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Preface

Changes in Earth’s biosphere as civilization has developed, its increased
technogenic load, and reduced overall resources of resistant stability spur the
natural and technological sciences to properly concentrate on the possibilities of
interaction between sustainable human activity and natural ecosystems. Trees are a
primary focus. Natural tree ecosystems (forests), in terms of the overall mass of the
biosphere, have been devastated, in the majority of cases by human activity.
Humans also have intensively utilized the energetic, biological, and recreational
resources of trees throughout their life cycles. The involvement of industrial society
in large-scale applications of fossil fuels along with the rapid development of
industry has resulted in the urgent current issue of widespread pollution of the
ecosphere and the threat of global warming.

The use of trees in ecological technologies is based on their unquestioned
importance in maintaining stability in the biosphere as well as on their presence
in a number of Earth’s biomes and its ecosystems, particularly those of Scots pine
growing in urbanized territories and zones affected by pollution sources. This
aspect in particular creates favorable conditions for using trees as bioindicators
for establishing the properties and levels of contamination and, in some cases, as a
measure for reducing pollution. Because the consequences of negative changes
occurring in nature can only be minimized once their essential character is under-
stood, this book focuses mainly on trees as biogeochemical objects and discusses a
mechanism by which heavy metals enter into trees, the impact of biotic stressors as
determinants of entry, the specificity of metal accumulation in certain species of
trees and their parts, the biophilicity of heavy metals, and other aspects of
biogeochemistry.

Considering the extent of the life cycle of the tree and with respect to wood as an
industrial material and an agent for the sequestration of atmospheric carbon diox-
ide, investigations into thermally treated wood products and the efficiency of their
application in the field of environmental protection engineering are presented.
Greater focus is shifted to the properties of biochar and to defining its advantages
as a packing material of the filters.
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viii Preface

Exhaustive treatment of the versatile role of trees in environmental protection
technologies is hardly possible without specifically applied research methods. Thus,
investigation into heavy metal concentrations and their distribution in tree rings has
assisted in advancing technology for wood sampling and evaluating their represen-
tiveness. To assess the eco-technological aspect of using trees in environmental
protection technologies, a method of dynamic factors that maximizes the elimina-
tion of the impact of local environmental geochemical features on the element
uptake evaluation has been developed. As an effective method for examining
various ecological aspects, a mathematical simulation of the processes of contam-
inant transport in the environment, including the original models developed by the
authors of the book, has been applied.

The novelty of the book is its explication of the sustainable role of the tree in
environmental protection technologies, and the book includes reviews, research,
and an evaluation of the use of trees.

This publication is dedicated to scientists and experts in the field of environ-
mental protection. Would-be scientists — Ph.D. and M.A. students — may refer to the
study as a source of scientific knowledge in the field of environmental protection
technologies.

Reviewers
Dr. Arunas Draugelis, Chicago, United Stated of America.
Prof. Dr. Habil Petras Vaitiektunas, Vilnius, Lithuania.

Vilnius, Lithuania ’ Edita Baltrénaité
2016 Pranas Baltrénas
Arvydas Lietuvninkas



Introduction

It is quite natural that the tree is treated in this book as an important part of nature
and the environment in which humans live. With respect to form and functions,
trees are sacral objects for people. It should be noted that, though the main functions
of trees have not changed, different ways of perceiving them through our senses
have developed in humans. The cult of the Tree of Life as a worldwide symbol
developed in tribal systems based on using such wooden cult objects as totems and
considering a tree as an abode of ghosts. The mythological World Tree was the key
artifact promoting the formation of a mythological space concept. According to this
concept, the World Tree grows in the center of the universe and forms the axis
connecting the sky, Earth, and the underground kingdom. The top of the World Tree
supports the sky, its branches embrace the whole world, and its roots reach Earth’s
depths.

In discussing the modern forms of perceiving the functions of the tree, some
well-known feature films are worth mentioning. Thus, in the movie Avatar, directed
by James Cameron in 2009, the so-called soul (also native or sound) tree plays the
lead and most mystical role and is vitally important for the native people of the
fantastic planet Pandora. The 3-I0 version of Star Wars features Endor, a mystical
moon covered with gigantic trees, while the Lord of the Rings features a race of
creatures similar to trees called Ents.

In our own day, when the problem of sustainability of various processes and
objects is under extensive discussion and debate, the sustainability of trees and their
functions has become much more important if we consider their life cycle in areas
receiving technogenic pollutant loads. The deterioration of the state of Earth’s
ecosystemss, the growing concentration of greenhouse gases in the atmosphere,
and predictions of climate change are also cause for concern. The sustainability of
trees in the context of long-term development is primarily associated with
maintaining the geochemical status of the carbon cycle and such dangerous prod-
ucts of technogenesis as metals found in the biosphere, which are strongly affected
by human activities.

xiit
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Introduction XV

of ecosystems related to trees depend on the type of pollution (Chap. 2) and the
transport of pollutants to them. The role of trees as sustainable functional units in
areas covered by forests has become particularly important owing to their active
participation in biogeochemical carbon circulation in the biosphere. Trees assimi-
late carbon dioxide from the atmosphere, thereby reducing its concentration as a
causal factor of the greenhouse effect. The sustainability of trees is also associated
with their role in removing such pollutants as metals from the surroundings and
accumulating them in their systems, thereby limiting their mobility and possible
negative effects on ecosystems for a long time.

The function of trees associated with stabilizing metals is discussed in Chap. 3,
which also partially describes Stage B of the tree life cycle (resource processing),
dealing with the transport of metals and their transformation and accumulation in
trees, though in these cases, processes can be strongly affected by biotic factors.

Stage C is associated with the manufacture of the product of biomass synthesis
and its increase in the tree’s life cycle. In a technogenic environment, a growing tree
is subjected to aerogenic and edaphic pollution, causing both quantitative and
qualitative changes in biomass properties. The biogeochemical properties of trees
are associated with qualitative changes, while functional characteristics determine
their qualitative changes (Chap. 4).

At Stage D, relating to the use of the product, a wider range of application of
trees besides biomass their use is discussed. In ecotechnologies, these are the
functions of bioindication and phytoremediation,. involving relatively cheap and
effective innovative technologies, which take advantage of the environment’s
capacity to reduce pollution and risks over the long term (which represents
the main sustainable development principles). In environmental protection
engineering, the natural and processed products of trees are used. Mathematical
models of these processes have become tools that are extensively used in practice
(Chaps. 5-7).

At Stage E, the waste materials of trees, including both natural (e.g., bark, wood
shavings) and processed (e.g., ashes, biochar, wood fibers) products, which can be
practically used, are categorized with waste products. In most cases, these products
meet the needs of a specific application and satisfy technical requirements. Their
market is being expanded, which helps to avoid negative impacts on the environ-
ment and human health. Thus, natural resources are managed in a sustainable way,
and materials recovered from trees are used more efficiently (Chaps. 6 and 7).

This monograph aims to demonstrate the links between trees’ functions and
sustainable development at each stage of the tree’s life cycle. The use of trees in
environmental protection technologies confirms the ability of humans to expand
their knowledge of nature, to have respect for it, and to better understand the role of
trees in their lives. Besides the well-known ecological significance of trees, we
would like to mention that the role of trees has increased through extensive use of
environmental protection technologies. The areas of practical application of trees
are as follows: (1) the use of trees and their products in ecotechnologies and the
development of predictive models of processes and (2) the evaluation of practical
applications of wood products in environmental engineering systems.



xvi Introduction

The description of the environmental protection role of trees at various stages of
their life cycle presented in this book aims to emphasize their ability to improve the
state of the environment from both ecological and environmental protection engi-
neering perspectives. Trees can reveal changes taking place in the environment,
stabilize the spread of pollution, and protect the environment. When a tree com-
pletes the stage of its existence as a living organism, the period of its indirect
participation in engineering environmental protection solutions follows.

The present work links nature and technology, ecology and engineering, princi-
ples for knowing the world and the application of knowledge, and discusses
implications and benefits because, in nature as in life, everything makes sense,
while, according to Barry Commoner, everything is connected to everything else.
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