
environment Matlab-Simulink has led to very good results of
simulations encouraging the industrialization process of this chain.

Keywords— Coiled Rotor Generator, Rectifier, Modeling,
Battery, Braking Torque, Recovered Energy.

I. INTRODUCTION

his paper presents a parameterized model of the

generation chain of renewable energy. A coiled rotor
generator design program based on the analytical method is
developed [1-3]. This generator is modular, allowing to
generate high currents without destroying the quality of the
waveform of back electromotive force by adding additional
modules. In this way, the total flux received by the coil keeps a
shape close to a sinusoidal shape, and its amplitude depend
essentially that of the excitation current (reduction of the
magnetic armature reaction). This type of generator has the
following advantages:
- A variable excitation allowing a continuous recovery of
energy.
- Modularity permitting to generate strong currents especially
at high propeller speeds.
Little research illustrates and addresses the problem of energy
generation using this type of generator, making this study
innovative solution for the energy production. Energy
generation chain is subdivided into modules and each module
is modeled at Matlab-Simulink simulation environment. The

S. TOUNSI, is with the National School of Electronics and
Telecommunications of Sfax, Sfax university (B.P. 1163, 3018 Sfax-Tunisie,
Tél.: 74863047, 74862 500 Fax: 74863037; e-mail:
souhir.tounsi@enetcom.rnu.tn).
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coupling of different models leads to overall power generation
chain model.

This paper is mainly articulated around the following points:

- A presentation of the model approach of the different
modules of the energy generation chain.

- Implementation of the global model in the Matlab-Simulink
simulation environment.

- A description of the simulations results.

Il. CONVERSION CHAIN STRUCTURE

Conversion chain (figure 1) has a propeller to recover the
energy generated by wind. This mechanical energy is
converted into an alternating electrical energy via a gear speed
amplifier and a coiled rotor synchronous generator. The
electrical energy developed is also converted into DC power
through a three-phase rectifier. An automated braking system,
provided by pulse width modulation control of an electro-
magnet, limits the charging current of the batteries to protect
the energy generation chain.

Automatic
braking system

Synchronous
generator

ACDC
Inverter

gear speed
amplifier

Energy
storage

Propeller —

Fig.1 Power chain structure

DESIGN OF THE SYNCHRONOUS GENERATOR

Our choice fell on the analytical method since it has the
following key benefits [4-12]:

- It produces solutions quickly and without iterations.

- It leads to highly parameterized design models leading to
performance optimization problems.

- It provides acceptable precisions on the results for it is
based on simplifying assumptions well argued and proper to
address a design problem of an electrical device.

The generator design problem by the analytical method is
completely reversed to facilitate resolution. Generally, we
starts from the generator dimensions to the power requirement
and in this case a series of simulations is needed to converge to
a satisfactory solution. In our case, we start from the generate
power (maximum speed and maximum torque of the generator
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shaft) to the dimensions. The analytical method is set by the
finite element simulations.

The coiled rotor axial flux generator structure is illustrated
by the figure 2:

Main tooth

Rotor tooth Rotor coil

Inserted tooth

b. Stator

a. Coiled rotor
Fig. 2 The coiled rotor axial flux generator structure

IV. MONITORING STRATEGY

The energy generating system allows continuous and secure
recovery of energy. Indeed, at low speeds the generator
excitation current is increased to make the energy recoverable
and for high speeds this current is reduced to limit the current
and protect the chain against over-current. To a very high
speed adjustable brake torque is applied on the propeller shaft
to ensure the reduction of the speed of the generator shaft to
limit the charging current of the batteries. This torque is
generated by means of an electromagnet controlled by voltage
pulses modulated in pulse width to adjust the braking torque to
a value setting the speed of the generator relative to the
maximum permissible current. The control signal of the
electromagnet is find by comparing the reference battery load
current fixed to 2600 A to the load current. The comparator
output drives a proportional-integral regulator type. The output
of the proportional-integral is compared with a triangular wave
signal with high frequency. The comparator output drives a
hysteresis reproducing the control signal of the electromagnet.

V. MODEL OF THE BATTERY

The energy accumulator comprises batteries in parallel with
supper-capacity to increase storage capacity. The Simulink
model of the battery is shown in Figure 3 [1, 2].

rF

Super-capacity

Batteryload wolatge

Fig. 3 Simulink model of the batteries

ISBN: 978-1-61804-352-8

55

C, is a capacity to take into account the transitional
arrangements.
R; is the internal resistance

VI. EQUATIONS OF MOTION

The equation that governs the motion of the rotating parts of
the energy generation chain is derived from the fundamental
dynamics relationship:

aQ
IX—=Tp =14 % (Tem —sgn(Ten, )X Trec —

dt (1)
Sgn(Tem) X Tfer)

Where J is the moment of inertia of the rotating parts, rq is
the speed amplification ratio, T,, is the torque imposed on the
motor shaft caused by the movement of wind, T, is the
electromagnetic torque, Ty is the torque due the mechanical
losses and Tg, is the torque due to iron losses [4-12].

_ 1918xRp x Vi
m = 0 )
13 .
Tem zag:lei X1 (3)

Where e; and i; are respectively the induced electromotive
force and the current of the phase i.

Where 1.918 is a coefficient that depends on the kinetic
energy of the wind and pale properties, Rj, is the pale ray and
Vyent IS the wind speed.

The implementation of this equation in the environment
MATLAB / Simulink is illustrated in Figure 4:

Fig. 4 Simulink model of the motion equation

VIl. MODEL ELECTROMOTIVE FORCES

The three induced electromotive forces are estimated from

the following three equations [4-12]:

elzéxKerxCOS(prxt+gj 4
e, :%xKerxcos(prxt—zxn+g] (5)
e, :%xKerXCOSprth—4xn+gj (6)
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Where K, is the electromotive constant and Q is the angular

velocity of the generator.
The Simulink model
illustrated by the figure 5:
&

wm

of the electromotive forces is

Ke*2/3

Constant 12

> cos(4*u+pi/2)

Fen

cos(4*u-2*pi/3+pi/2) N

Product 3

Fcn3

»|

X

o R—D
cos(4*u-4*pi/3+pi/2) J_‘“
E3

Product5

Fcné

Fig. 5 Simulink Model of the electromotive forces

VIII. MODEL OF GENERATOR-RECTIFIER UNIT

The generator phase voltages are given by the following
relationships [4-12]:

v, :in1+(L—M)x%+el @)
. di,

v, :R><|2+(L—M)><E+e2 (8)
. diy

Vj :R><|3+(L—M)xa+e3 9)

Where R, L and M are respectively the phase resistance,
phase inductance and phase mutual inductance.

The three phase voltages are converted into a DC voltage
through a PD3 rectifier. The rectified voltage is filtered by a
capacitor. The output voltage of the rectifier attacks directly
the batteries for recharging:

The Simulink model of the generator-rectifier assembly is
shown in Figure 6 [1, 2].
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=Ry

jode 7\ Diode /(| Dioded

[
e ]

Fig. 6 Simulink model of the generator-rectifier

IX. EXCITATION SYSTEM

The optimization system of the excitation current (figure 7)
makes it possible to increase the excitation current for low
speed for continuous recovery of energy on the one hand and
on the other hand reduces the excitation current for high
speeds to avoid the burning problem of energy generation
system.

Fig. 7 Simulink model of the optimization system of the excitation
current

X. BRAKING TORQUE REGULATOR

The batteries current regulator (Figure 8) limits the charging
current of the battery to a value equal to 2600 A, to protect the
energy generation chain against the burn. This value is held
into account by the design approach of the power chain.

2600

Ibatt reference Co
Ibatt mesured

P

Switchl

Constant2

Fig. 8 Recharge current regulator

Tc
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XI.

The global model of the energy generation system is based
on the connection of the different Simulink models of the
chain components make up this chain according to Figure 9 [1-
3]

GLOBAL MODEL OF THE POWER CHAIN

To Workspack2

Wind speed

Back Electromotive
Forces Model

4’

Fen

Exciation system

Fig. 9 Simulink model of the global energy generation chain

XII. DESCRIPTION OF SIMULATION RESULTS

Simulation parameters calculated from a generator sizing
program are illustrated in Table 1 [12-20].

Tab. 1 Simulation parameters

Nomenclatures Value Unit
Phase resistance (R) 0.882 mQ
Phase inductance (L) 2.247098 mH
Mutual inductance (M) 0.841539 mH
Moment of inertia of the rotating 25081.455 Kg.m”2
parts (J)
Supper capacity (C) 15 Farads
internal resistance of the battery 0.02 Q
(Ri)
Resistance modeling the 0.001 Q
transitional arrangements for
charging and discharging of batteries
indentified by experimental test (R1)
Capacity modeling the transitional 1 Farad
arrangements for charging and
discharging of batteries indentified
by experimental test (C1)
Gear ratio (rg) 8 /
Batteries nominal voltage (Udc) 220 Volts
Inductor inductance (Le) 41.880 mH
Inductor resistance (Re) 0.295 Q

ISBN: 978-1-61804-352-8

57

Figure 10 shows the wind speed profile:
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Fig. 10 Wind speed profile
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The pace of this speed is chosen randomly and strongly with
operating constraints such as speed limit, to test the
performance of the control algorithm of the energy generation
chain.

The angular speed of the generator is illustrated by the
figure 11:

35

30

251

20T,

15p

10

Generator angular speed (rad/s)

0 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180
Time (s)

200

Fig. 11 Generator angular speed

Figure 11 shows that after training in movement of the
generator shaft, the wind stopping does not immediately causes
the stop of the generator shaft as a result of the inertia of the
rotating parts.

Figure 12 shows the electromotive forces induced by the
generator:
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Fig.12 Induced electromotive forces

The amplitude of the electromotive forces is relatively high,
which is explained by the insert made of a gear amplifier with
amplifying ratio ry = 8. This is to compensate the drop of
phase voltages of the generator at battery charging phase.

Figure 13 illustrates the phase voltages of the generator:

Fig. 13 Phase voltages of the generator

The amplitude of the phase voltages is reduced relative to
the amplitude of the electromotive forces since the voltage
drop across the phase resistance is important.

Figure 14 illustrates the phase currents begun by the
generator:

2000|

VAN

Fig. 14 Phase currents of the generator

The amplitude of the generator phase currents depends
primarily on the internal resistance of the battery and of the

rectified voltage.
The evolution of the braking torque is illustrated by the

figure 15:
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Fig. 15 Evolution of the braking torque

The figure 15 shows that the braking torque is high for high
speed values, which is explained by the fact that the battery
charging current exceeded the limit set at 2600 A.

The battery charging voltage is shown in Figure 16:
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Fig. 16 Battery charging voltage
This voltage is maintained continuously since it is applied
directly to a super-capacity. The amplitude of this voltage
allows a continuous charging of the batteries as the nominal
battery voltage is 220V significantly below to this voltage.

The current charging the batteries is shown in Figure 17:
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Fig.17 Battery charging current
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The figure 17 shows that battery charging takes place at
constant current maintained equal to 2600 A, which shows the
effectiveness of the protection system of energy generation
chain.

The iron and the mechanical losses of the generator are
illustrated by the figure 18:

350

—Iron losses
Mechanical losses

300

250

2007

150

100

Iron and mechanical losses (Watt)

501

0 L L L L L L L L L
0 20 40 60 80 100 120 140 160 180
Time (s)

200

Fig.18 Evolution of the iron and the mechanical losses of the
generator

Figure 18 shows that the mechanical and iron losses are
proportional to the speed of the generator shaft.
The copper losses are illustrated by the figure 19:
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Fig.19 Evolution of copper losses of the generator

The copper losses are relatively high compared to iron and
mechanical losses view that the current delivered by the
generator is important.

The power generated by the wind and the power recovered
by the batteries are illustrated by the figure 20:
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Fig.20 Wind an recovered power

The figure 20 show that the power transferred to the
batteries is lower than that developed by the wind, which is
explained by the different losses of energy generation chain.

The energy recovered by the batteries is shown in Figure 21:
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Fig. 21 The energy recovered by the batteries

This recovered energy is approximately equal to 23 kw.h,
important value which validates the performance of the
designed generation chain.

XIII.

In this paper we have described a modeling approach of an
automated renewable energy generation systems with coiled
rotor synchronous generator, implanted under the Matlab
Simulink  simulation environment. This approach is
parameterized consistent in consequence with optimization
algorithms, for example, of the recovered energy. Simulation
results are with good scientific level and validate the
synchronous generator design approach dedicated to the
generation of renewable energy. As future work, it is
interesting to validate this modeling approach experimentally.

CONCLUSION
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Effects of Gamma Radiation on Some
Hematological Parameters in Female Rats

Ali Abid Abojassim

Abstract— The effect of low exposure doses of
gamma ray at doses of 0.055 Gy, 0.11 Gy and 0.165 Gy on the
some hematological parameters of albino female rats were
investigated. At the end of exposure periods and Blood
samples were collected for analyses. The results obtained
when increases of gamma ray doses of rats caused significant
(p < 0.05) decrease in the RBCs, Hb and Ht%. Also it was
found elevation in MCV and MCH with increased exposure
dose as well as significant decreases (p< 0.05) Platelets in
decreasing with increasing of doses rate and while MCHC%
did not change significantly. But it was found when increases
of gamma ray doses of rats caused significant (p < 0.05)
decrease in WBCs count, lymphocytes count, monocytic,
neutrophils, esinophiles and basophiles respective controls.
These findings on the some hematological parameters suggest
that the changes in blood parameters of the treated rats were
due to the exposure of low doses of gamma ray.

Keywords— Cesium-137,
irradiation and female rats.
INTRODUCTION
ONIZONG radiation affects people by depositing energy
in body tissue, which can cause changes in the chemical
balance of cell [1]. The energy associated with ionizing
radiation is significantly greater than the bond energies of
many molecules and can cause homolytic bond scission and
the generation of secondary electrons. The time scale of the
initial steps of energy deposition and molecular bond scission
is on the order of 10-13 s [2]. The effect degree of the ionizing
radiations depends on the type of radiation, energy of
radiation, intensity of radiation and exposure time. The
Radiation is thus seen to produce a biological effect by two
mechanisms, directly by dissociating molecules following their
excitation and ionization; and indirectly by the production of
free radicals and hydrogen peroxide in the water of the body
fluids [3]. The Gamma ray has no charge, and it has very high
ionizing energy. Because of their high energy, gamma photons
travel at the speed of light and can cover hundreds to
thousands of meters in air before spending their energy. They
can pass through many kinds of materials, including human
tissue [4]. Physiological criteria such as the ability to degrade

Hematological parameters, gamma
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different substrates, casine, and xanthine were used for genus
determination.  Streptomyces are obligate  aerobes,
chemoorganotrops that need only an organic carbon source
(such as glucose, starch, and glycerol), an inorganic nitrogen
source, and a few mineral salts for grow. However, faster
growth can be obtained in complex media containing, for
instance, yeast extract, or other organic nitrogen sources.
Trace elements contained in tap water are generally sufficient,
but addition of iron manganese, zinc and ions can be beneficial
[5]. The destructive effects and mutations from radiation were
originally thought to be due primarily to direct content of high-
energy rays and particles with vital centers of microbial cells.
Highly free radicals resulting from water hydrolysis are most
important factors contributing to lethal and sublethal changes
in microbial cells [6]. There are some scientists modernly
study effects of irradiation on different parts of rats.
Allehyanim et al.[7] studied the effects of gamma rays in the
dose rate range 0- 5.6Gy on RBCs membrane solubilization, of
rats erythrocytes using sodium dodecyl sulfate (SDS). Omar
Mohamed et al. [8] studied the effects of gamma rays in the
dose rate 8Gy on Whole Body of rats Induced Early
Alterations in Biliary Secretion. Asrar M. Hawas[9] studied
the effect of low dose (0.055 Gy) gamma-rays on certain
essential metals namely Fe, Cu, Zn and Ca levels in various
tissues (liver, kidney, testis, spleen, intestine, heart and brain)
in rats. Also, lipid peroxidation as malondialdehyde (MDA)
and metallothionein (MT) levels were measured in liver,
kidney and testis. The aim of this study was estimated the
effects of gamma rays in the low dose rate range 0-.012 Gy on
Physiological Criteria in Female Rats

Procedure for Paper Submission

Materials and Methods
A. Experimental Animals and Irradiation

12 rats were divided into 4 groups with 3 rats (R1) First
group as control group did not receive any radiation, (R2) was
irradiated with 0.055Gy, (R3) was irradiated with 0.11Gy and
(R4) was irradiated with 0.165Gy. Animals were housed under
standardized conditions for light and temperature. A
commercially prepared diet and clean drinking water were
provided ad libitum. Irradiation was performed through the
use of Cesium-137 source with 5 puCi from the International
Atomic Energy Agency in a close system. The Cesium-137
radiation was taken in place was used so that three animals
could be simultaneously irradiated.
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B. Blood sample collection method

At the end of exposure periods, each group of animals was
anaesthetizes with ether, and then blood samples were
collected by heart puncture on heparin containing tubes. One
part of blood was taken for whole blood viscosity
measurement.

C. Determination of Hematological Parameters

The red blood cells (RBC) and white blood cells (WBC)
counts were determined by the improved Neubauer
haemocytometer method. The haemoglobin  (Hb)
concentration was determined according to [10], using the
cyanomethaemoglobin method. The packed cell volume (PCV)
was determined by the micro-haematocrit method according to
[11]. Schilling method of differential lecukocyte count was
used to determine the distribution of the various white blood
cells [12]. Mean corpuscular volume (MCV), mean
corpuscular haemoglobin (MCH) and mean corpuscular
haemoglobin  concentration (MCHC) were computed
according to [12].

D. Statistical evaluation

Statistical analysis for evaluation of the results was done by
calculating arithmetic mean and standard deviation for red
blood cells and hemoglobin measurements. All these
measurements had been done for all groups. Results were
expressed as mean * standard deviation for each group. The
results were evaluated by Student’s unpaired t-tests.

Results and discussions

Figures (1-7) show the effect of gamma irradiation on the
Hematological parameters in female rats. There are significant
decreases (P< 0.05) in RBCs, Hb and Ht% in groups exposed
to 0.055 Gy, 0.11 Gy and 0.165 Gy gamma irradiation when
compared to the control (4.9, 13.7and -40) for low
respectively. MCV and MCH increased significantly (P< 0.05)
with irradiation doses compared to the control group, while
MCHC% did not change significantly in most treated groups.
Platelets count decreased significantly (P< 0.05) in the group
exposed to irradiation dose (0.165Gy).

The formation of superoxide partially accounts for the well-
known oxygen enhancement of radiation induced biochemical
changes and cell damage. After whole body gamma irradiation
at a low dose level a significant decline in RBCs, Hb, Ht% and
WBCs count was observed in rats [13].

Data presented in Figure (8) Showed that WBCs
count was significantly decreased (P< 0.05) in rats treated
with low (0.165Gy) of gamma irradiation. The higher dose
(0.165Gy) caused a significantly higher reduction in the
lymphocytes count, monocytic count and neutrophils exhibited
the same significant (P< 0.05) level observed with the WBCs
count (see Figures (9-11)). In regard to the esinophiles and
basophiles, they all decreased significantly at both irradiation
exposure levels with a significant dose effect (Figures (12
and13)).

Gamma irradiation results in a decrease of the total count of
WBCs, Lymphocytes, monocytes, neutrophils, basophils and
esinophils [14]. The results are consistent with the previous
findings that irradiation induced leucopenia [15] and reduces
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lymphocytes, neutrophils and monocytes count [14, 16]. The
decreases could be attributed to high radio sensitivity of
haematopoietic tissue [17] and a reduction in the viability of
spleen hematopoietic stem cells [18].
Conclusions
In conclusion, this study has shown that the low doses of

gamma ray could have dangerous on the some Hematological
Parameters for blood of female rats. Exposures to ionizing
radiation in the permissible range(ICRP-60) still have
hazardous effects on RBCs and WBCs, therefore It is
necessary to review the dose limits recommended by the
ICRP-60 for radiation workers based on the present findings.
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Figure (1): Effect of low doses of gamma ray on RBCS counts
in female rats (a, d and c: means significant difference at
P<0.05)
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Figure (2): Effect of low doses of gamma ray on Hb(g/dl)
counts in female rats . (a, b and c: means significant difference
at P<0.05)
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Figure (7): Effect of low doses of gamma ray on Platelets
counts in female rats . (a, b and c: means significant difference

Figure (5): Effect of low doses of gamma ray on MCH(Pgl)
counts in female rats . (a, b and c:means significant difference

at P<0.05)
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Figure (8): Effect of low doses of gamma ray on WBCs counts

(a, b and c:means significant difference at
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Risk of Acid Attack on Plants: A Review

S. Behera, B. Mallick, T. N. Tiwari, and P. C. Mishra

Abstract— Acid rain in reality has been well documented
for many places, viz. the eastern USA, Canada, Bermuda, etc.
Plants are drastically affected by acid rain (AR)-caused acid
deposition. One of the main effects of acid rainfall on plants is
the leaching of nutrients and cations from leaves. The
literature review of acid rain-induced effects on various plants
is described in the present paper, which gives the detailed
description of different AR-induced effects observed in herbs,
crop and vegetable plants, trees and forest, etc.

Keywords—Acid rain, Herbs, Plant materials, Trees.

I. INTRODUCTION

CID rain (AR) [1] was discovered in the year 1852 by

Robert Angus Smith (Father of acid rain), a pharmacist
from Manchester (England), who measured high levels of
acidity in rain falling over industrial regions of England and
contrasted them to the much lower levels he observed in less
polluted areas near the coast [2]. Little attention was paid to
his work until the 1950s, when biologists noticed an alarming
decline of fish populations in the lakes of southern Norway
and traced the problem to AR. Later, these findings spurred
intense research to understand the origin of the AR
phenomenon.

AR is caused by emissions of SO, and NO, which react with
the water molecules in the atmosphere to produce acids. These
pollutants (SO,, NO,), once released into the atmosphere, can
be converted chemically (under the influence of sunlight and
moisture) into secondary pollutants such as sulphuric acid
(H,SO,) and nitric acid (HNOjz). Both H,SO,4 and HNO; can
dissolve easily in clouds and water. Ambient concentrations of
the primary pollutants, SO, and NO, and the secondary
pollutants, ozone (O3) and acidic wet deposition have been
reported. The effects of the above gaseous pollutants (O3, SO,,
NO,) and AR have been assessed and compared for a wide
variety of crop cultivars and species. Such a comparison is
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useful for evaluating the need and the strategy for controlling
pollutant emissions.

The normal rainwater is acidic in nature; the reason is that
water reacts to a slight extent with the atmospheric carbon
dioxide (CO,) to produce carbonic acid. Carbonic acid forms
naturally in the atmosphere due to the reaction of water (H,O)
and carbon dioxide (CO,):

CO, + H,0O — H,CO; (carbonic acid).

Small amount of nitric acid is also responsible for the acidity
of normal rainwater, which is produced by the oxidation of
nitrogen in presence of water during lightning storms.

2 N, + 50, + 2H,0 — 4 HNO; (nitric acid).

Rain water that presents a concentration of H" ion greater
than 2.5 ueq™ and pH value less than 5.6 is considered to be
acidic [3]. The degree of acidity is measured by pH value,
which is shorthand version of potential hydrogen. Actually, the
degree of acidification is the pH of the water, which is defined
as the negative logarithm of the concentration of hydrogen ion
(H"), or pH = -log [H"].

To the best of my knowledge is concerned, there are only a
few reports available on the effect of medicinal herbs due to
acid rain. Punam Kumari and Tomar [4] studied the effects of
simulated acid rain (SiAR) of pH 2.5, 3.5, 4.5 and 5.5 on
chlorophyll and ascorbic acid contents of two cultivars (cv.
Himalaya and cv. Kaushik) of a medicinal herb Mentha
piperita. In the above study, they found that chlorophyll and
ascorbic acid contents of the leaves were adversely affected (at
pH 2.5 and 3.5), and chlorophyll-a showed more reduction
than chlorophyll-b. In both the cultivars, cv. Himalaya was
more sensitive than cv. Kaushik on chlorophyll and ascorbic
acid contents.

Various aluminium-based new phases formed due to the
substitution of sulphur via SiAR in Brahmi (Bacopa Monnieri
L.), which have been analyzed using X-Ray diffraction
technique have been reported in Behera et al [5]. In this study,
an attempt has been made to analyze the various aluminium
phase (salt) formations due to the substitution of sulphur via
SIAR in B. Monnieri because of their toxicological
importance. The new phases like AIH(SO,4), and Al,S;3 along
with usual Al,Ogz; H,0, MgO, FeAl, (PO,), (OH),; 8H.0, and
(K5Ca(S0Oy),; H,0), have been observed in B. Monnieri when
treated with sulphuric-simulated acid rain (S-SiAR) of two
different pH (3.39 and 5.45) for 20 weeks.

The effects of simulated acid rain (pH 3 and 4) and control
(rain with pH 5.7) on physiological and biochemical processes
in Lolium perenne have been studied by Vicas et al. [6]. In
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that work, S-SiAR and normal rain had been applied by
spraying daily for 10 days from the beginning of the
experiment. In that analysis, they have concluded that, under
stress of SIAR (pH 3 and 4), the germination and the growth
decreased with the decline in of pH values of the acid rain.

Wang et al. [7] studied the major invasive weed Wedelia
trilobata in southern China to examine the possible effects of
acid rain on the allelopathic potential of invasive plant species.
In that report, they have investigated the phytotoxicities of
aqueous leachates and dried leaf litter of field-grown W.
trilobata plants exposed to SiAR (pH 2.5, 4.0, 5.6, 7.0 water
control) in in-vitro assays on two receptor species: Brassica
campestris and Raphanus sativus. Again, substantial increase
in the phytotoxicity of the leachates as well as leaf litter have
been observed as a function of decreasing SiAR pH.
Additionally, glasshouse experiments have been carried out to
determine the effects of various SiAR treatments on W.
trilobata biomass accumulation and shoot height; both
parameters showed modest increases at SIAR pH 4.0 and
decreases at SiIAR pH 2.5 than control (pH 7.0) plants.
Authors claimed that the acidic conditions increased the
allelopathic potential of W. trilobata, suggesting that acid rain
exposure may increase the invasiveness of this weed.

Crop and vegetable plants have shown a wide range of
sensitivity to the acidity of rain water. As reported by
Ferenbaugh [8], the effects of SIAR (pH < 3) on Phaseolus
vulgaris L. plants exhibited a failure to attain normal height,
had necrotic and wrinkled leaves, excessive and adventitious
budding, and premature abscission of primary leaves. Again,
apparent rates of photosynthesis, however, increased
dramatically. Both carbohydrate production and root biomass
were reduced by low pH treatments, and application of Congo
red indicator to the acid-treated leaf tissue showed that the cell
contents were acidified to a pH of below 4.0.

In an investigation by Lee et al. [9], it has been reported that
Arabidopsis leaves treated with SiAR showed phenotypes
similar to necrotic lesions caused by biotic stresses like
pseudomonad infiltration. Again, exposure of Arabidopsis to
SiAR resulted in the up-regulation of genes. In their report,
they suggested that SiAR activates at least the salicylic acid
pathway, and activation of this pathway is sensitive to sulfuric
acid. Verma et al. [10] studied the impact of SiAR with pH-
levels of 5.0, 4.0 and 3.0 on three most popular vegetable
plants species, viz. Capsicum annuum, Lycopersicon
esculentum and Solanum melongea of the family Solanaceae.
From the above study, they have reported that the growth
parameters and fruiting were severely curtailed with increasing
acidity in all the three species.

A good review work on the effect of AR and its ecological
consequences has already been published [11]. In that report,
effects of AR on various vegetable plants including various
physiological parameters (photosynthetic rate, stomatal
conductance, etc.) and morphological characteristics of plants
were found to be negatively affected by AR. Norby and
Luxmoore [12] found reduction in CO, fixation in soybeans
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when treated with acid rain of pH 2.6. This decrease was
ascribed to the reduction in leaf area. In another report by
Singh and Agrawal [13], morphological characteristics of two
varieties of wheat (Sonalika and M 213) have been reported
and found to be negatively affected by acid rain treatments. In
the report by Smol and Glew [14], it has been found that
species of diatoms and golden brown algae are also sensitive
to the change in water chemistry, and hence can be used as
indicator of acidity of water. Findlay and Kasian [15] observed
that with acidification of lakes, golden brown algal species are
replaced by other chlorophycean like Chlorella mucosae.

In an investigation by Liao et al. [16], complex toxic effects
of Cd**, zn*, and AR on the growth of kidney bean
(Phaseolus vulgaris L) have been studied. In this report, the
effect on weights of the plants, surperoxide dismutase (SOD),
peroxidase (POD), and lipid peroxidation such as
malonydialdehyde (MDA) in the plant organs, and the injury
symptoms have been studied. Again, they demonstrated that all
treatments of Cd”**, Zn%, and/or AR significantly decreased
fresh weights of kidney beans and caused toxic effects on the
growth of the plants, especially higher amounts of Cd** and
Zn** and higher acidity of AR. Combination of these three
pollutant factors resulted in more serious toxic effects than any
single pollutant and their combinations of any two pollutants.

Again, the effect of SIAR (pH 1.8) on H,O, and
malonydialdehyde (MDA) levels and activities of peroxidase
and catalase in bean plants have been investigated by Velikova
et al. [17]. The influences of exogenous polyamines
spermidine and spermine on these parameters have been
studied. In the report, it has been observed that the protective
effect of spermine was higher than that of spermidine. Again,
the impact of polyamines could be attributed to their acid-
neutralizing and antioxidant effects, as well as to their ability
to stabilize membranes by associating with negatively charged
phospholipids. It has been also found that AR significantly
increased peroxidase and decreased catalase activities at the
first hours after treatment.

The Effects of soil acidity on the uptake of trace elements
(Co, Zn, Se, Rb, Sr, Y, Zr, Tc, Ru, Rh and Re) in soybean and
tomato plants have been studied by Wang et al. [18] applying
a multi-tracer technique. They found that the uptake of cationic
elements in the leaves and stems of soybean plants cultivated
on acid soil (pH= 4.2) became higher than those of plants
cultivated on normal soil (pH=6.4) during the late period of
growth. However, they found that the effect on the element Se
was quite different from that on the cationic elements. The
uptake of Se by the plants cultivated on normal soil was higher
than that of the plants cultivated on acid soil.

Again, the effects of SiIAR (pH 1.8) on the ultrastructure of
chloroplasts and mitochondria as well as antioxidant defense
system were investigated in tomato (Lycopersicon esculentum
Mill) by Gabara et al. [19]. The tomato leaves were sprayed
with AR of pH 1.8. The analyses carried out at 0.5, 3.0, 24,
48, 72 and 96 h after a single spraying of AR indicated
alterations in 13% of chloroplasts and 95% of mitochondria.

Irving [20] in his report studied the effects of gaseous
pollutants (O3, SO,, NO,) and acidic rain on a wide variety of
crop cultivars and species. In his investigation, he found that
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exposures of SO, and combinations of SO, and NO, may reach
concentrations and frequencies that could reduce crop
productivity, but effects from these pollutions are not
significant on a national scale. Also, the author claimed that O
at ambient levels during the growing season tends to reduce
the yield by an average of 5-10% for the majority of crops
tested.

As reported by Wyrwicka and Sklodowska [21], the effect
of repeated treatment with SiAR on antioxidative enzyme
activities, lipid peroxidation and chlorophyll concentration in
cucumber plants (Cucumis sativus L.) was investigated.
Measurements were carried out for short period (one, five and
seven days) after triple spraying. They found that ascorbate
peroxidase (APx) and glutathione transferase (GST) activities
increased considerably after the exposure to AR stress,
indicating a direct correlation with pH of the used solution.
Again, both enzyme activities were enhanced till the end of the
experiment, which could contribute to the scavenging of
reactive oxygen species (ROS) and detoxification of
potentially toxic products originating from AR stress. Contrary
to APx and GST activities, increases in catalase (CAT) and
glutathione peroxidase (GSH-Px) activities were observed
shortly after AR stress only. Changes in chlorophyll
concentration were strongly dependent on pH of the applied
AR. It was also found that lipid peroxidation (POD), measured
as 2-thiobarbituric acid reactive substances (TBARS)
concentrations, was increasing in cucumber plants to the fifth
day after AR treatment. Leaf bleaching and increased TBARS
concentration suggested premature senescence of the AR-
treated plants. Also, in the same report, they have quoted that
antioxidant enzymatic response to AR stress was quite
sufficient in leaf tissue exposed to AR pH 4.4, but was not
effective at pH below 3.0.

Munzuroglu et al. [22] studied the effect of acid rain
implementation including pH 2-5 on the vitamins (A, E and C)
of matured strawberry fruit using High Performance Liquid
Chromatography (HPLC). It has been found that vitamin levels
of plants sprayed with SiARs decreased with respect to pH and
time when compared with control. Again, sprayed roots were
more affected in respect of vitamin levels than untreated
plants.

IV. EFFECT ON TREE AND FOREST

The effect of AR on higher plants viz. pine [23-31], Beech
and Holm Oak [32], apple tree [33], litchi [34], and even
forest [35-40] is highly adverse due to acid deposition. Leaf is
the most sensitive organ to AR-caused pollutant damage, and
has been the target of many studies. Usually, the effect of acid
depositions on higher plants arises in two ways-either through
foliage or through roots. The symptoms include direct damage
to the plant tissue (especially roots and foliage), reduced
canopy cover, crown dieback and whole tree death [41]. The
germination rate of Norway spruce, Scots Pine and silver birch
seeds was found to be moderately inhibited at pH 3.8 and 5.4
[42].

Shan [23] studied the effects of SiIAR on the chlorophyll
contents of leaves of Pinus densiflora, on the net
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photosynthetic rate on a unit chlorophyll basis, and on
chlorophyll degradation. When NOj  concentrations in rain
water increased, the chlorophyll a+b contents of the leaves
increased in parallel, even though the pH of the simulated rain
decreased. The nitrogen content of the rain was sufficient to
stimulate the production of chlorophyll and was able to
override any degradative effect expected due to the H" input
from AR. The AR does, therefore, simultaneously increase
chlorophyll content and reduce the efficiency of the use of
chlorophyll in photosynthesis. This reduced efficiency may be
linked to the increase in the rate of degradation of chlorophyll
to pheophytin.

However, in the study of Shumejko et al. [24] the effects of
prolonged SiAR on the biochemistry of Scots pine needles
were reported in Finnish Lapland. In this report, pine trees
were exposed by spraying the foliage and soil with either clean
water or SiAR (both sulphuric and nitric acids) over the period
1985-1991. The concentrations of carbohydrates (starch,
glucose, fructose, and sucrose) in one-year-old pine needles
were not affected by SAR-treatments. The SAR-treatments did
not have significant effects on protein-bound amino acids,
which was true also for most of the free amino acids. However,
the citrulline concentration was over three-fold greater in the
foliage of pines exposed to SAR of pH 3 compared to irrigated
controls. The concentrations of total phenolics, individual low-
molecular-weight phenolics and soluble proanthocyanidins
were not affected by the treatments, but insoluble
proanthocyanidins had increased in acid-treated trees. Some of
the studied biochemical compounds showed significant
differences between two sub-areas (similar treatments) only
120 m apart.

As reported by Shan et al. [25], the seedlings of Pinus
armandi Franch were exposed to ozone (O3) at 300 ppb for 8 h
a day, 6 days a week, and SiAR of pH 3.0 or 2.3, 6 times a
week, alone or in combination, for 14 weeks. The control
seedlings were exposed to charcoal-filtered air and simulated
rain of pH 6.8 during the same period. Significant interactive
effects of Oz and SiAR on whole-plant net photosynthetic rate
were observed, but not on other determined parameters. The
exposure of the seedlings to O3 caused the reductions in the
dry-weight growth and root dry weight relative to the whole-
plant dry weight, net photosynthetic rate, transpiration rate in
light, water-use efficiency and root respiration activity, and
increases in shoot/root ratio, and leaf dry weight relative to the
whole plant dry weight without an appearance of acute visible
foliar injury, but did not affect the dark respiration rate and
transpiration rate in the darkness. The decreased net
photosynthetic rate was considered to be the major cause for
the growth reduction of the seedlings exposed to Oz. On the
other hand, the exposure of the seedlings to SiAR reduced the
net photosynthetic rate per unit chlorophyll a + b content, but
did not induce the significant change in other determined
parameters.

Helander et al. [26] studied the variation in assemblages of
endophytic fungi in Scots pine (Pinus sylvestris) needles in a
subarctic area, where background pollution values are low:
The effects of tree density and prolonged SiAR on the
occurrence of endophytic fungi were investigated. The needle



Energy, Environment and Material Science

endophyte most frequently isolated was Cenangium
ferruginosum, accounting for 64% of all fungal individuals,
followed by Cyclaneusma minus (12% of all individuals). Old
needles were colonized more frequently by endophytes than
young ones. In young needles, the colonization by endophytes
increased during the summer, whereas in old ones no seasonal
variation was detected. Endophyte colonization was positively
correlated with stand density and was reduced on pines treated
with spring water acidified with either sulphuric acid alone or
in combination with nitric acid. In contrast, nitric acid alone
did not affect endophyte colonization.

In an another report by Reich et al. [27], experiments were
conducted to assess the response of potted white pine (Pinus
strobus L.) seedlings to combined AR, ozone, and soil
treatments. In that study, seedlings had been grown in five
forest soils and exposed for 4 months to realistic levels of AR
and ozone. Acid rain treatments consisted of exposure to
simulated rain of pH 5.6, 4.0, 3.5, or 3.0, while ozone
treatments consisted of exposure to 0.02 and 0.06, ppm 0zone.
Minimal interaction between AR and ozone 0.10, or 0.14 was
observed with regard to photosynthesis or growth. Acid rain
and soil type had a strong interaction in determining plant
response. They found that the extent of this response was
inversely correlated with the availability of nitrogen in each
soil. Ozone treatments caused decreased net photosynthesis in
pine seedlings.

Nutrient cycling and decomposition rate is also negatively
affected by acidification of soil due to AR. It has been shown
that strong acidification retards the decomposition of litter of
spruce, pine, birch and other cellulose-rich materials, as
reported by Francis [28] and Kilham et al. [29]. Soil
acidification led to changes in soil quality from podzol,
podzolic soil, dernopodzolic soil and brown earth to
Pararendzina that changes the floristical composition, followed
by changing of pine and spruce forest to mixed and birch
forest, as reported by Kopstik et al. [30].

The additive and interactive effects of SiAR and elevated
ozone on C and N contents, the C-N ratio of one-year-old,
current-year foliage of field-grown mature trees and their half-
sib seedlings of a stress-tolerant genotype of ponderosa pine
have been studied by Momen and Helms [31].

In his report, Paoletti [32] observed that Beech (Fagus
sylvatica L.) and holm oak (Quercus ilex L.) leaves were
subjected to SiAR and UV-B radiation for 10 days. The almost
glabrous beech leaves revealed a greater predisposition to
developing macroscopic nicrotic lesions than the pubescent
holm oak leaves.

Bellani et al. [33] studied the viability, germination and tube
length in pollen grains of field-grown ‘summered’ apple trees
(Malus domestica Borkh) exposed to deionized water, rainfall
or SIAR at pH 5.6, 4.0 and 3.0. Pollen viability and
germination significantly decreased with lower values of pH
and with increasing number of treatments. Also, it has been
observed that the effects of pH 5.6 and natural rainfall were
not significant. Electron microscope investigation of
vegetative pollen cells of plants exposed to acid rain at pH 4.0
and 3.0 showed modified features in mitochondria, plastids
and endoplasmic reticulum.
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The regulatory role of calcium in fertility of pollen and pistil
under SiAR was investigated by Dong-Liang et al. [34]. The
germination percentage of pollen treated with AR of pH 4.5
was 9.42% lower than that of control, and that of pH 3.5, pH
2.5 and pH 1.5 was lower by 22.47%, 45.49% and 71.62%,
respectively. AR- induces changes in the cellular biochemistry
and physiology of the whole plant. AR-caused effects
including visible symptoms of injury ( chlorosis and/or
necrosis), and invisible effects such as reduced photosynthesis,
nutrient loss from leaves, altered water balance, variation of
several enzyme activities, changes of pollen physiology and
ultrastructure. Due to the need for further evidence regarding
atmospheric pollution in the form of AR and its interaction
with and influence upon the reproductive processes of litchi,
the study was undertaken concentrating on one stage of
reproduction. It is known that pollen germination is
significantly regulated by the transport Ca®*, K* and other
inorganic ions across the plasma membrances of pollen.

In the 1985 report by Tift [35], 7.7% of 7.4 million hectares
of West Germany’s forests were visibly damaged; within a
year 34% of trees had suffered discolouration and some loss of
needles and leaves; by late 1984 around half the country’s
woodlands showed symptoms of the disease.

Bardy [36] developed the nitrous acid hypothesis, which
could explain the triggering effect of drought on forest decline.
The first rainfall after summer drought (FRAD) receives the
nitrifiers which gives rise to an acidification push with nitric
acid production. But also denitrifiers are rapidly received in
anaerobic micro-sites. Also, it has been observed that, during
this climatic event, intermediate NO, of
nitrification-denitrification (as undissociated HNO, species)
would react drastically and without discrimination on dead and
living organic matter, thus altering roots and mycorrhizas,
particularly in the direct vicinity of aggregates.

Ruuhola et al. [37] examined how long-term (19yr) AR
pollution affects (i) the oxidative responses in mountain birch
foliage, and (ii) the growth and immune responses of autumnal
moth larvae. They found that pollution caused a 50% increase
(p<0.05) in the peroxidase activities (PODs) in birch leaves,
whereas polyphenoloxidase (PPO) or catalase (CAT) activities
were not affected, suggesting that PODs play an important role
in the quenching of the oxidative stress in birches. In polluted
trees, phenoloxidases probably acted as antioxidative, not
prooxidative enzymes. Although AR pollution did not have
any direct effect on either pupal weight or the length of larval
period, the stronger AR treatment reduced slightly (6% in
females) the encapsulation response of pupae. A decrease of
this magnitude might be too small to have measurable effects
on the incidence of moth outbreaks.

Anna-Santos et al. [38] reported the correlation between
sintomatology with anatomical alterations caused by AR in
leaves of tropical species, seedlings and saplings of spondias
dulcis Forst F., Mimosa artemisiana Heringer and Paula and
Gallesia integrifolia (Spreng.) Harms exposed to simulated
low-pH AR (pH 3.0). It has been observed that the necrotic
spots on the leaf blade occurred and most of the injuries onset
on the epidermis in all species studied. S. dulcis displayed
epicuticular wax erosion and rupture of epidermis. The abaxial
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surface of M. artemisiana was colonized by a mass of fungi
hyphae, and stomatal outer ledge rupture occurred. Some
epidermal cells of G. integrifolia showed appearance similar to
plasmolysis. The plants accumulated phenolic compounds in
necrotic areas. Afterwards, leaves presented injuries in the
mesophyll and collapsed completely. Cells surrounding the
injured areas accumulated starch grains in S. dulcis. M.
artemisiana showed more drastic symptom intensity in
response to AR. Also, it was found that AR caused anatomical
alterations in the leaves of tropical species, seedlings and
sapling of Spondias dulcis Forest. When exposed to simulated
acid rain with low pH (3.0), necrotic spots on the leaf blade
occurred, which were mostly restricted to epidermis in all the
species. S. dulcis displayed epicuticular wax erosion and
rupture of epidermis.

Pritsch et al. [39] showed the influence of a moderate
contamination with heavy metals (HM) viz Cu, Zn, Cd, Pb
/640, 3000, 10, 90 mg kg™ of HNO;extractable metals, AR
(pH 3.5), and the combined treatment was studied in model
forest ecosystems. Extracellular enzymatic activities were
measured in soil samples and on absorbing fine roots of seven
different tree species (Betula pendula, Fagus sylvatica,
Populus tremula, Picea abies, Salix viminalis, Alnus incana,
and Acer pseudoplatanus). The five studied enzymes represent
the carbon, phosphorus and nitrogen cycle, and include
phosphatase, glucosidase, cellobiohydrolase, chitinase, and
xylosidase. AR alone had no effect on soil enzyme activities,
while heavy metals strongly reduced activities of all enzymes.
Surprisingly, this reduction was less pronounced in the
combined treatments with HM and AR. The absorbing fine
roots of the seven different tree species exhibited a broad
range of reactions to both stressors. Overall, the results suggest
that studies on heavy metal reactions in woody plants should
consider species effects as well as other environmental factors
such as AR. Again, AR- caused reduction in protein
concentration of Betula alleghaniensis and white spruce [40].

V. CONCLUSION

In conclusion, soil and aquatic ecosystem are two very
important environmental components and are directly affected
by acid rain. Since soil and water are two essential components
for the plant growth, they are directly related to plant kingdom.
AR-induced pollution of soil and water impacts an adverse
effect on plants. Hence, polluted and water highly affect the
plants; this indirect effect may cause even more impact on
plants rather than the direct acid rain.
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In-Vitro Evaluation of Cytotoxicity, Antiviral
and Virostatic Activity of PMF
Derived from Camel Urine

Noor S.O, AlAttas S.G, Khorshid F.K, Elsourojy Y.A and Tawfik N
King Abdulaziz University, Jeddah, Saudi Arabia

Abstract—Although many antiviral and anticancer
drugs are produced, no cure can be ensured. Many trials
to produce antiviral / anticancer drugs from different
sources, either synthetic or natural, could not achieve their
goal. In the present study we tried to produce an antiviral /
anticancer drug and data revealed that PMF derived from
camel urine showed a relative cytotoxicity (IC50) to
normal and cancerous cell line; 90 and 140 pg respectively.
PMF, as a camel urine derived drug, could prove to be a
promising virucide .The VSV virus model was completely
inhibited 75 minutes post treatment with PMF. Further
investigation of antiviral and anticancer activities relative
to gene expression to confirm the biological activity are a
must.

Keywords—VSV, PMF, camel urine, anticancer drug; antiviral

activity
Natural products play an important role in our
healthcare system (Pezzuto, 1997 and Schwartsmann,
2000).They offer a valuable source of potent compounds with
a wide variety of biological activities and novel chemical
structures, many of which are important for novel drug
development (Vuorela, et al., 2004). Camel urine is a
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physiological catabolic product, it has been used traditionally
in the treatment of many diseases in Arabic countries (Alhaider
et al., 2011). It is used both externally and internally as a
medicine. Amer and Al-hendi (1996) analyzed urine of mature
camels between 5 - 10 years old, and found that its relative
density ranged from 1.022 to 1.07 gm/dL, while pH values
varied to be either acidic or alkaline. Urea level ranged from
18-36 gm/dL. Keratin was recorded at 0.2 - 0.5 gm/L.
Microscopical analysis proved the presence of phosphorus,
calcium oxalate, and ammonium urate; some epithelial and
granular cells appeared. Al-Attas (2008), using neutron
activation analysis, estimated the amount of some essential
elements within milk and urine of camels and discovered that
they contain large amounts of Na and K, which can substitute
for the loss of such elements in humans in the case of diarrhea.
PMF is a new pharmaceutical drug prepared by extracting
Iyophilized camel urine and was prove to have selective
toxicity and anticancer substrates and to exert negligible
effects on vital organs (Khorshid, 2008). The extracted
fraction of PMF was found in 150 mg /g of lyophilized PM
701 (camel urine) and it was able to inhibit the proliferation of
cancer cells significantly without affecting the normal cells at
cell culture level (Khorshid et al., 2005, 2008, Khorshid, 2009,
Moshref et al., 2006 and El-Shahawy et al., 2010). Cell culture
and animal models play a crucial role in the development of
new therapies. A novel treatment cannot be applied directly to
humans. Treatments (both pharmacological and non-
pharmacological) can be potentially dangerous. Cell culture
can verify the mechanism of the new therapy and aid in
establishing a safe human dose range (Giaever & Keese, 1986;
Khorshid & Mosherf, 2006). A reliable and predictive animal
model must be employed to assess the safety and efficacy of
treatment prior to its use on humans. In addition, cell culture
and animal models are far less expensive than clinical studies
(Giaever & Keese, 1986; Khorshid & Maosherf, 2006). So, the
present work aimed to evaluate both cytotoxicity and antiviral
activity of PMF from camel urine using the virus model that is
used for evaluation of current recombinant Interferon as on
antiviral drug despite the lack of results.
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Il. MATERIAL AND METHODS

A. Maintenance of cell lines

Both African green monkey cells (Vero) and Human Hepato
cellular Carcinoma cells HpeG2 cell line (ATCC-HB-8065)
were cultured in 75-cm2 tissue culture flasks using EMEM and
medium 199E (GIBCO-USA) supplemented with 10% (FBS)
fetal bovine serum (GIBCO-USA). Cell lines were maintained
according to the method described by Thomson (1998) where
cells were grown until they reached confluent monolayer. Cells
were incubated with trace trypsin in the incubator at 37°C until
the cells detached from the surface. Cells were resuspended in
growth medium to the desired concentration according to cell
count. Cell suspension was incubated in new culture growth
media in new flasks and incubated at 37°C until confluency.
The cell number in the suspension was calculated by using
trypan blue exclusion assay according to Steven et al., (1993).

B. Vesicular stomatitis virus (VSV) propagation onto cell
culture

Sterile VSV was inoculated into pre-cultured Vero cells
tissue culture flask. Infected flasks were incubated at 37°C
(Jouan-France) for an adsorption period of 1-1.5 hr with gentle
mixing at timed intervals of 15 min. Maintenance medium was
added to infected flasks(Joseph 1994). Non-infected cell
culture control, were included. Cultures were incubated at
37°C and examined daily under the inverted microscope
(Hund-Germany) until the initial detection of cytopathic effect.
Flasks that showed 90% CPE were frozen and thawed three
successive times for virus extraction according to (Abd el-
razek et al., 2011).

C.Virus infectivity titer assessment

The virus infectivity titer was assessed according to
Reed and Muench (1938) to determine the highest dilution of
the virus that produced CPE in 50% of the infected cells
(TCID50). VSV was 10 fold diluted in culture medium. Vero
cells precultured on 96 well plates (10%4cells/well) were
infected using the serially diluted VSV on the reciprocal wells.
On confluency, the medium was decanted 100 pl/well of each
dilution of the virus suspension into 8 wells (using separate
tips for each dilution). Two successive columns of non
inoculated wells were maintained as negative control. Plates
were incubated at 37°C, seven days post incubation, the
number of wells per each dilution showed CPE were recorded.
The 50% endpoint was determined according to the method
cited from Reed and Muench (1938) as follows: 50% endpoint
= (percentage of CPE of >50% — 50) / (percentage of CPE of
>50 % — percentage with CPE 0f < 50%) X log dilution.

D.Evaluation of PMF cytotoxicity using MTT assay

The MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5
diphenyltetrazolium bromide) assay is based on the conversion
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of MTT into formazan crystals by living cells, which
determines mitochondrial activity. Since for most cell
populations the total mitochondrial activity is related to the
number of viable cells, Van Meerloo et al (2011). Cellular
cytotoxicity was determined using MTT assay as described by
Takahashi et al.,(1989). PMF was dissolved in EMEM, at the
concentrations of 24 pg/ml and 120 pg/ml. Double fold
dilutions were prepared of both concentrations. Cell lines were
counted as 10° cells/ml and cultured in 96-well tissue culture
plates. On confluence, growth media were discarded and 100
pl of each dilution of PMF was inoculated into 8 wells of the
plates. The plates were incubated at 37°C for 24 hrs. Media
containing PMF of different dilutions were decanted and plates
were washed with PBS 3 times. Plates were stained using
MTT (0.05 ml/well) for 4 hrs at 37CO. Developed MTT-
Formazan complex was dissolved using 0.05 ml of DMSO.
Plates were incubated for 30 minutes at 37°C for cell lysis.
Optical density (OD) was measured using ELISA reader at
wavelength of 550-570 nm. The percentage of viability was
determined according to the method described by Ho-Joon et
al., (2000) as follows:

Number of residual living cells = (OD of treated cells/ OD
of untreated cells) X Number of negative control cells (104
cells/0.1ml).

Percentage viability = (Number of residual living cells /
Number of negative control cells) X 100.

E. Evaluation of anti-viral activity of PMF against VSV

The antiviral activity of PMF against VSV was determined
according to the method described by Shinji (2005) where non
toxic concentrations of PMF was prepared in EMEM to
contain 60, 30, 15ug/ml respectively. Vero cells were counted
as 10° cells/ml and cultured in 96-well tissue culture plates.
On confluence, growth media were discarded. Pre cultured
plates 100 pl/well PMF (under test for antiviral activity) were
dispensed to the reciprocal wells..One PMF non treated plate
was maintained for viral control titration. All plates were
incubated at 37°C for 24 hrs. VSV was 10 fold serially diluted
in EMEM (6 dilutions 10-2 - 10-8). Growth/ treatment media
were decanted; each virus dilution was inoculated at100pul
/well. Plates were incubated at 37°C and examined daily under
the inverted microscope. Three days post incubation, the virus
titer was calculated in each plate. The antiviral activities were
calculated by determining VSV mean titer in treated and
untreated cells. The difference between both titers refers to the
antiviral activity.

F. Virucidal activity

Virucidal activity was monitored based on the evaluation of
direct contact of VSV with PMF follow by collecting samples
from 370C incubated PMF-virus mix. Collected samples were
titrated the treatment test was repeated in triplicates and the
mean depletion rate was calculated according to (Reed and
Muench 1938).
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G. Statistical analysis

Data were represented as mean * SD. Statistical significance
between treated and untreated cells was determined using one
way ANOVA. Differences at P values less than 0.05 were
considered significant

[11. RESULTS AND DISCUTION

Cytotoxicity of natural products may be based on the effect
of toxic materials on cell organelles including mitochondrial,
nuclear and cellular membrane damage. This damage leads to
breakage of cellular and mitochondrial membranes enhancing
cell death and viral protein assembly ceasing in cases of viral
infection. Cancer is a disease characterized by uncontrolled
cellular proliferation and differentiation. Nearly all
conventional cancer treatments have undesirable negative
impacts; safer chemotherapeutics would be advantageous. We
evaluated the cytotoxicity of PMF as a natural product by
using a cancer cell line model compared to a normal one,
namely HEPG-2 and vero cells respectively. Data revealed that
the toxicity of PMF was relative to PMF concentration. It was
clear that toxicity inducing concentration of PMF to vero cells
was significantly less than that of hepatic cancer cell line
toxicity (p<0.05). Our data showed that the inhibitory
concentration for 50% of treated cells [IC50] was 144 pg for
vero cells and 90 pg for HEPG-2 cell lines Fig (1) and (2) that
were evaluated using Masterplex Reader fit (2010) software.
Viability was compared to non treated cell controls under the
same conditions. Cytotoxic effect may be attributed to HEPG-
2 cells apoptotic enhancing activity under the effect of camel
urine derived PMF, also the PMF may enhance cell and
mitochondrial membrane rupture. In our recent work, El-
shahawy et al (2010) recorded that camel urine, which coded
PM701, is a natural product and is free of toxicity.
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lfig (1) : Evaluation of viability of Vero cell line post treatment with
PMF relatively to concentration using MTT assay
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Fig (2) : Evaluation of viability % of HEPG-2cell line post treatment
with PMF relatively to concentration using MTT assay

The extracted fraction, which was coded PMF, was found in
150 mg /g of lyophilized PM701 and it was able to
significantly inhibit the proliferation of cancer cells without
affecting the normal cells at cell culture level. The PMF has
been fractionated from a PM701 sample and this fractionated
sample has anti-carcinogenic effect on lung cancer and
leukemic cells. These data coincided with Nujoud et al (2011)
despite the use of different cell lines and their attention to
immune reactivity; they recorded that camel urine showed
cytotoxicity against various human cancer cell lines, with only
marginal effects on non-tumorigenic epithelial and fibroblast
cells. Interestingly, 216 mg/ml of lyophilized Camel Urine
(CU) inhibited cell proliferation and triggered more than 80%
of apoptosis in different cancer cells, including breast
carcinomas and medulloblastomas. Apoptosis was induced in
these cells through the intrinsic pathway via a decrease in Bcl-
2 -2. Furthermore, CU down-regulated the cancer-promoting
proteins survivin, [-catenin and cyclin D1 and increased the
level of the cyclin-dependent kinase inhibitor p21. In addition,
they have shown that CU has no cytotoxic effect against
peripheral blood mononuclear cells and has strong immune-
inducer activity by inducing IFN-y and inhibiting the Th2
cytokines IL-4, IL-6 and IL-10. Our results were consistent
with Al-harbi et al., (1996) who reported the cytoxic effect of
CU constituents to cancer cell lines. They recorded that CU
treatment was found to cause a significant cytotoxic effect in
the bone marrow cells of mice and mentioned that the
cytotoxicity appeared at higher doses comparable with that of
cyclophosphamide (CP), standard drug. However, unlike CP,
the camel urine treatment failed to induce any clastogenicity.
Also, they reported that the cytotoxicity induced by camel
urine treatment was substantiated by the reduction of liver
nucleic acids and glutathione levels and increased
malondialdehyde (MDA) contents in the same animals. CP
treatment was found to be highly clastogenic, cytotoxic, able
to reduce the levels of nucleic acids, proteins, glutathione and
increased malondialdehyde concentration due to its prooxidant
nature. Al-harbi et al., (1996) returned the non-clastogenic
nature of camel urine to the antioxidant and antimutagenic
compounds present in camel urine. They stated that the
pretreatment with camel urine increased the cytotoxicity of CP
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and intensified the CP induced reduction of liver nucleic acids,
and glutathione and increased the MDA concentration. The
increase of CP induced cytotoxicity appears to be partly due to
the additive effect of the two treatments on cellular lipid
peroxidation.

= — 5V
= PMF+V5V
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Fig (3): Evaluation of VSV titer post treatment at 37 ° C comparing with
negative control

Urine constituents showed a variable reactivity to cancer cell
lines / apoptotic activity relative to age and sex of camels
(Alghamdi; Khorshid, 2012). At the same time Abdulgader et
al., (2011) recorded that all types of camel; but not bovine;
urine differentially inhibited the induction of Cyplal gene
expression by TCDD, the most potent Cyplal inducer known
as a carcinogenic chemical. They added that the virgin camel
urine showed the highest degree of inhibition at the activity
level, followed by lactating and pregnant camel urines.
Furthermore, they have shown that virgin camel urine
significantly inhibited the TCDD-mediated induction of
Cyplal at the mRNA and protein expression levels.

The ability of virgin camel urine to inhibit Cyplal was
strongly correlated with its ability to inhibit AhR-dependent
luciferase activity and dna binding as determined by EMSA,
suggesting that AhR-dependent mechanism is involved. Also
Abdulgader et al., (2011) concluded that their work provides
the first evidence that camel urine, but not that of bovine,
inhibits the TCDD-mediated toxic effect by inhibiting the
expression of Cyplal, at both transcriptional and post-
transcriptional levels through an AhR-dependent mechanism.
This agrees with our data that camel urine proved its
anticancer activity based on its toxic effect on human
hepatoma cell line. Safe concentrations of PMF could not be
proven where virus infectivity titer showed no change 24 hrs
after on pretreated cells infection compared to virus control
infectivity titer. Virucidal activity was evaluated; the data
revealed that VSV showed a significant depletion rate in virus
infectivity titer 15 minutes post treatment (p<0.05), while an
almost stationary phase was detected through the 30 - 45
minutes mark followed by a sharp declining phase of virus
infectivity titer, VSV could not be detected 75 minutes post
treatment recording a depletion rate of VSV in the order of
0.49 log1g/ 15 minutes. Finally, 75 minutes post treatment,
the virus could not be detected compared to the control Fig (3)

ISBN: 978-1-61804-352-8

75

and (4). Antiviral activity may be attributed to the lysozyme
enzyme found in urine that enhances its antimicrobial activity
in general and it may work on the viral epitopes denaturation
preventing the adhesion potential of virus to cell receptors.
Our data shows agreementwith El-shahawy et al., (2010) that
the antimicrobial activity of PMF derived from camel urine
could significantly inhibit VSV virus infectivity titer in 60
minutes. PMF may affect viral epitopes integration due to its
chemical structure which affects virus replication enzymes.
Abdulgader et al., (2012) supported our results from the first
survey of the dromedary camel urinary proteome with the
absence of a complete camel genome sequence. The number of
protein identifications was maximized by searching three
primary sequence databases: swiss-prot, alpaca and camel
EST.

| VSV
PMF+VSV

Virucidual activity

O B N W AR DN 0 W

15 Min. 30 Min. 45 Min.
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Time

Fig (4): Comparative evaluation of Virucidal activity of PMF to
Vesicular stomatitis virus [VSV] relatively to time

This search strategy enabled the identification of 1274 peptide
sequences, of which 735 were found in at least two
independent samples. Functional annotations for proteins
identified from alpaca and camel EST sequences were mapped
from basic local alignment protein search tool. These 735
peptides, which included many novel sequences found only in
the camel EST database, were grouped into 147 protein
descriptors. Gene ontology term analysis of human proteins
with sequence similarity showed that camel urine may be
particularly enriched in proteins from extracellular
compartments and vesicles, and with functions that include
carbohydrate-binding and peptidase inhibitor activities. If their
biological functions are conserved between species, many of
the camel urinary proteins could be involved in various stress
and immune responses, and some may have antimicrobial
activities.

I111. CONCLISION

Testing the activity of VSV virus post PMF treatment
revealed that the log differences are highly significant which
means that the treatment by PMF has a powerful effect on the
virus replication. The test PMF is a promising bioproduct from
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camel urine that has anticancer and antiviral potentials. In
addition it needs more studies concerning gene expression
profile to prove anti apoptotic activity to explain the anticancer
mechanism of action. Also, the promising fast antiviral activity
must be enhanced using a wide range of virus models with
both DNA and RNA and cancer inducing viruses. We need to
trace the antiviral activity expressed by gene profiles namely
MX and 2,5 Olygoadenylatesynthetase, as marker genes for
antiviral activity, In-Vitro and In-Vivo studies for intensified
evaluation of PMF must be done.
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Safety profile of PMF a fraction derived from
camel urine on mice (acute study)

Samar O Rabah', Faten A Khorshid ?, Huda Aboarik®, Nahid H Hajrah*; Jamal S Sabir> and Roop S
Bora®

Abstract— Camel urine, a rich source of natural products with
medicinal properties, has been used traditionally for the treatment of
various diseases in Middle East. To exploit the therapeutic potential
of various ingredients present in camel urine, evaluation of efficacy
and safety profile is required. In the present study, we have evaluated
the potential of camel urine fraction [PMF) to cause hepatotoxicity
and nephrotoxicity in mice. Biochemical tests and complete blood
picture [CBC) were performed after oral administration with varying
doses of PMF. Blood samples were collected from the orbital sinus of
mice after 24hrs of drug treatment. Liver function tests such as
measurement of ALT, AST, Alkaline phosphatase, Gamma-
glutamyltransferase [GGT), total bilirubin and albumin levels were
performed to assess the hepatotoxic potential of PMF. Kidney
function tests such as measurement of Na, K, CI, total protein,
creatinine, uric acid, blood urea nitrogen [BUN) and phosphatase
level were performed in order to evaluate nephrotoxic effects of PMF
in mice. Our study indicated that PMF did not cause any damage to
liver and kidney even after treatment with twenty times of the
therapeutic dose. The present study clearly suggested that PMF does
not have any potential to cause hepatotoxicity and nephrooxicity and
it is safe for therapeutic use in human.

Keywords— Camel urine, drug safety, PM701, PMF.

I. INTRODUCTION

Camel urine has been used traditionally for the treatment of

various diseases in many Middle East countries. It is known to
be a rich source of several potent compounds with novel many
structures and with wide variety of biological functions [1].
Drinking camel urine was shown to be effective in treating
numerous cancers in human [2]. Previous studies have
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suggested that PM701 (dried camel urine), has cytotoxic
activity and induces apoptosis in cultured human lung cancer
cells. Induction of apoptosis was also observed in cultured
leukemia cells. PM701 was also found to be effective in
preventing metastasis in animal models [1,3]. Several studies
by Khorshid et al., [1;4] identified that Prophet Medicine
fraction [PMF] is the biologically active fraction isolated from
PM701, which has the potent anticancer activity [4]. The
apoptotic effect of PMF in human cancer cell was analysed by
TUNNEL method and it was observed that PMF was able to
induce apoptosis in dose dependent manner. Cell proliferation
study using MTT assay revealed that PMF treatment resulted
in dramatic decrease in cell proliferation and cell survival [4].
It was also observed that Cesium [Cs] and Rubidium [Rb]
particles are present in PMF as detected by Energy Dispersive
X-ray attached to Scanning Electron Microscope. Treatment of
lung cancer cell line A549 with PMF induced pores in the
nuclear membrane resulting in the internalization of Cs and Rb
with subsequent cell death due to elevation of cellular pH
[4,5]. These studies clearly suggested that PMF derived from
camel urine has tremendous therapeutic potential to treat
various types of cancer.

The safety assessment of drug compounds is essential for its
therapeutic use in humans. Several drugs have been withdrawn
from the market due to the severe adverse effects in patients
[6-8]. Most of these drugs have shown potential to cause
hepatotoxicity and nephrotoxicity [9-11]. The objective of the
present study is to evaluate the safety of PMF administration at
high doses in mice and investigate its potential to cause
hepatotoxicity and nephrotoxicity.

Il. MATERIAL AND METHODS

A. Animals

125 adult mice were kept and maintained at room temperature
with an adequate ventilation and normal 12-hours light-dark
cycle and free access to food and water. All the studies were
conducted in accordance with the laws and regulation of local
governing authorities. These animals were divided into five
groups, each one having twenty mice.

B. Treatment of mice with PMF

Group one was administered with a therapeutic dose of
PMF (0.75 pl + 75 ul sterile water) through oral gavage. The
second group was administered 2 X of the therapeutic dose
(1.5 wl PMF + 75 ul sterile water). The third group was given
4 X of the therapeutic dose of PMF (3 ul + 75 l sterile water).
The fourth group of mice was administered with 20 X of the
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therapeutic dose of PMF (15 pl PMF + 75 pl sterile water).
The fifth group was the control group and was administered
with 0.2ml sterile water only.

C. Biochemical Analysis

Animals were anaesthetized with ether and blood was
collected after 24 hours post- administration from Orbital sinus
and the sera of the animals were isolated. Erythrocyte count
(RBCs), Haemoglobin concentration (Hb), packed cell volume
(PCV), haematological indices {mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH) and mean
corpuscular  haemoglobin concentration (MCHC), total
leukocytic count (TLC) and lymphocytic count; were
estimated by using automated blood cells counter i.e Exigo
haematology analyser. Liver function tests for Aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
activities were estimated spectrophotometrically by using the
test kits supplied from Biodiagnostic Laboratories according to
the method of Reitman and Frankel (12). Kidney functions
tests including blood urea nitrogen (BUN), total protein (TP),
uric acid (URCA) were determined according to Walker et
al.,[13]. Multiple Comparisons dependent variable test was
performed using software according to Howell [14].

The blood components of mice administered with varying
doses of PMF did not show any significant differences in the
RBC count and platelets count as compared to control group.
Similarly there was no significant difference in the
concentration of Hb, MCV, MCH and MCHC between PMF
treated and control groups as shown in Fig.1 and Table 1.

The liver enzymes mainly ALT, AST, alkaline Phosphatase
(ALP), albumin (ALB), total bilirubin (TBIL) and Gamma-
glutamyltransferase (GGT) did not show any significant
differences between treated mice with PMF and control groups
as shown in Fig.2 and Tables 2,3 and 4.

In addition the kidney function tests including Na, K, CI,
creatinine, blood urea nitrogen, uric acid, phosphorus and total
protein values did not show any significant difference between
treated mice with PMF and control groups as shown in Fig.3
and Table 5.

RESULTS AND DISCUSSION

Whereas studies have reported that complete blood cell count
(CBC) is one of the most common laboratory test to evaluate
the safety of a drug compound. The measurement of these
parameters is useful in diagnosis of different types of anemia,
autoimmune diseases, neoplasm and inflammation [15]. In the
present study, administration of PMF in mice using the doses
higher than the therapeutic dose did not show any effect on the
blood components as shown by the Multiple Comparisons
dependent variable statistical test.

Deursen et al., [2010] showed that liver function abnormalities
are frequently observed in patients with heart failure; in
particular high levels of bilirubin, LDH and GGT have been
detected [16]. Alteration in liver function tests including
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bilirubin concentration, AST, GGT and alkaline phosphatase
activity were related to liver injury during heart failure. Thus,
abnormalities in liver function tests have prognostic
importance in chronic heart failure. Although we have no
alterations in liver enzymes activity, we could reveal that these
results showed the safety of PMF on heart function.

Kluwe [1981] analysed the nephrotoxic potential of various
compounds including biphenyl, carbon tetrachloride and
mercuric chloride in male rats [17]. Several renal function tests
such as measurement of urine specific gravity, pH & volume,
urinary excretion of glucose, protein, electrolytes & various
enzymes, serum concentrations of urea nitrogen, creatinine &
electrolytes, creatinine clearance and kidney weight, were
performed after administration of four different doses of each
compound. Ability to concentrate urine after water
deprivation, kidney morphology and accumulation of organic
ions by renal cortical tissue in vitro was also examined. In
general, it was observed that in vitro accumulation of organic
ions, urinary concentrating ability and kidney weight were the
most sensitive and consistent indicators of nephrotoxicity [17].
On the other hand, standard urinalyses, serum analysis and
pathological changes in renal morphology were less sensitive
and less consistent indicators of renal injury. The most
advantageous tests, therefore, appeared to be those that
measured total, functional renal capacity. The administration
of different doses of PMF showed none of the pervious
mentioned signs on the treated animals.

Various studies have indicated that increase in uric acid level
is generally associated with the development of hypertension,
abdominal obesity, insulin resistance, cardiovascular disease
and renal failure [18]. These studies have shown a correlation
between increased uric acid concentrations with the oxidative
stress, endothelial dysfunction, inflammation, subclinical
atherosclerosis and increased risk of cardiovascular disease.

Our study clearly showed that there was no significant
difference in liver and kidney function tests in PMF treated
group as compared to the control group using the multiple
comparisons dependent variable statistical test, suggesting that
PMF does not cause liver or kidney injury in mice.

Although our previous work indicted the efficiency of PMF in
fighting cancer cells [19-24], this work improved the safety of
PMF for administration for human in clinical trial.

Conclusion

In conclusion, our study clearly suggests that PMF derived
from camel urine, is a safe drug and does not have potential to
cause hepatotoxicity and nephrotoxicity. Hence, PMF has
tremendous therapeutic potential as a safe and potent
anticancer agent for treatment of various types of cancer in
human.
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Fig.1. Complete blood picture showing no significant
difference in the numbers of different components of blood
after oral administration with different doses of PMF in

comparison with the control group.
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Fig.2. Liver function tests indicating no significant difference
in liver enzymes between PMF treated and control groups.
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Fig.3: Analysis of Kidney function tests revealed no significant
difference in kidney functions parameters between PMF
treated and control groups.
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Control Std. . 95% Confidence
Group Exp. Group Mean Error Sig. Interval
Lower Upper
Bound Bound
Control the;ao";”t'c 583500 | 202.5098 | .035 | -1104.2995 | -62.7005
2;:)';‘:5 64.000 | 202.5998 | .765 | -456.7995 | 584.7995
4;:)'2:5 159.000 | 202.5098 | 468 | -361.7995 | 679.7995
2 df)'s”;es 245000 | 2025098 | .908 | -496.2995 | 545.2995

Table 1. Multiple Comparisons dependent variable of PLT showing that the
differences between all groups treated with PMF are not significant as
compared with control, whereas the significant is (0.005 — 0.0005).

Control Exp. Std. 95% Confidence
Group Group Mean Error Sig. Interval
Lower Upper
Bound Bound
Control Theéz‘;zu“c 52.66667 | 33.58703 | .148 | -22.1699 | 127.5032
2;:)';‘:5 31.66667 | 33.58703 | .368 | -43.1699 | 106.5032
4;:)'2:5 28.66667 | 33.58703 | .413 | -46.1699 | 103.5032
2odgsn;es -17.0000 | 3358703 | .624 | -91.8366 | 57.8366

Table 2. Multiple Comparisons dependent variable of
differences between all groups treated with PMF
compared with control.

ALT showing that the
are not significant as

Control Exp. Grou Std. 95% Confidence
Group P P Mean Error Sig. Interval
Lower Upper
Bound Bound
Control The&z‘;z“t'c 73.6666 | 59.1307 | .241 | -58.0848 | 205.4182
2;2;‘:5 7.6666 | 59.1307 | .899 | -139.4182 | 124.0848
4;2;‘:5 18.3333 | 50.1307 | .763 | -113.4182 | 150.0848
Zodgsrr;es 22.0000 | 59.1307 | 718 | -100.7515 | 153.7515

Table3. Multiple Comparisons dependent variable of AST showing that the
differences between all groups treated with PMF are not significant as
compared with control, whereas the significant is (0.005 — 0.0005).

Control Exp. Std. 95% Confidence
Group Group Mean Error Sig. Interval
Lower Upper
Bound Bound
Control Theéz‘;zu“c 73.66667 | 59.13074 | 241 | -58.0848 | 205.4182
2;:)';‘:5 -7.66667 | 59.13074 | .899 | -130.4182 | 124.0848
4;:)'2:5 18.33333 | 50.13074 | .763 | -113.4182 | 150.0848
2 df)'s”;es 22.00000 | 59.13074 | .718 | -109.7515 | 153.7515

Table 4. Multiple Comparisons dependent variable of ALP showing that the
differences between all groups treated with PMF are not significant as
compared with control, whereas the significant is (0.005 — 0.0005).

Control Exp. Grou Std. 95% Confidence
Group p. P Mean Error Sig. Interval
Lower Upper
Bound Bound
Control The&z‘;z“t'c 28.0000 | 15.25487 | .096 59900 | 61.9900
2;2;‘:5 -18.0000 | 15.25487 | 265 | -51.9900 | 15.9900
4;2;‘:5 -39.3333 | 15.25487 | .027 | -73.3233 | -5.3434
Zodgsrr;es 00000 | 15.25487 | 1.000 | -33.9900 | 33.9900
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Table. 5: Multiple Comparisons dependent variable of URCA showing that
the differences between all groups treated with PMF are not significant as
compared with control, whereas the significant is (0.005 — 0.0005).
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Magnetic effects in the thermodynamics of the process of thinking

Aibassov Yerkin Zhakenovich!’, Savizky Ruben? Yemelyanova Valentina', Shakieva
Tatyana', Tussupbaev Nessipbay®, Bulenbayev Maxat', and Blagikh Evgeniy*

'Research Institute of New Chemical Technologies and Materials, Kazakh National University
Al-Farabi, Almaty 005012, Kazakhstan
2 Department of Chemistry the Columbia University, NewYork, 005012,

Abstract

We have shown that the process of information and thinking can be modeled on the basis
of chemical thermodynamics. We offer general equations to calculate the thinking of the work of
judgment the L and of entropy solutions G in the presence of a magnetic field. As a result,
studies have shown that the magnetic effects strongly influence the thermodynamics of the
process of thinking.

Key words: Magnetic effect, thermodynamics, process of thinking, Shonon equation.
1. Introduction
The human brain is the most mysterious organ that controls thought processes.
In recent years, many works devoted to the thermodynamics of the thinking process [1-6].

We have previously been shown that the thermodynamic functions of internal energy dU
and free energy dF in the presence of a magnetic field [5]:

dU =TdS + 1/4z HdB 1)
dF = - SdT + 1/4zx HdB 2
It was also shown that the Nernst equation in a magnetic field change, and is described by
the equation [6]:
E = E + RT/nF In aoyx/ares + 1/47x H dB (3)

The purpose of this work is an attempt to study the magnetic effects in thermodynamics
thought processes and to find patterns of thinking mechanism in living organisms.

2. Theory

Thinking - certainly a biological phenomenon, and should therefore be subject to the
atomic and molecular description. Science has established that the complex DNA and RNA
molecules are capable of performing the function of storage n transmission of information is
even more faith in the fact that the complex information processes, including thinking, made
atomic-molecular mechanisms.

The fundamental thermodynamic properties of Shannon-type thinking is that the solution to

Aibassov Yerkin Zhakenovich”, Professor, research field: metalorganic chemistry of uranium
and thorium, As, Sb and Bi. E-mail: erkin53@mail.ru.
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the problem of information is not a process of spontaneous and necessary, ie running with
decreasing free energy, but, on the contrary, requires the expenditure of work. This expresses the
basic property information, that it is not deducible from the known data as a deduction -
otherwise it would not be at all necessary, as always could be obtained from these data - but
gives the new independent information that do not have believed to be reliable.

The process of logical thinking is similar to spontaneous thermodynamic process: In both
cases, the original particle system (information) to be converted to a finite system of new
particles or inferences. As spontaneous process in the thermodynamics with decreasing capacity
of the free energy, and always leads to a more stable state. Spontaneous logical process flows
down the free energy and give the thermodynamically stable as a result of the withdrawal or
deduction. The process of thinking is described thermodynamically expression:

Work Information: ljyform < 0, A@inform < 0, 4)
The work of judgment (solution): Lseiution >> 0, A®soiution >> 0, (5)
where Ao - the fall of the free energy in the act of information or diskursii.

Between these extremes there is an intermediate area in which the magnitude of the fall of
the free energy is large enough to process the judgment was spontaneous, but not high enough
for it to be unique. This is - an ambiguous area of probabilistic thinking.

In connection with the (equation (4)) increase in free energy of the information and hence
its instability, it has to be stored in anti-entropy devices - in memory, in the records of a
particular type, including a variety of codes - otherwise it will inevitably dissipate.

1. Results and discussion

Energy - is the ability to do the job, but also the ability to create and modify any type of
order in nature.

Dynamic energy E = Z\ - 5 energy action in a certain space, energy vektorization energy;
Y - energy of the order.

Dynamic energy is manifested in two forms: vector Ey = En, giving direction and
displacement of an object in its area of action and Brownian Eg = E(1 - 1)), extending the scope
and status of the process.

Hence the total energy Urors = Ev + Eg + . (6)

The information in contrast to the thinking can not appear as a product of pure inferences
from other data. It is impossible, without spending any work, just standing on the platform, by
"pure” reasoning to know address of your friend.

Information data are logically independent of each other, it is as if from nowhere output set
of "primary", independent data (in physical chemistry - the system of non-interacting particles).
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Thinking (especially in its marginal, formal logical form) operates on the information data
according to the laws of logic, and it resembles a chemical reaction "dissimilar" of the particles
of the gas mixture to react with strictly defined laws.

The result of thinking is the conclusion that can be recorded. They include various
elements of the original information.

Thinking there where begins the act of judgment as a result of a conscious selection of the
source data come parcels in the form of some data (information), self-evident position (axioms)
and certain assumptions (hypotheses), and subjecting them to an algorithm constructed in
accordance with the laws of logic .

With this information system, axioms and hypotheses thinking process always leads to a
definite conclusion. This is a very important property of thinking. It is similar to some
spontaneous process, the outcome of which, regardless of the physical and chemical properties of
the medium, where it occurs, is always the same!

It's like a roller coaster movement of rail road. Point of arrival is not dependent on
anything. It is defined only by the desire to move the system to a stable state.

Thus, the thinking process is modeled on the basis of chemical thermodynamics in the
form of spontaneous transition (Z - 1) varieties of "chances" that are concentrated in a single cell
in a k-th some sort of a drop in the free energy and entropy, expressed by the equation of
thinking:

The work of judgment (Solution):

L = Xpilog pi +4¢° = lyin+ 4¢° > 0, (7)

Entropy judgments (Solutions):

G = 2p| |Og p| +AH0 = HSannon+ AHO > O, (8)

We offer general equations to calculate the thinking of the work of judgment L and entropy
solution G in the presence of a magnetic field:

L = lyin+ Ag + 1/4zH dB, 9)
G = HSannon + AH + 1/47Z'H dB, (10)

The final result of the act of thinking - a conclusion or inference - and there is a stable state
of mind in the thermodynamic sense of the word.

Amazing uniqueness of the final result of mental activity proves it strictly directed,
"spontaneous”, the vector character, apparently independent from the chaos of Brownian motion
of atoms and molecules that make up the substance of the brain or any other mechanism where
there is thinking.

Inference can be repeated numerous times with the same result. For example, you can
repeat as often as proof of the Pythagorean theorem. This means that the probability of a
thermodynamic system, which carries out the process of thinking is always equal to one, which
corresponds to the only possible way of thinking of those responsible for the microparticles, their
full order and they are not susceptible to thermal chaos.
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2. Conclusion

The analysis shows that the thinking process is modeled on the basis of chemical
thermodynamics in the form of spontaneous transition (Z - 1) varieties of "chances" that are
concentrated in a single cell in a k-th some sort of a drop in the free energy and entropy,
expressed by the equation of thought.

We offer general equations to calculate the thinking of the work of judgment L and entropy
solution G in the presence of a magnetic field:

L = lyin+ 4@ + 1/4zH dB, 9)
G = HSannon + AH + 1/47Z'H dB, (10)

We have shown that the process of thinking can be modeled on the basis of chemical
thermodynamics. We offer general equations to calculate the thinking of the work of judgment
the Land of entropy solutions G in the presence of a magnetic field. As a result, studies have
shown that the magnetic effects strongly influence the thermodynamics of the process of
thinking.

The consequence of the above is the ability to save the information entropy and speed of
thinking in three dimensions, so the speed of thought to increase by several orders of magnitude.

Research in this direction will be continued.
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ABSTRACT

A series of organic-inorganic materials based on flexible gel-like cation
exchange resin were obtained by means of its modification with zirconium
hydrophosphate. The samples were investigated using transmission and scanning
electron microscopy, standard contact porosimetry as well as impedance
spectroscopy. Both non-aggregated nanoparticles (6-10 nm) and their aggregates
(from 25 nm up to several microns) were found inside the polymer. Decreasing of
temperature, at which the modifier is precipitated, causes a growth of amount of
single nanoparticles, which occupy transport pores. Evolution of porous structure
of the polymer constituent affected by the inorganic particles is considered, the
modifier has been shown to decrease the content of free water in the polymer, to
increase swelling pressure, which is determined according to Gregor model, and
also to provide a growth of ion-exchange capacity in a comparison with the
pristine resin (from 0.56 up to 2.3 mmol cm™®). Thus, the inorganic constituent
formally behaves like a cross-linking agent. However, increasing of the modifier
amount causes a growth of electrical conductivity of the composites from 0.2 to
0.8 Ohm™m™. The ion-exchanger with a maximal content of zirconium phosphate
(67 %) was applied to removal of Cd** ions from a solution containing also
hardness ions and organics. The composite provide continuity of the process, the
removal degree of toxic ions reaches 96-98%. Redistribution of the nanoparticles
in the polymer, which is affected by electric field, has been found.

Key words: electrodeionization, electrodialysis, organic-inorganic fon-exchanger,
zirconium phosphate, standard contact porosimetry.

1. Introduction

In opposite to electrodialysis, electrodeionization (EDI) involves not only
membranes, but also granulated ion-exchange resins between them: cation-
exchanger, anion-exchanger or their mixture [1-3], particularly layered bed [4].
Simultaneous ion exchange and transport of sorbed species through the ion-
exchanger bed and membranes provide continuity of the EDI process. This hybrid
technique is applied to weakly-concentrated solutions, since the ion-exchanger
particles intensify mass transport. The EDI method allows one to solve different
tasks, such as treatment of reverse osmosis permeate [4], production of ultrapure
water [5], removal of Ni** [6-12], HCrO, [13-16], Cu*" [17-19] ions from
electroplating wastes, recovery of Co* [20, 21] and Sr** [21] ions from coolant of
nuclear reactors, F anions removal from tap water [22], water softening [23] etc.

Removal of heavy metal ions from diluted solutions is complicated by low
selectivity of ion exchange resins and their poisoning with organics [6]. In order to
overcome these difficulties, glass-like hydrogel of zirconium hydrophosphate
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(ZHP) has been proposed [8]. A disadvantage of this ion-exchanger is gradual
fragmentation of grains.

Organic-inorganic ion-exchangers are widely used for removal of heavy
metal ions from diluted solutions by means of ion exchange [10, 24-28]. The
material based on flexible resin was also applied to the EDI process of Ni**
removal from a combining weakly-concentrated solution [10]. However, the
process efficiency was rather low. In order to overcome this disadvantage,
functional properties of the ion exchanger, namely electrical conductivity and ion
exchange capacity, have to be improved.

These properties are known to be determined by location of nanoparticles
in one or other pores of the polymer matrix [26, 28]. Porous structure of swollen
ion-exchange polymer includes several types of pores [29-31]. Gel fields of the
polymer are riddled with nanosized so called “transport pores” (clusters and
narrower channels between them), where functional groups are placed. These
pores are responsible for ion movement. Non-aggregated nanoparticles in clusters
and channels enhance the transport. Hydrophobic links of the polymer chains are
located in voids between gel fields, a size of which is more than 20 nm. The
largest pores are the structure defects.

The aim of the investigation is a purposeful control of a state of the
inorganic constituent in ion exchange polymer in order to provide maximal
content of non-aggregated nanoparticles in transport pores. The purpose of the
study is also to establish the influence of the particles on the polymer structure and
functional properties of the composites. At last, testing of the materials in the EDI
process is necessary.

Flexible gel-like cation exchange resin has been chosen as a polymer
matrix, since this material can be used successfully for removal of d-metal ions by
means of EDI [6]. Macroporous and rather rigid ion exchange polymers were used
earlier for composite preparation, mainly aggregated nanoparticles were found for
these materials [24, 25, 28]. In this study, ZHP was used as a modifier, since it
provides selectivity of the composites [10, 24, 26-28] due to formation of
complexes of sorbed ions with functional groups of this ion-exchanger [32, 33].

The composites were tested for removal of Cd** ions from
multicomponent solution containing also hardness ions and organics. The
equipment, which contains details with cadmium coatings, is attractive for
petroleum, automotive, electric and electronic industries especially for
shipbuilding [34]. This is due to variable properties of cadmium coatings: stability
against corrosion, low friction coefficient etc. In owing to high toxicity of
cadmium ions, their removal from electroplating wastes is an important task,

2. Experimental
2.1. lon-exchangers

Such strongly acidic cation-exchanger as (Dow Chemical), which contains
2 % DVB, was used as a polymer matrix. Further the resin is marked as CR.

The modification procedure involved: (i) swelling a weighted amount of the
resin in deionized water; (ii) impregnation with a 1 M ZrOClI; solution for 24 h at 353
K followed by separation of solid and liquid by means of centrifugation: (iii)
treatment with a 1 M H3PO, solution at 273 K and phase separation, washing with
deionized water up to pH 7 of the effluent; (iv) drying under vacuum at 343 K
followed by a treatment with ultrasound at 30 kHz using a Bandelin ultrasonic bath
(Bandelin); (v) drying in a desiccator over CaCl, at 293 K down to constant mass.
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The differences of this technique from [10, 26] is higher temperature of impregnation
with a zirconium-containing solution and lower temperature of ZHP precipitation.

The (i)-(v) procedures were repeated several times, After each modification
cycle, a weighted sample was taken for investigations, The samples, which were
researched in detail, were marked as CR-ZHP-1 (one modification cycle) and
CR-ZHP-7 (seven cycles). The CR-ZHP-0 sample modified one time under room
temperature similarly to [10] was also studied for a comparison.

2.2. Visualization of inorganic particles and polymer heterogeneities

Pretreatment of the ion-exchangers involved their grinding followed by
ultrasonic treatment. TEM images were obtained by means of a JEOL JEM 1230
transmission electron microscope (Jeol). In order to shade heterogeneities of the
polymer, the samples were treated with a 0.001 M CuSOs.

A JEOL JSM 6700 F scanning electron microscope (Jeol) was also used for
ZHP visualization. Preliminarly an ultrathin layer of platinum was deposited onto
the particles at 3 Pa using an JEOL JFC-1600 Auto fine coater (Jeol).

2.3. Porosity measurements

Standard contact porosimetry (SCP) [35-38] was applied to investigation.
Preliminary the samples were vacuumed at 353 K, weighted and put into a paper
tablet. The tablet was placed between two ceramic standards, the set was impregnated
with deionized water at 353 K. The contact between the investigated and standard
samples was provided at 0.1 kPa. During drying at 293 K, the set was disassembled
periodically, each its element was weighted. Based on the experimental results of
mass loss, the pore size distributions as well as isotherms of water adsorption were
plotted taking into consideration a known contribution of the paper.

Archimedes (picnometer) method [39] was also used to determine total
porosity and particle density.

2.4. Functional properties

Total ion-exchange capacity of the materials towards Na® (A) was
determined by their treatment with a 0.1 M NaOH solution followed by washing with
deionized water, regeneration and flame-photometric analysis of the effluent [10].

Electrical conductivity of H-forms of the ion-exchangers was measured at
298 K similarly to [40]. Preliminary additionally sorbed electrolyte was removed
from the solid by multiple washing with deionized water. The sample was placed
into a prismatic cell supplied by platinum electrodes (an area of each electrode
was 2 cm?, a distance between them was 1 cm). The cell with the ion-exchanger
was filled with deionized water. The admittance spectra within the interval of 10
10° Hz were obtained using an Autolab impedance system. The dc conductivity of the
bed was determined from the wide plateau of real part of admittance similarly to [41].
2.5. Electrodeionization

The experimental set-up [7, 13] involved a three-compartment
electrodialysis cell, 3 independent liquid lines, power supplier and measurement
instrumentation. Geometric parameters of the space between the membranes
(central compartment), where the ion-exchanger was placed, were as follows: an
effective membrane area was 16 cm?, a distance between the membranes was 1
cm, a height of the ion-exchanger bed was 16 cm. A top of the cell was opened to
provide a possibility of bed compaction in order to avoid its fluidization.

The electrode compartments were separated from the centre chamber with
homogeneous Nafion 117 cation-exchange membranes (DuPonf). A 1 M H,SO,
solution circulated though the anode compartment, the cathode camera was filled
with a 1 M HCI solution. A volume of both catholyte and anolyte was 200 cm?.
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Tap water containing 1.2 mmol dm® Ca**, 0.5 mmol dm*® Mg®* and also
organics (mainly humates) was used for preparation of a Cd**-containing solution
(0.5 mmol m™ Cd?*) after preliminary acidification down to pH 2.5. The solution
passed through the central compartment according to “once through” scheme with
a flow velocity of 60 cm® min™. The process was performed at 8 V, probes (2 cm®)
from the cathode and central compartments were analyzed with an atomic
absorption method using a Pye Unicam SP9 spectrophotometer.

The EDI processes have been performed for 20 h, in the case of the CR-
ZHP-7 sample the process was repeated 5 times. After each experiment, the ion-
exchanger was removed from the cell, washed with a 1 M H,SO, solution and
deionized water, further this ion exchanger was used again. Particle density of the
samples was determined with Archimedes method after each series of EDI-
regeneration. After the fifth experiment, the sample (marked as CR-ZHP-7-ED)
was investigated using a SCP technique.

The CR-ZHP-7 ion-exchanger (1 g) was also treated with a Cd**-containig
solution of abovementioned composition (1 dm ), regenerated, further its particle
density was determined. This procedure (blanc experiment) was repeated 5 times.

3. RESULTS AND DISCUSSION
3.1. ZHP precipitation inside ion exchange polymer
Zirconium ions forms polymerized hydroxocomplexes in aqueous media,
such as [Zrs(OH)s(H20)16],&* (Where X is the integer), their composition strongly
depends on the solution pH [42, 43]. During impregnation of the resin with a
highly concentrated ZrOCl, solution, a part of species is sorbed according to ion
exchange mechanism. The ion-exchanger contains also both cations (zirconium
hydroxocomplexes as well as H") and anions (CI"), which are sorbed additionally.
Treatment of the impregnated resin with phosphoric acid causes formation
of non-aggregated nanoparticles (10-15 nm) (Fig. 1a). Heterogeneities of the dry
polymer (shaded with Cu?*), from which the clusters are formed during swelling,
are seen in Fig. 1b. Small aggregates of irregular shape (up to 25 nm) are also
visible inside the polymer (see Fig. 1a). These particles can fill voids between gel
fields. Large aggregates of micron size are formed in structure defects (Fig. 1c).
The sample, which was treated with phosphoric acid at low temperature,
shows higher amount of non-aggregated nanoparticles in a comparison with CR-
ZHP-0 (compare Figs. la and 1d). The smallest ZHP particles are dissolved
during precipitation in accordance with Ostwald-Freundlich equation [44]:
In-C _ Ao COSQ. )
RTr

o0

Here C is the compound concentration, C_ is the concentration of saturated
solution, g is the shape factor of particles, v, is the molar volume of the
compounds, o is the surface tension of the solvent, ¢ is the wetting angle, R is
the gas constant, T is the temperature, r is the particle radius. In the case of
hydrophylic compounds like ZHP, cos¢ is assumed to be equal 1.

Since the C and C_ values for insoluble ZHP are extremely low, a size of

the dissolved particles is affected mainly by temperature conditions. Decreasing in
the temperature prevents dissolution of the smallest particles. In the case of higher
temperature, dissolution of small particles and reprecipitation of larger formation
occur. In other words, the control of temperature allows us to obtain ZHP particles
in one or the other pores of the polymer matrix.
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c

Fig. 1. Microphotographs of the CR-ZHP-1 (a-c) and CR-ZHP-0 samples. TEM
images (a, b, d) show non-aggregated nanoparticles of ZHP and their small
aggregates (a, d) as well as heterogeneities of the polymer (b). Large aggregates,
which are located in structure defects are seen in SEM image (c). Decreasing in
the temperature of ZHP deposition allows us to increase the fraction of single
nanoparticles.

Impregnation of the resin with a ZrOCI; solution at elevated temperature
leads to an increase of the modifier content in the polymer and results in a growth
of ion exchange capacity per volume unit ( A, ) of the composites (Fig. 2). This is
evidently due to higher content of zirconium-containing species sorbed according
to non-exchange mechanism. Inconsiderable growth of the ZHP content after the
fifth modification cycle is probably due to formation of secondary porosity inside
the polymer matrix. Small pores between the nanoparticles in the aggregates can
be a barrier against additionally sorbed electrolyte, when the resin is treated with
ZrOCl, or H3PO, solutions.

Increasing in mass fraction (m) of incorporated ZHP causes an increment
of ion exchange capacity. The A, — m plots show 2 regions: slow growth (due to

considerable swelling of the composite [26, 28]) and rapid increase (due to
decrease of swelling).
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Fig. 2. lon exchange capacity of the composites per volume unit as a function of
mass fraction of ZHP. Legend shows temperature of the modifier precipitation.
The curve for the samples obtained under room temperature was plotted according
to data [10]. Increasing in temperature, at which the resin is impregnated with a
ZrOCl; solution, allows us to amplify the content of the inorganic constituent in
the polymer and also to improve ion exchange ability of the composites.

3.2. Porosity of the polymer constituent and isotherms of water adsorption

Since the conditions of thermal pre-treatment before the porosity
measurements cannot provide removal of bonded water from ZHP surface, the
results are related mainly to the polymer constituent.

Particle density of the ion-exchangers ( p,) was calculated as [39]:

& :1—&, (2)
Py
where ¢ is the porosity, p, is the bulk density. Insertion of ZHP predictably
causes an increase of particle density (Table 1).

Table 1
Characteristics of ion-exchangers

EX3

Sample Particle Pore volume, n P/P
density, kg m* Ar cm’em’® Arzo :

mmol g™ mmol g
CR 1750 451 0.92 241 30 <0.20
CR-ZHP-0 1960 1.44 0.69 0.39 6*** 0.99
CR- ZHP-1 2060 1.93 0.79 0.75 13 0.94
CR- ZHP-7 2530 4.29 0.78 0.78 29 0.94
CR- ZHP-7-ED 2120 2.30 0.77 1.11 24 0.21

“Before sharp build-up of the isotherm.
T A =07 cm’ g
“m =0.28 [26].

The exchange capacity per mass unit (A, ) of the composites is lower
comparing with CR. It is evidently due to blockage of transport pores with the
particles. As a result, functional groups are partially unavailable for ion exchange.

Isotherms of water adsorption (A, ;) for the pristine ion-exchanger are

typical for the materials containing a wide spectrum of pores: long plateau at low
P/P, values attributed to micropores (here P is the pressure of water vapour, P,
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is the pressure of saturated vapour), semi-waves (mesopores) and extended
vertical region at P/P, — 1 related to meso- and macropores (Fig. 3). At the same

time, the isotherms for the modified ion-exchangers show mainly micropores.
Meso- and macropores are less expressed in a comparison with the pristine resin.

CR-ZHP-0
sesss CR-ZHP-1

----- CR-ZHP-7

- CR-ZHP-7-ED

(%]

'
I
l
. o0 =10 nr
=1 l. nn ) =2 nm

r=Inm =2nm =5 nm

Ees

ﬂ"-. '

V (em'g")

Vcm
1
=

] — - . 0 - : -
0.0 0.5 1.0 0.0 0.5 1.0

p/p, p/p,
a b
Fig. 3. Isotherms of water adsorption for the pristine resin (a) and composites (b).
Insertion of ZHP into the polymer deteriorates water adsorption.

Horizontal branches of the isotherms are attributed to adsorbate
monolayer. An amount of water molecules (n) in hydrate shells of counter-ions
(H") of —=SO3H groups was calculated as:

n— Ao )
AVi0
for the pristine ion-exchanger and:
AHZO (4)

T AV, o(—m)
for the composites. Here V,, , is the molar volume of water, A, is the exchange

capacity of the pristine polymer. The highest n value has been found for the
pristine ion-exchanger (see Table 1). In general, modification results in a
reduction of this parameter. However, increase of ZHP content causes an
increment of the n value (compare CR-ZHP-0 and CR-ZHP-7).

Let us consider thermodynamic aspects of swelling. Transport pores of the
ion-exchangers contain high amount of counter-ions (H"), which tend to solvation.
It is possible to assume, that there is a solution of concentrated electrolyte inside
transport pores, the “solution” is able to be diluted. This assumption is the closest
to reality, when the ion-exchanger is in a contact with a weakly concentrated
solution or deionized water. In this case, diffusion parts of intraporous double
electric layers are overlapped in clusters. Thus, transport pores are filled with a
“solution” completely. In macroscopic models, the tendency of the “solution® to
be diluted is taken into consideration by a difference between osmotic pressures of
liquids inside and outside granules (Gregor model [45]). It has been postulated,
that the osmotic pressure inside ion-exchanger is higher, when the sample is
equilibrated with a solvent or its vapour. A difference between the pressures is the
swelling pressure, 7. This value has been suggested for the ion-exchangers,
which change their volume freely. According to the Gregor model, the 7
magnitude has not to be related to the swelling pressure of gel in a volume
bounded with rigid walls.
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When water content in the ion-exchanger increases, osmotic pressure
decreases. At the same time, pressure from a side of the polymer net grows. These
pressures become equal under equilibrium conditions.

The interrelation between the P/P, value and swelling pressure, which is

defined from the Gregor model, is written as [45]:

P/P,
Wy, =RTIn . (%)
aHZO
Here a,, , is the activity of water in ion-exchanger, which is associated with free

water. For instance, at A, ,=0.7 mmol g, the P/P, value decreases in the order:

CR-ZHP-0 > CR- ZHP-1 > CR- ZHP-7 > CR. This order can be caused by a
decrease of swelling pressure or water activity.
3.3. Pore size distributions

Insertions of Figs. 4 illustrate integral pore size distributions, namely
dependencies of pore volume (V) on logarithm of pore radius (r). Differential
distributions are given in Fig. 4, An area of each peak corresponds to a volume of
one or another type of pores.

—— (R-7HPO i
- swegpee CR-ZHP-1 ]
- CR-ZHP-7 -,

.I:I
=]

‘o nm
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2 3 4

logr (nm)

M —

10 F

=— (CR-ZHP-0
------- CR-ZHP-1
! === CRZHPY
3

dVid(logr) (em
dV/d(logr). (em'g 'nm™)
al f T ——
b p———

.'~

logr(nm) log r (nm)

Fig. 4. Integral (insertions) and differential pore size distributions for the pristine
resin (@) and composites (b). Modification results in transformation of porous
structure of the polymer constituent.

Regarding the pristine ion-exchanger, several peaks are observed (Fig. 5a).
The broad maximum at logr =0.3 (nm) evidently corresponds to channels, the

narrower peak (logr =0.7 (nm)) is attributed to clusters, the most sharp maximum
at logr =0.7 (nm) is caused by voids between gel fields. The maxima at logr =2.8
and 3.6 (nm) are due to structure defects. The peak at logr >4 (hm) is attributed to

voids between the ion-exchanger grains, these pores will be outside our attention.
The pore size distributions for the CR-ZHP-0 sample demonstrates a shift
of peaks, which are attributed to channels and clusters, towards lower logr values

(to logr=0.2 and 0.5 (nm) respectively). A size of pores, which are free from
functional groups, increases (logr=1.1 (nm) for voids between gel fields,
logr =3.1 and 3.7 (nm) for structure defects).

Increase of fraction of non-aggregated nanoparticles (CR-ZHP-1) causes a
shift of the peaks, which are related to transport pores and voids between gel
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fields, towards a region of higher logr values. These peaks become narrower. The
composite shows broader peaks of structure defects, but a size of these pores
remains without changes.

Regarding the CR-ZHP-7 sample, a size of channels decreases, clusters
become larger in a comparison with CR-ZHP-1. Moreover, these peaks are split.
No change of a size of voids between gel fields has been found, though their
volume increases. At last, the peaks, which correspond to structure defects,
become too broad and practically unexpressed.

Pores, a radius of which is less than 1.5 nm (logr =0.17 (nm)), contain
only bonded water, larger pores contain both bonded and free water [30]. A
volume of larger pores (r>1.5 (nm)) reflects water activity in the ion-exchanger.
Fig. 6 illustrates the volume of these pores for different ion-exchangers (for
equilibrium state) as a function of P/P, value at A, ,=0.7 mmol gt

-1
)

o
e

v (cm':

(o8]

CR-ZHP-1
CR-ZHP-7

CR-ZHP-7-ED

‘ ‘ ‘ , 'CR-ZHPHH
00 02 04 06 08 10 12
P/P,

Fig. 5. Volume of pores, which contain free water (under equilibrium conditions)
as a function of the P/P, ratio, which corresponds to A, ,=0.7 mmol gt

Modification decreases the content of free water.

In a comparison with the pristine resin, the composites are characterized
by lower volume of pores containing free water. Thus, larger P/P, values for the

organic inorganic ion-exchanger can be due to lower a, , magnitude and higher

swelling pressure (see formula 5).
Among the CR-ZHP-0, CR-ZHP-1 and CR-ZHP-7 composites, no
considerable change of the P/P, ratio and volume of pores containing free water

has been found. Thus, the swelling pressure for these samples is practically similar
even under equilibrium conditions (av, ,=-RTIna,, [45]). However, a

difference between the amounts of water molecules of counter-ions is sufficient
(see Table 1). Moreover, a change of pore size is also observed (see Fig.4).

This is evidently due to various swelling pressure in different pores, which
is caused by a presence of ZHP. Indeed, a change of amount of osmotically active
species (counter-ions of hydrophosphate groups) in one or the other pores affects
swelling pressure inside them. If the main amount of ZHP is localized in structure
defects, they are able to squeeze the transport pores and pores between gel fields
(transition from CR to CR-ZHP-0). Lower n value can be due to partial
inaccessibility of transport pores for water adsorption and ion exchange (decrease

H,0
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of ion exchange capacity per mass unit, see Table 1). As a result, the A

magnitude, which is used for calculations, is overestimated.

Preferable deposition of ZHP inside clusters and voids between gel fields
(transition from CR-ZHP-0 to CR-ZHP-1 and CR-ZHP-7) evidently causes higher
swelling pressure inside these pores than that in structure defects. Changes of
swelling pressure inside different pores are evidently compensated (similarity of
the P/P, ratios and free water content). A part of transport pores become

available for water adsorption and ion exchange (increase on the A, and n

values).
3.4. Electrical conductivity

The impedance measurements were carried out for a packed bed. Thus, the
resistance value, which is obtained by this manner, includes also the resistance of
the grain boundaries. In owing to this, the conductivity is evidently less than those
for “monoliths”. However, the data reflect a relative change of conductivity
affected by the inorganic modifier.

Fig. 6 illustrates the dependence of ion-exchanger conductivity (x) on
concentration of free mobile charge (H), i.e. on ion-exchange capacity. In
general, modification leads to the conductivity growth. The samples, in which
ZHP was precipitated at low temperature, are characterized by higher
conductivity, than those modified under room temperature.

In opposite to the composites based on the resin containing 8% DVB [26,
28], all materials demonstrate a build-up of conductivity with increasing of ZHP
content (slow and rapid growth of the x value). Extrapolation of the curve
branches to the abscissa axis gives A <0 (slow growth) and A >>0 (rapid growth).
A slow growth is evidently caused by transformation of porous structure of the
polymer as well as by the modifier, which is characterized by slower ion transport
than the flexible resin. Fast growth of the conductivity can be sue to nanoparticles
inside transport pores, since counter-ions of hydrophosphate groups are involved
into ion transport. However, A>>0 at x =0, this indicates no contribution of
nanoparticle aggregates to the conductivity, since these formations are located
outside transport pores of the polymer.

1.0

—o— T=208 K

R= O T=200K

o - Plot 3 Regr

E 0.5 A CR

‘5 v T=273 K. after ED

Increasing of ZHP amount

0.0

0 1 2

A (mmol em™ )
Fig. 6. Electrical conductivity of the ion-exchangers as a function of their ion
exchange capacity. The curve for the samples obtained under room temperature
was plotted according to data [10]. Legend shows temperature of the modifier
precipitation.

3.5. Electrodeionization
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Fig. 7 illustrates the amount of Cd®* ions in the cathode compartment (n,)

as a function of time (7). As seen, the rate of ion transport through the ion-
exchanger bed and membrane decreases in the range CR-ZHP-7>CR> CR-ZHP-
1> CR-ZHP-0. Among the composites, the order coincides to conductivity (see
Fig. 6). The pristine resin shows higher rate of ion transport in a comparison with
the composites containing low amount of the modifier. This is evidently due to
inhibitory effect of ZHP, which squeeze transport pores of the polymer. Moreover,
movement of species through clusters and channels can be complicated by
additional interaction with functional groups of ZHP. The highest rate of ion
transport, which is observed for CR-ZHP-7, is probably due to high amount of
Cd?* species sorbed by non-aggregated nanoparticles.

In the case of the CR-ZHP-7 sample, the rate of ion transport was found to

be constant. Thus, a flux of Cd®* ions (N, ) calculated as ie dn,

(where A, is the
dr

effective area of the membranes) remains without changes within a wide range of
time. No sufficient change of flux is observed from cycle to cycle of the EDI
processes followed by chemical regeneration (Fig. 8). Residual concentration of
Cd** species in the solution at the cell outlet was 1-2 mg dm™. Thus, the removal
degree reached 96-98 %. Hardness ions are removed simultaneously, however, the
relation of their summary molar concentration to the Cd?* content was 7.4. In the
case of initial solution, this ratio is 3.4.

40 - , - : 32—
CR

CR-ZHP-0
CR-ZHP-1
CR-ZHP-7

30+

O«4Ce

s

—— N,

200+ Ey
—8— p, (regemeration) =
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N, (mol m”

0= p, (regencration)

2200
10+

=, " L " " 28 . - - 2100
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t(h) Number of cyele

Fig. 7. Cd®** amount in the catholyte Fig. 8. Cd*" flux for different cycles

as a function of time. of EDI processes, which involve CR-
ZHP-7, The figure also illustrates
particle density of this sample from
cycle to cycle of EDI- chemical
regeneration and ion  exchange-
chemical regeneration.

The particle density decreases from the first to third cycle of EDI-
regeneration. This shows a diminishing of ZHP amount inside the ion-exchanger.
Further a change of particle density remains within experimental error indicating
constancy of the ion-exchanger composition. No considerable change of particle
density was found for the composite after each cycle of ion exchange followed by
regeneration. Thus, a decrease of the modifier content is affected by electric field.
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3.6. Porous structure of ion-exchanger after ED process

Fig. 9 illustrates differential pore size distributions for the CR-ZHP-7-ED
ion exchanger. In a comparison with CR-ZHP-7, the maximum related to channels
is shifted towards higher rvalues (from logr=0.04 (nm) to 0.15 (nm)) and
becomes more irregular: the peak broadens up to logr =0.5 (nm). Simultaneously,
sizes of clusters and voids between gel fields decreases (from logr =0,77 (nm) to
0.44 (nm)) and from logr=1.2 to 1 (nm) respectively). The peaks, which are
related to structure defects, become more expressed. In general, the pore size

distribution looks similarly to that for the CR-ZHP-1, except the region of
channels.
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Fig.9. Integral (insertion) and differential pore size distributions for the composite
before and after 5 cycles of EDI-chemical regeneration.

Slightly higher content of free water for CR-ZHP-7-ED (lower water
activity) as well as much lower P/P, ratio (see Fig. 5) indicates lower swelling

pressure for this sample in a comparison with CR-ZHP-7. Higher amount of water
molecules in hydrate shells of counter-ions (see Table 1) is due to shrinkage of
small pores.

Thus, fragmentation of ZHP aggregates occurs during EDI processes, they
partially leave the polymer phase, however, a part of them appears in widening of
the smallest pores of the polymer constituent. As a result, no considerable change
of electrical conductivity of the samples has been found (see Fig. 6, compare CR-
ZHP-7 and CR-ZHP-7-ED) despite a decrease of ZHP content. The nanoparticles
can move through the polymer due to electrophoresis. Moreover, the particle
movement can be affected by a convective flow of the solution inside pores.

4. Conclusions

Impregnation of ion exchange resin with a ZrOCI; solution under elevated
temperature allows us to obtain high amount of ZHP due to precipitation from
additionally sorbed electrolyte. At the same time, a decreasing in temperature, at
which precipitation occurs, promotes formation of non-aggregated nanoparticles
in transport pores of the ion exchange polymer.

Insertion of the inorganic constituent into the flexible resin leads to
transformation of porous structure of the polymer, this is probably due to different
swelling pressure in transport and non-transport pores. From a formal point of
view, modification could be considered as an increasing of the content of cross-
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linking agent, since the composites demonstrate more considerable swelling
pressure and ion exchange capacity per volume unit in a comparison with the
pristine resin. In opposite to cross-linking agent like DVB, ZHP enhances
electrical conductivity of the resin. This is evidently due to participation of
counter-ions of hydrophosphate groups in ion transport. Only nanoparticles in
clusters contribute to the conductivity, the aggregates, which are located outside
transport pores, behave as inert filler.

The composite with a maximal ZHP content provides a constancy of ion
flux towards concentration compartment and high removal degree of Cd*" ions
during EDI process. Ca** and Mg®" ions are removed simultaneously, however,
they dominate in the effluent. For deeper deionization, particularly for the most
complete removal of Cd** ions, reverse osmosis is recommended.

Partial release of ZHP from the ion-exchanger and redistribution of the
particles inside the polymer occur during the first 40 h of the EDI process,
However, no change of the composite conductivity have been found. This
indicates destruction of aggregates and stability of nanoparticles in transport
pores. Electrochemical method can be recommended for removal of aggregates
from ion exchange material, such as orgamic-inorganic membranes.
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Abstract

This research focuses on the relationship between Fe** and Mg?* reduction with various sizes
of inoculum. Three sizes of inoculum were applied such as 5% (v/v), 10% (v/v) and 15% (v/v)
in the tube test by batch system. Antiseptic and sterilization technique were applied to avoid
contamination, and anaerobic condition was archived by degassing using nitrogen gas into all
of the tubes. The growth rate (h™) of C. butyricum also has influenced the size of inoculum
and indirectly affected the reduction of Fe** and Mg”*. The results showed that the smallest
size of inoculum and growth rate (h™), gave the higher rate of reduction. The 5% (v/v) of
inoculum size with 0.034 h™ growth rate gave 96% reduction of Fe** and 38% reduction of
Mg**. Meanwhile, for 10% (v/v) size of inoculum with 0.042 h™* gave 86% reduction of Fe**
and 26% of Mg”* reduction. Besides that, 15% (v/v) size of inoculum with higher growth rate
(0.065 h™") gave the lowest reduction of Fe** (26%) and Mg** (16%). As a conclusion, small
inoculum size gives highest metal reduction.

Keywords: C.butyricum, Fe3+, growth rate, leachate, Mg2+

Introduction

Municipal solid waste (MSW) is an unwanted or useless solid waste produced in daily
activity of a community in a given area [1]. While, leachate is a liquid that results from
sanitary MSW landfill [2]. Leachate from landfill is characterized by high concentration of
organic matter (biodegradable and non-biodegradable), ammonia nitrogen, heavy metals, and
chlorinated organic and inorganic [3]. It is found that in most leachates also contain Fe** and
Mg**. One of the objectives of this study is to reduce metals in a leachate which is contained
Fe** and Mg®* because metals is a containment.

From previous studies, it was found that there were several bacteria that can tolerate
and favour growth in the presence of Mg”** and Fe**. According to G. M. Gadd (2010), many
metals is essential for life, for example Na, K, Cu, Zn, Co, CA, Mg, Mn and Fe [4]. From that
perspective, sulfate reducing bacteria (SRB) are highly dependent to Mg?* [5]. There are also
bacteria that can grow anaerobically by using Fe** as an electron acceptor [6].
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Fe** has diverse functions in bacterial cells, which influences cell composition,
intermediary metabolism, secondary metabolism, enzyme activity and host cell interaction
which can induce pathogenicity [7]. On the other hand, Mg is essential for bacterial
protoplasm synthesis, cell division and normal cell activity [8].

Methods

Leachate collection

Leachate sample was collected from the PBLS located in the northern region of Malaysia.
This landfill is located in Byram Forest Reserve, Penang, Malaysia. The leachate was taken from
the semi-aerobic pond, transported to the laboratory and stored within the temperature of 4°C in
order to minimize the biological reaction.

Leachate characterization

Leachate sample was characterized for several properties like COD, BODs, pH, TOC,

Fe** and MgZ+, nitrogen content, and phosphorus content. All the parameters were conducted
thrice following Standard Method of Water and Wastewater [9].

Culture and inoculum

The bacteria used in this research was C. butyricum (NCIMB 7423) grown in the
media containing 10 g/L of glucose; 10 g/L of yeast extract; 2.5 g/L of KH2POs; 5 g/L of
NH4SOs; and 0.05% (w/w) of resazurin. The culture was incubated in the oxygen-free
environment at 37°C and pH of 6.5. The pH was adjusted by using sulfuric acid and sodium
hydroxide. The size of inoculum used was 10% of the fermentation size and every subculture
of the bacteria will take during 24 hours of the incubation time. Synthetic media which
contain above described nutrient was used as an inoculum while leachate was used as a
substrate in a fermentation.

Biodegradation

Biodegradation by these bacteria was performed in the 8ml working volume tube at
37°C and pH of 6.5. The optical density (O.D.) of the bacteria was carried out by using a
spectrophotometer at 660 nm and converted to biomass by using cell dry weight method.
Substrate used in this research was pre-treated leachate with the toxicity removed by using
calcium carbonate treatment.

3+ 2+ .
Fe” and Mg analysis
Both ions were analysed by using inductively coupled plasma (ICP) and the
experiments were conducted thrice according to Standard Method of Water and Wastewater
(APHA, 2005). From the results of metal analysis, the following mass balance was
constructed:
MT = Ma + (Mbc + Mbs) + Mr

MT stands for total metal in culture, whereas Ma is the cellular uptake of metal. Mbc
represents metal bound by capsular polymer, Mbs is metal bound by soluble polymer and Mr
represents free metal in solution.
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Result and Discussion

Leachate Profile

Table 1: Leachate profile

No Type In leachate Unit
1 pH 8.35+05 -

2 Chemical Oxygen Demand (COD) 0.917+£0.5 g/L
3 Biochemical Oxygen Demand (BOD) 0.254+£0.5 g/L
4 Total Nitrogen (TN) 0.140+£ 0.5 g/L
5 Total Organic Carbon (TOC) 0.111+£0.5 g/L
6 Phosphorus 0.0036 £ 0.5 g/L
7 Magnesium, Mg*" 82.45 ppm
8 Iron, Fe* 2.12 ppm

Table 1 shows the leachate profile used in the study, both Fe** and Mg2+ were detected in this
sample. The pH measurement of the sample was at 8.35 + 0.5, thus, indicated high alkalinity
in the leachate properties. It was adjusted to pH 6.5 before the experiment was started. The
rate of biodegradability was 0.3 (BOD/COD).

Relationship between growth of C. butyricum and Fe** reduction

The initial reading of Fe** in the leachate sample was 2.12 ppm detected by ICP-MS.
However, C. butyricum cannot directly being induced to the leachate due to the toxicity.
Therefore, a pre-treatment of the leachate has been done, which also reduce the concentration
of the Fe** to 1.72 ppm and the value is taken as the initial leachate.

Figure 1: Relationship between growth of C.butyricum and Fe** reduction

0.6 1.5 .
;_'.: g —&— 5% (v/v) size of
&304 - O inoculum
v 3 =
E 0.2 NC~ 0.5 -§ E  _m10% (v/v) size of
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Table 2: Values of p and amount of Fe** reduction

Size of N Amount of Fe**
inoculum (h-1) reduction (ppm)
(v/v)
5% 0.034 1.57
10% 0.042 1.47
15% 0.065 1.36

Fig 1 showed the relationship between the growth of C.butyricum and Fe** reduction by 5%
(v/v), 10% (v/v) and 15% (v/v) size of inoculum. When the growth of bacteria increased, the
ion reduction decreased. Lag phase occurred during the beginning of the experiments from 0
to 1 hour. At this phase, C.butyricum tried to adapt to the new environment so that the growth
is slower. Then, the process continued to log phase up to 4 hours and underwent stationary
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phase. C.butyricum growth increased rapidly at log phase due to the sufficient nutrients and
minerals supplied for the bacteria to grow and the bacteria finally can adapt to the
environment. Stationary phase occurred due to the depletion of nutrients and minerals, then
the substrate started to become toxic to the bacteria. Bacterial specific growth rates, |, were
calculated during the phase of exponential growth under standard nutritional condltlons The

values of p for 5% (v/v), 10% (v/v) and 15% (v/v) size of inoculum were 0.034 h , 0.042 h

and 0.065 h , respectively as shown in Table 2. From Table 2, the ion was removed most
efficiently at low specific growth rates, .

According to Fig 2, the percentage of removal of Fe®" were 91.6%, 85.5% and 79.4% for the 5%
(v/v), 10% (v/v) and 15% (v/v) sizes of inoculum, respectively. The highest percentage in the
removal of Fe** was by using 5% (v/v) size of inoculum. It showed that only a small quantlty
of inoculum concentration was required to give an efficient result for the removal of Fe®*

Figure 2: Percentage of Fe** reduction

100
Percen:cage of 5% Inoculum
Reduction (%)
0 B 10% Inoculum

B 15% Inoculum

Relationship between growth of C.butyricum and Mg2+ reduction

The |n|t|al reading of Mg be|ng detected by ICP-MS was 82.45 ppm. After pre-treatment,
Mg was reduced to 19.61 ppm. Fig 3 shows that when the growth of C.butyricum increased,
the Mg~ decreased. While, Table 3 shows that low p significantly reduce the ion even more.
Thus, 5% (v/v) size of inoculum was effective in removing the ions from leachate which was
7.47 ppm compared to 10% (v/v) and 15% (v/v) sizes of inoculum which were 5.01 ppm and
3.19 ppm, respectively.

According to Fig 4, the reduction of Mg was calculatezd by its percentage for the difference
size of inoculum. It is observed that the reduction of Mg~ in leachate for 5% (v/v), 10% (v/v)
and 152% (v/v) size of inoculum was 38.1%, 25.6% and 16.3%, respectively. The percentage
of Mg removal was not very effective as it not achieve more than 50% removal efficiency
compared to Fe** removal. Nevertheless, from Fig 4, it stated that the 5% (v/v) size of

inoculum used in the fermentation was the best to reduce Mg

Figure 3: Relationship between growth of C.butyricum and Mg2+ reduction
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Table 3: pand amount of Mg2+ reduction

Size of inoculum n Amount of Mg”*
(v/v) (h?) reduction (ppm)

5% 0.034 7.47

10% 0.042 5.01

15% 0.065 3.19

Figure 4: Percentage of Mg2+ reduction
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Mass Balance

An estimation of the mass balance of metals for the fermentation in different concentration of
inoculum was made using the total metal in leachate sample and the free metal in leachate
sample after the fermentation.

MT = Ma + (Mbc + Mbs) + Mr

where, MT = total metal in culture; Ma = cellular uptake of metal

Mbc = metal bound by capsular polymer; Mbs = metal bound by soluble polymer
Mr = free metal in solution; Ma, Mbc and Mbs will be considered as “X".

Table 4: Mass balance of metals of Fe** and Mg2+

Varia  Size of Metal Free metal in Total metal
ble inoculum  removed, Solution (Mr) in
v/v (Ma, Mbc, Ppm leachate
Mbs) (MT) ppm
ppm
5% 1.58 0.14
Fe* 10% 1.47 0.25 1.72
15% 1.37 0.36
5% 7.48 12.13
mg** 10% 5.02 14.59 19.61
15% 3.20 16.41

Conclusion

Low growth rate cause the bacteria to be more stress due to the metals that contained in the
leachate. In conjunction, the bacteria will produce extracellular polymeric substances (EPS) to
protect them from metals. Directly, this situation causes higher production of EPS at low
inoculum size compared to higher inoculum size. EPS which is negatively charged react with
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Fe** and Mg?* producing EPS-complex salt. This complex then precipitated leaving the cell
unprotected which induces the cell to produce more EPS in order to protect them from metals
until the concentration of metals in leachate becomes suitable for bacteria to survive.

Furthermore, low inoculum size indicates that less amount of cell being introduced
into leachate which means that C.butyricum have plenty of nutrient and larger space in
leachate to grow compared to high inoculum size. They need to replicate to produce new cell
which needs nutrient. Fe** and Mg?* was used by the cell resulting in lowering content of
these metals in leachate. As a conclusion, low inoculum size give a high rate reduction of Fe®*
and Mg*" in leachate.
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Introduction

The study intends to evaluate the Differential scanning calorimetry (DSC) information, XRD and
Raman analysis correlated with structural transformations that occur during heat treatment at
temperatures of 850°C of ay titanium aluminide. The heat treatment consists from 100 hours of
exposure at 850°C. At the end of experiments, the structure transformation and oxide coatings
formation are evaluated by SEM/EDS microscopy and Raman spectroscopy.

Differential scanning calorimetry analysis highlights the influence of heating rate at different
temperature levels on oxidation process.

The DSC curves of the TiAl based alloy for heating rate of 5 ° C and 15 ° C / min show that
oxidation initiated at a few degrees below the 995 and 997 ° C respectively. Identification of
oxidation products was performed by X-ray diffraction and Raman spectroscopy analysis. The
oxide layer formed on the surface of the heated specimen 5 and 10 © C / min. was peeled partially
on the surface thereof. Therefore kinetic measurements made by Kissinger method using the peak
temperature of the exothermic oxidation effects are strongly affected by the exfoliation. To
determine the oxidation products and properties of oxide layers resulting from thermal oxidation
have used different characterization techniques:morphology and elemental analysis of oxide films is
performed with SEM and EDX. Identify types of oxides resulted after thermal oxidation was
performed by Raman spectroscopy and X-ray (XRD).

Experimental details

Cast samples of titanium aluminide alloy were used in this study, having the chemical composition
in Table 1. The samples for mechanical tests were made by Electrical Discharge machining because
of material hardness.

Table 1 Chemical composition of tested material (at%)

Elem. AlKo | TiKa VKo | NbKa

% at. 30.48 | 63.09 1.93 4.5

The heat treatment consists from 100 hours of exposure at 850°C and were carried out in a
Vulcan™ 3-130 Ney furnace. Prior the oxidation experiments, the crucibles holding the specimens
were heated at 1000 °C until a constant weight was obtained. Three specimens for each type were
oxidized in these conditions to probe reproducibility of the measurements. The oxidation weight-
gain data were recorded by means of an analytical balance (accuracy +0.1 mg).
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At the end of experiments, the structure transformation and oxide coatings formation are evaluated
by SEM/EDS microscopy with a microscope FEI Inspect F 50 high-resolution, field emission,
equipped with energy dispersive spectroscopy (EDS) analysis and Raman spectroscopy by means of
a LabRam HR spectrometer (Jobin-Yvon—Horiba) over 100-1200 cm™ range.

Prior to oxidation experiments was done a Differential scanning calorimetry (DSC) analysis of base
material in order to rapid characterization of base material to oxidation at this temperature. This
experiment was done using APS TG-DSC-DTA SETARAM LabSys Evo 1600, in air, at heating
rates and cooling rates of 5, 10, 15 si 30°C/min., respectively up to 1050°C.

Results and disscutions

Differential scanning calorimetry analysis highlights the influence of heating rate at different
temperature levels on oxidation process. The DSC curves of the TiAl based alloy illustrated in
Figure 1 for heating rate of 5 ° C and 15 ° C / min show that oxidation initiated at a few degrees
below the 995 and 997 ° C respectively. Identification of oxidation products was performed by X-
ray diffraction and Raman spectroscopy analysis. The oxide layer formed on the surface of the
heated specimen 5 and 10 ° C / min. was peeled partially on the surface thereof. Therefore Kinetic
measurements made by Kissinger method (Figure 2) using the peak temperature of the exothermic
oxidation effects are strongly affected by the exfoliation.
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Figure 1 DSC curves for two heating Figure 2 Kissinger dependence RIn(BT
rates 5°C and 15°C 2)=f(T*) where P is heating rate 5,10,15 and

30°C respectively

To determine the oxidation products and properties of oxide layers resulting from thermal oxidation
at 850°C have used Raman and XRD Spectroscopy analysis. The obtained results are presented in
figures 3.

After exposure at 850 °C for 100h, surface of the base alloy is covered with small oxide grains
consisting in two types of morphologies, i.e. TiO, as rutile and Al,O3 (z1 and z2 in Fig. 3).
Thickness of the thermally grown oxide (TGO) layer is estimated around 20-25 pm.
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Figure 3 The ESM iiz smple aer 100hours at 850°C

X-ray diffraction (XRD) data were collected using a Rigaku Ultima IV diffractometer, with Cu Ka
radiation, operating at 40 kV and 30 mA equipped with Thin Films attachment for grazing
incidence X-ray measurements, at an incidence angle ®=0.5°. The XRD data were recorded at room
temperature at a rate of 5° (20)/min over a range of 10— 70°. Rigaku's PDXL software package,
connected to the ICDD database was used for the phase identification.
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Figure 4 XRD curve spectra performed after 100 ~ Figure 5 Raman spectra before and after
hours of oxidation at 850°C heating al 850°C

The X-ray diffractogram and Raman spectrum [1] in Fig.4 and 5 confirmed that the mostly
rutile polymorph of the TiO, is formation. The X-ray reflections at 43.47 and 62.85 (20) in Fig. 4
are assigned to NbO (DB card no 00-043-1290). According to the X-ray calculations, large rutile
crystallites of 268 A are formed on the surface of the o,,. Also, literature data for the oxidized TizAl
alloys with various additions of Nb and V reported formation of predominant TiO, (rutile phase)
and minor Al,O3 and NbO, [2,3,4, 5, 6,7]. The lower oxidation temperature used, the lower
temperature Al,O3 phases, teta and/or delta, are formed [7].

The thickness of TGO formed during 100 hours of exposure at 850C explain the mass gain results at
about 2,5mg cm™. The square of the mass gain increases linearly with the oxidation time figure 6,
satisfying the parabolic kinetics law (Amzzkpt), as early reported Taniguci et al. [8].
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Figure 6 Mean mass gain of the alloy as a parabolic plot
Conclusion

The DSC analysis is useful technic for estimation of oxidation behaviour of titanium

aluminide at temperature less 1000°C.

The oxidation of alfa titanium aluminide take place after parabolic low, because of mixt

oxide titanium aluminium formation to the surface.
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Abstract

The present geochemical study is focused on famous gem-quality chrysoprases
deposits in terms of commercial quantities in the five different regions of Turkey (from
west to east; Biga-Canakkale, Ikizce-Bilecik, Sivrihisar-Eskisehir, Oltu-Erzurum,
Savur-Mardin). Chrysoprases in these regions are found in different geological zones.
Therefore, the initial crystallization temperatures of the solutions responsible for genesis
of the fine fibrous green cryptocrystalline silica are interesting and can be determined
using a geochemical graphical modeling technique. Oxygen isotope analyses (SMOW)
(using EA-IRMS) of the investigated chrysoprase materials of the five different mine
deposits range between 50 = 21.3%o and 30.7%o. In addition, the analyses of their
water contents range between §'®0 = -8%o and 4%.. When the data are modeled
graphically, the initial temperature of the formation of the investigated chrysoprases
from Turkey can be determined as ~125 °C for those of the Biga (Canakkale) deposit
occurring in the cracked zone between schist and serpentinite, ~83 °C for those of the
Ikizce (Bilecik) deposit occurring in the crevices and large vacancies in dacite and
andesite, ~74 °C for those of the Sivrihisar (Eskisehir) deposit occurring in the crevices

and large vacancies in sandstone, ~99 °C for those of the Oltu (Erzurum) deposit

occurring in the cracked zone between flysch and serpentinite, and ~66 °C for those of
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the Savur (Mardin) deposit occurring in the crevices and large vacancies in sandstone.
The chrysoprases from the cracked zone in serpentinites have higher degrees of

temperature compared to those from the crevices in sandstones and volcanics in Turkey.

Key-words: Natural chrysoprase, oxygen isotope analyses (SMOW), initial

microcrystallization temperatures, geochemical graphical modelling technique, Turkey.

1. Introduction

The application of oxygen isotope geochemistry to mineralogy provides a much
needed foundation for radiogenic isotope and initial crystallization temperature
approaches of silica minerals. Since oxygen isotope fractionations at low and moderate
temperatures can be determined, there is a demand for high analytical precision in order
to recognize and interpret small variations in isotopic rations (IAEA, 2004; Bindeman,
2008).

Chrysoprase is cryptocrystalline, which means that it is composed of crystals so fine
that they cannot be seen as distinct particles under normal magnification, and consists
mainly of fibrous radial quartz (optical length-fast chalcedony). Chrysoprase,
chrysophrase or chrysoprasus is a gemstone variety of chalcedony. Its color is normally
apple-green but varies to deep green (Frondel, 1978; Miehe et al., 1984; Rossman,
1994; Back & Mandarino, 2008). The origin of its name is Greek for “gold leek”
(Mitchell, 1979). Cut and polished chrysoprases have been used since ancient times and
are found as architectural objects (artifacts). Chrysoprase has been identified in ancient
Egyptian artifacts (Lucas, 1989). In addition, chrysoprase was used as a decorative

stone during the European Middle Ages. Only two economical locations of chrysoprase
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are currently known in Europe. Both of them are in SE Poland, namely the Szklary and
Wiry mines (Sachanbinski et al., 2001). Today, worldwide commercial deposits of gem-
quality chrysoprase are mainly located in Australia (Nagase et al., 1997; Befi, 2009),
Poland (Sachanbinski et al., 2001; Skrzypek et al.,, 2003, 2004), Kazakhstan
(Sachanbinski et al., 2001; Witkowski & Zabinski, 2004), Brazil (Komov et al., 1994),
Tanzania (Witkowski & Zabinski, 2004; Shigley et al., 2009; Graetsch, 2011), and
Turkey (Hatipoglu et al., 2011; Ayvacikl et al., 2012).

Chrysoprase occurs on almost all continents, but an understanding of its material
genesis has proved to be problematic regarding geochemistry. The most important
discussed factors are the temperature and origin of the solutions responsible for
formation of chrysoprase. To reveal these factors, oxygen isotope has been used in this
study. Giuliani et al. (2000) used 5'%0 values to understand the actions of hydrothermal
fluids in which emeralds crystallized. They noted that 5*%0 values of solutions could be
ruled by (i) the composition of the rocks, (ii) the fluid-rock interactions, and (iii) the
temperature of the fluid.

When the various geological formation conditions in Turkey are considered, it is
highly probable that there exist many chrysoprase-bearing localities as mining fields, in
terms of commercial quantity, are found in about five different regions of Turkey: Biga
(Canakkale), Ikizce (Bilecik), Sivrihisar (Eskisehir), Oltu (Erzurum), and Savur
(Mardin). These locations and their typical chrysoprase samples are shown in Fig. 1.

The paper aims to compare and contrast the initial formation temperatures using the
geochemical graphical modeling technique according to the oxygen isotopic data
(SMOW) of these chrysoprases. This paper is also going to be a first study to compare

the isotopic data from the chrysoprases of different regions in Turkey.
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2. Materials and methods

The investigated chrysoprase samples with various green hues were collected from
the five different geologically occurring deposits in Turkey: from west to east, Biga
(Canakkale), Ikizce (Bilecik), Sivrihisar (Eskisehir), Oltu (Erzurum), and Savur
(Mardin).

Some basic gemmological characterization tests were carried out on the all
investigated chrysoprase samples (Table 1). Firstly, the average specific gravity (SG)
values were measured using an electronic balance scale (measurement sensitivity of
0.001 g) with an SG Kit, based on the formula [SG = W(air) / W(air) - W(water)].
Secondly, the optical character, optical sign, and refractive indexes were determined by
the “spot” method, using an Eickhorst SR/XS standard refractometer device with an
optical contact liquid of 1.79 RI and a quartz lamp with a wavelength of 589 nm.
Thirdly, ultraviolet (UV) photo-luminescence reactions of Biga chrysoprases were
observed using a System Eickhorst UV 240 shortwave (255 nm) and longwave (366
nm) 4W UV lamp. Finally, cleavage, hardness, and luster features were observed by
eye. All gemmological data were obtained in the Dokuz Eyliil Gemmological Test
Laboratory (DGL), Izmir (Turkey).

Polarizing microscope images of thin sections of the investigated chrysoprases were
obtained using an Olympus BX41 binocular polarizing microscope with a high-intensity
6V, 30W halogen light source combined with U-CPA and U-OPA optical systems after
thin sections of the samples had been mounted on glass lamellae. The investigation was
performed in the Optical Mineralogy Laboratory of the Department of Geology at

Dokuz Eyliil University, Turkey.
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The base silica-building components of the investigated chrysoprases were detected
from X-ray powder diffraction patterns made using a Cubi-XRD device with a Cu tube
and a graphic monochromotor. The d-spacing [A°] diffraction matchings using the
comparative matching technique are based on the positions of peaks with relative
intensities [%(1/10)>2], 2-theta values below 70°, and a tolerance range of +0.01. The
FWHM values were calculated using the Broker AXS diffract plus software. The
samples were analyzed with Cu radiation and a 0.3 mm collimator at atmospheric
pressure for 10 min each in the range between 5 and 70° 2-theta in the material research
laboratory of the Western Anatolian Cement Factory in izmir (Fig. 2).

Chemical analyses of the investigated chrysoprase samples utilized XRF for major
oxides, ICP-AES for trace elements, and WST-SIM to determine ignition losses. These
analyses were performed under contract by the accredited ALS Chemex Laboratory in
Canada.

Studies of stable oxygen isotopes of the investigated chrysoprase samples were
made using Elemental-Analysis-1sotope-Ratio Mass Spectrometry (EA-IRMS) in the
MAM-Laboratory of TUBITAK (Gebze-Turkey). A CO,-laser ablation preparation
technique was applied for oxygen isotope analyses. After this, the obtained CO, was
contributed to a mass spectrometer, and the oxygen stable isotope ratio (5'0) was
measured (with precision of +£0.05 %o). Values are quoted relative to SMOW with

precision of £0.35%o.

3. Results and discussion

First of all, we characterize the five different chrysoprases from Turkey, defining

their constitutive silica building phases using several destructive and non-destructive
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analytical techniques. Especially when the gemmological features as well as the other
verifying results (Table 1) of the investigated chrysoprase samples are considered, it can
be stated that the chrysoprases from Turkey (Fig. 1) have a typical microcrystalline
structure with pores (called chalcedonic-quartz) (Miehe et al., 1984; Rossman, 1994;
Shigley et al., 2009; Graetsch, 2011; Hatipoglu et al., 2011). Polarizing microscopic
examination reveals that the investigated chrysoprases consist of a fibrous silica matrix
and, in some of them, centrally located inclusions of crystalline silica. The identification
of the silica matrix was also confirmed by X-ray powder diffraction data using the
comparative matching technique. The X-ray diffraction patterns (Fig. 2) of the
chrysoprase samples of the five different regions in Turkey show typical
microcrystalline length-fast quartz (chalcedonic quartz) peaks.

Table 2 shows the chemical bulk contents of the chrysoprases belonging to the
investigated five different regions. Thus, it can be stated that the chemical bulk contents
are characteristic for every chrysoprase deposit and certainly reflect the origin of the
solutions responsible for the formation of these chrysoprases. These bulk contents are
similar when compared and contrasted to chrysoprase samples from Poland,
Kazakhstan, Australia, and Tanzania (Sachanbinski et al., 2001; Skrzypek et al., 2003,
2004).

Even though measuring O-18 values in silicate minerals is difficult and hazardous
due to the difficulty in breaking Si-O-Si bonds, stable oxygen isotope values were
safely obtained from the five different chrysoprase samples. It is seen that the oxygen
isotope analyses (SMOW) of the chrysoprase materials in the five different mine
deposits range between 50 = 21.3%o and 30.7%o. In addition, the analyses of their

water contents range between 820 = -8%o and 4%o.
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When the data are modeled in a graphic (Fig. 3), the initial temperature of the
formation of the investigated chrysoprases from Turkey can be determined, from lower
to higher temperatures, as ~66 °C for those of the Savur (Mardin) deposit occurring in
the crevices and large vacancies in sandstone, ~74 °C for those of the Sivrihisar
(Eskisehir) deposit occurring in the crevices and large vacancies in sandstone, ~83 °C
for those of the Ikizce (Bilecik) deposit occurring in the crevices and large vacancies in
dacite and andesite as ~99 °C for those of the Oltu (Erzurum) deposit occurring in the
cracked zone between flysch and serpentinite, and ~125 °C for those of the Biga
(Canakkale) deposit occurring in the cracked zone between schist and serpentinite.

As can be seen from Fig. 3, the 8180(SMOW) values are not related to the geological
positions of the chrysoprases analyzed. On the other hand, the chrysoprases from the
cracked zone in serpentinites have higher degrees of temperature than do those from the
crevices in sandstones and volcanics. This might be related to the origin of water or to
the water to rock ratio (Skrzypek et al., 2003).

The chrysoprases from Turkey also have high & *%0. Skrzypek et al. (2003) also
observed high oxygen isotope ratios from the Wiry and Szklary mines. They noted that
these high values were due to the precipitation of mixed solutions of meteoric at
pneumo-hydrothermal conditions.

In addition, similar values were obtained by Kolodny and Epstein (1976), who
studied deep-sea sediments.

Skrzypek and his colleagues (2003) have the following temperatures of
crystallization of chrysoprase. Under oxygen isotope equilibrium with 5'%0 of water, a
range from -8 to 4%o has been calculated: from 5-55 °C to 40-115 °C (Szklary); from

10-60 °C to 40-110 °C (Wiry); from 20-75 °C to 25-85 °C (Marlborough Creek), and
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from 30-95 °C (Sarykul Boldy). Summing up, the estimated isotope temperature of the

crystallization of chrysoprases ranges from 5 to 132 °C (Skrzypek et al., 2003, 2004).
As a result, some important worldwide gem-quality chrysoprase samples, such as

those from Poland, Kazakhstan, and Australia, probably precipitated from warm

solutions at similar conditions.

4. Conclusions

Measurements of initial microcrystallization temperatures using the geochemical
graphical modeling technique are simplifier when they compare and contrast with data
from studies using existing methodologies.

Stable oxygen isotope data were obtained from five different chrysoprase samples in
Turkey. It is seen that the oxygen isotope analyses (SMOW) of the chrysoprase
materials ranges between 50 = 21.3% and 30.7%. Accordingly, initial
microcrystallization temperatures measured using the geochemical graphical modeling
technique are found to be ~66 °C (the lowest value) for those of the Savur (Mardin)
deposit occurring in the crevices and large vacancies in sandstone and ~125 °C (the
highest) for those of the Biga (Canakkale) deposit occurring in the cracked zone
between schist and serpentinite. The others have interval values among them. Thus, we
state that these chrysoprases do not have a syngenetic origin temperature during the
coagulation of microcrystalline silica from silicic-acid (HsSO,4). These differences are
probably caused by the mixture of meteoric and magma genetic waters in the
subsequent hydrothermal stages of the alteration and dissolving of the surrounding

rocks.
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TABLES

Table 1. Some essential gemmological measurements of the investigated natural

chrysoprases.
Chrysoprases from Turkey
Basic
gemmological Biga ikizce Sivrihisar Oltu Savur

measurements | (Canakkale) | (Bilecik) | (Eskisehir) | (Erzurum) | (Mardin)

Specific
2.56 gricm® | 2.58 gricm® | 2.54 gr/cm® | 2.59 gr/cm® | 2.52 gr/cm®
Gravity (SG)

Optical Anisotropic, | Anisotropic, | Anisotropic, | Anisotropic, | Anisotropic,
Character Uniaxial (+) | Uniaxial (+) | Uniaxial (+) | Uniaxial (+) | Uniaxial (+)
Refractive No=1.54 No=1.54 No=1.54 No=1.54 Now=1.54
Index (RI) Ne=1.55 Ne=1.55 Ne=1.55 Ne=1.55 Ne=1.55

Luminescence

against UV None None None None None
excitation

Cleavage None None None None None
Hardness 6.75 6.50 6.75 6.75 6.75
Luster Vitreous Vitreous Vitreous Vitreous Vitreous
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Table 2. Chemical bulk analyses of the investigated natural chrysoprases in the mining

deposits in terms of commercial quantities in about five different regions of Turkey.

Instrument
Chrysoprase

Oxides (XRF)

wt% | Detection Biga Ikizce Sivrihisar Oltu Savur

limits (Canakkale) | (Bilecik) | (Eskisehir) | (Erzurum) | (Mardin)

SiO, 0.01 % 95.50 90.11 91.19 93.03 92.02
TiO, 0.01 % 0.02 <0.01 <0.01 0.04 <0.01
Al,O3 0.01 % 0.99 0.76 1.03 0.78 1.21
Fe,Os; 0.01 % 1.98 3.43 1.27 2.23 1.56
NiO 0.01 % 1.04 0.56 1.34 0.72 0.67
MnO 0.01 % 0.03 <0.01 <0.01 0.02 0.01
MgO 0.01 % 0.12 0.70 0.14 0.62 0.11
CaO 0.01 % 0.06 0.08 0.02 0.87 0.04
Na,O 0.01 % 0.13 0.01 1.08 0.05 1.01
K;0 0.01 % 0.18 0.02 0.38 0.23 1.56
P,0s 0.001 % 0.013 0.007 0.002 0.024 0.006
Cr03 0.01 % 0.15 0.34 0.07 0.34 0.08
Sro 0.01 % 0.01 0.02 0.05 0.02 0.08
BaO 0.01 % 0.01 <0.01 <0.01 0.01 <0.01
LOI 0.01 % 0.64 2.92 1.76 0.79 1.98
Total 0.01 % 100.87 98.96 98.33 99.77 100.34
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Table 3. 8180(SMOW) values and geological surrounding rocks of the investigated natural

chrysoprases in the mining deposits in terms of commercial quantities in about five

different regions of Turkey as well as 8180(5M0W) value of waters which present during

formation of the chrysoprases. As a result, initial temperatures of formation obtained

from Fig. 3.
Gem-
8"°0Osmow) Initial
Chrysoprase ﬁlgo(smow) Geological
of Temperature
deposits in of Water Surrounding Rocks
Chrysoprase of Formation
Turkey
Biga Contact zone between
21.3%o 4%o ~125°C
(Canakkale) schist and serpentinite
Crevices and large
ikizce (Bilecik) 27.1%o 1%o ~83°C vacancies in dacite
and andesite
Crevices and large
Sivrihisar
29.4%o -6%o ~74°C vacancies in
(Eskisehir)
sandstone
Oltu Cracked zone between
23.9%o 2%o ~99°C
(Erzurum) flysch and serpentinite
Crevices and large
Savur
30.7%o -8%o ~66°C vacancies in
(Mardin)
sandstone
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Fig. 1. The mining deposits in terms of commercial quantities in about five different

regions of Turkey, such as Biga (Canakkale), Ikizce (Bilecik), Sivrihisar (Eskisehir),
Oltu (Erzurum), and Savur (Mardin) (A). Some chrysoprase rough and polished samples

obtained from these localities (B).
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Fig. 2. The XRD patterns of the investigated chrysoprases. The positions of peaks with
d-spacings [A] and relative intensities [%(I/I5)]>0.2% are labelled for 2-theta values

below 70 degrees.
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Fig. 3. A geochemical modelled diagram showing the initial temperatures of the
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