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PREFACE

The world population reached 7 billion October 31, 2011 and continues to grow at an
unprecedented rate. The United Nations has projected the possible world population
in 2300 using differing scenarios based on changes in fertility: declining growth
(2.3 billion), average growth (9 billion), and high growth (36.4 billion).

Two primary processes impact population growth: (1) industrialization—the large-
scale introduction of manufacturing, advanced technical enterprises, and other pro-
ductive economic activities into an area, society, or country. There are typically
significant social and economic changes during the transition between preindustrial
and industrial societies; and (2) urbanization—the physical growth of urban areas as
a result of rural migration into cities and concentration of large number of people in
small areas, forming cities. The net effect is the emergence of megacities (cities with
populations of over 1 million inhabitants) that are a characteristic feature of demo-
graphic growth. About 22 cities worldwide had populations that exceeded 10 million
inhabitants in 2010.

The exponential growth of the world population is accompanied by increasing
energy consumption, fertilizer use, and the concentration of pollutants in the envi-
ronment (e.g., carbon dioxide, nitrogen dioxide, hydrogen sulfide, sulfur dioxide,
hydrocarbons); a shortage of arable land; and the accumulation of radioactive waste.
Mankind has reached or will reach its highest level of fossil fuel extraction in the
near future: oil—in 2007, coal—in 2025, gas—in 2025. Electricity production by
hydroelectric power stations will increase by 40% by 2050.

It is highly probable that armed conflicts around the world will increase due to
the inequitable distribution of essential resources such as fossil fuels, fresh water,
and other requisites. The rate of growth of the world population and the associated
increase in energy consumption, lack of adequate food, deteriorating water and air

XXV



XXVi PREFACE

quality due to the rapid rate of industrialization and urbanization, and the impact of
biosphere pollution on climate, biogeochemical cycling, and the fauna and flora—all
point toward an unprecedented environmental crisis in the immediate future.

The “greenhouse effect” is resulting in significant changes in the heat balance in the
biosphere, which is precipitating potentially extreme climatic alterations. Increasing
global temperature leads to melting of the polar ice, thermal expansion in the volume
of the ocean walter, elevated sea levels, and an appreciable reduction in the amount of
dry land. Elevated temperature results in an increasing frequency of natural disasters
such as severe floods, hurricanes, tsunamis, and drought. Changes in climate and sea
level will also instigate extensive population migration.

Indications of this emerging crisis are natural and man-made environmental dis-
asters that are accompanied by fatalities and irreversible harmful effects on the
environment. Recent examples include the intense earthquakes and tsunamis in the
Indian Ocean in 2004 (225,000 deaths), earthquakes in Pakistan in 2005 (74,500
deaths), China in 2008 (69,000 deaths), Haiti in 2010 (320,000 deaths); there were
victims of hurricane “Katrina” in 2005, the most destructive hurricane in US history;
the cyclone “Nargis™ in 2005 (Burma or Myanmar); and the earthquake and tsunami
in Japan in 2011,

In 2010, about one half of Europe was covered with dangerous ash as a result
of the eruption of Eyjafjallajokull, a volcano in Iceland that paralyzed air travel for
several weeks. The 2011 eruption of Grimsvotn, also in Iceland, similarly disrupted
air travel in Northwestern Europe.

In 2003, an unexpected heat wave in Europe resulted in ~40,000 deaths; extremely
high ambient temperatures in Russia in 2010 caused ~15,000 deaths and numerous
fires.

Powerful floods occurred in Australia and Brazil in 2010-2011, in Amur district,
Russia, in 2013.

Man-made disasters included an explosion at the AZF chemical factory in Toulouse
(France) in 2001; an extremely serious accident on a British Petroleum oil well
platform in the Gulf of Mexico in 2010 was the largest environmental disaster in
US history; a fractured reservoir resulted in the release of toxic “red mud” in the
Hungarian region of Veszprem in 2010; and the detection of dioxin in pig and poultry
feed on farms in Germany in 2010.

It is impossible to ignore the harmful environmental impact of military activity
and technology, and space exploration. A Ukrainian military tactical rocket struck a
house in the town of Brovary, near Kiev, killing three people in 2000; a Ukrainian
missile accidently shot down a Russian jet during military exercises in the Crimea
in 2001, resulting in death of 78 people. There were a series of fires and explosions
at military arsenals in Donetsk (2003), near the village of Novobohdanivka (2004)
and in Lozova (2008) in Ukraine, that caused great losses and in Ulyanovsk (2009),
Bashkortostan and Udmurtia (2011) in Russia.

There were also serious incidents in space. For example, the Russian “Cosmos-
2251” and American “Iridium-33" satellites collided at an altitude of 790 miles
over Siberia in 2009. In 2006, the wreckage of the Russian military satellite nearly
struck a Latin American Airbus with 279 passengers on board. Tests of Chinese
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antisatellite weapons in 2007 led to the dispersal of considerable “space junk,” adding
to an estimated 2300 fragments and countless number of smaller items that greatly
increase the possibility of a catastrophic loss of a manned spacecraft or satellites.
Other accidents that resulted in debris in space include accidents or failures such
as the cargo spaceship Progress M-12M (2011), the Russian interplanetary station
“Phobos-Soil™ that failed to reach Mars, and the Russian satellite “Meridian,” that fell
onto the street of Cosmonauts in the village Vahaytsevo in the Novosibirsk region.
In addition to the tremendous number of debris fragments in space, each launch
of a rocket is accompanied by the contamination of biosphere with dangerous fuel,
pollutants and pieces of the spacecrafts.

We live in a very intense and harmful time from the point of view of damage to the
environment and the resulting impacts on the biosphere. It is essential, therefore, that
we utilize environmental monitoring and measurement of environmental parameters
to obtain the essential information on changes in abiotic and biotic factors, and air,
soil, and water quality. This may be accomplished using modern automated methods
of measurement and remote sensing technologies. Understanding the nature and
extent of environmental problems is essential for identifying and putting into action
viable solutions.
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ABOUT THE BOOK

The main objective of the textbook “Methods of Measuring Environmental Parame-
ters” is to introduce students of Environmental Science and Engineering in current
methods of environmental control and principles of devices used for measuring envi-
ronmental parameters.

Specific aims of the textbook are:

. a brief description of the main climatic (pressure, wind, temperature, humidity,

precipitation, solar radiation), atmospheric, hydrographic, and edaphic factors;

. assessment of abiotic factors, their effect on quality of atmosphere and indoor

air, soil, water;

. assessment of biotic factors, bioindication, and biomonitoring as perspective

methods of observing the impact of external factors on ecosystems;

study the principal effects of environmental factors on living organisms, human
health, and ecosystems;

review the basic methods and principles of modern instrumentation that can be
applied for measuring environmental (mostly physical) parameters, with special
emphasis on automated and remote sensing components of the environment;

. comparative analysis of the advantages and disadvantages of the main methods

of measurement presented in the textbook;

. monitoring of student learning through practical exercises, tasks, problems, and

tests.

The textbook has practical exercises, which allow a better understanding of the
textbook content; the examples with solutions, and control exercises: questions and
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problems to provide self-testing the material presented in the textbook; constructive
tests, for which there are no direct answers, but the student must find the answer
himself. Examples of extreme environmental situations are given for the curious
students. The list of references, electronic references and further reading is given at
the end of each chapter. An appendix and a subject index are included at the end of
the textbook.

The content of the textbook is based on course in Methods of Measuring Environ-
mental Parameters given by author to students at National University of Kyiv-Mohyla
Academy and undergraduates at National University of Life and Environmental Sci-
ences of Ukraine, Kiev, Ukraine.

Methods of Measuring Environmental Parameters is intended to be a useful
overview reference for professional ecologists, environmental scientists, meteorolo-
gists, climatologists, atmospheric physicists, aerobiologists, and soil and water man-
agers. It can also serve as a suitable textbook for undergraduate and graduate students
in these academic disciplines.



ABOUT THE AUTHOR

Professor Yuriy Posudin, Doctor of Biological Sciences, National University of Life
and Environmental Sciences of Ukraine, Kiev, Ukraine.

He studied at the Kiev State University (Radiophysical Faculty) 1964-1969, the
Institute of Radiotechnique and Electronics, Moscow (1972-1975), and the Agro-
physical Institute, St. Petersburg (1992).

Dr. Posudin’s principal scientific interests are the investigation of photobiological
reactions of algae and plants, and the non-destructive quality evaluation of agricultural
and food products.

Academic duties of Dr. Posudin include lecturing of a cross-section of environmen-
tal topics, such as “Environmental Biophysics,” “Methods of Measuring Environmen-
tal Parameters,” and “Environmental Monitoring with Fundamentals of Metrology.”

The main publications of Yuriy Posudin are:

Posudin, Yuri. 1998. Lasers in Agriculture. Science Publishers, Ltd, USA, p. 220.

Posudin, Yu. I. 2003. Physics with Fundamentals of Biophysics. Agrarna Nauka,
Kyiv, p. 195.

Posudin, Yuriy. 2007. Practical Spectroscopy in Agriculture and Food Science.
Science Publishers, Enfield, p. 196.

Posudin, Yu. 1., Massjuk, N. P, and Lilitskaya, G. G. 2010. Photomovement of
Dunaliella Teod. Vieweg + Teubner Research, p. 224.

Xxxiii



XXXiv ABOUT THE AUTHOR

Prof. Yuriy Posudin with the students of Environmental Sciences, Kiev, Ukraine.



CONTENTS

PREFACE XXV
ACKNOWLEDGMENTS XXix
ABOUT THE BOOK XXXi
ABOUT THE AUTHOR xxxiii
INTRODUCTION 1

Some Principal Definitions, 1

PART1 CLIMATIC FACTORS

1 Pressure 5

1.1 Definition of Pressure, S

1.2 Atmospheric Pressure, 6

1.3 Physiological Effects of Decreased Air Pressure on Human Organism, 9
1.4 Physiological Effects of Altitude on Animals, 9

1.5 Effects of Altitude on Plants, 9

1.6 Variation of Pressure with Depth, 10

1.7 Physiological Effects of Increased Pressure on Human Organism, 11

1.8 Physiological Effects of Pressure on Diving Animals, 12

References, 13

vii



viii

2

CONTENTS

Measurement of Pressure

2.1 Manometers, 14

2.2 Barometers, 17

2.3 Digital Barometric Pressure Sensor, 19
2.4 Vibrating Wire Sensor, 20

2.5 Capacitive Pressure Sensor, 20

2.6 Measurement of Pressure at Depth, 22
Questions and Problems, 23

Further Reading, 23

Electronic References, 23

Practical Exercise 1. Analysis of Observed Data: Theory of Errors

I Approximation of Data, 25
1.1 Rules for Dealing with Significant Numbers, 25
1.2 The Precision of the Measurement During Multiplication
or Division, 26
1.3 The Precision of the Measurement During Addition or
Subtraction, 26
1.4 The Precision of the Measurement During Raising to a
Power or Extracting a Root, 26
2 Theory of Errors, 26
2.1 Types of Errors, 26
2.2 Errors in Direct Measurements, 27
2.3 Errors in Indirect Measurements, 29
References, 33
Electronic Reference, 33

Wind

3.1 Definition of Wind, 34

3.2 Forces That Create Wind, 34

3.3 Parameters of Wind, 35

3.4 Effect of Wind on Living Organisms, 37
Reference, 37

Measurement of Wind Parameters

4.1 Cup Anemometer, 38
4.2 Windmill Anemometer, 40
4.3 Hot-Wire Anemometer, 41
4.4 Sonic Anemometer, 42
4.5 Remote Wind Sensing, 43
4.5.1 Radiosonde, 44
4.5.2 Radar, 44
4.5.3 Sodar, 45
454 Lidar, 45

14

25

34

38



4.5.5 Doppler Effect, 46

4.5.6 Satellite and Rocket Remote Sensing, 47
4.6 Measurement of Wind Direction, 47
4.7 Cyclone Assessment, 49
Reference, 49

Practical Exercise 2. Modeling the Variation in Wind Speed

I Modeling Variation in Wind Speed Near the Ground, 50

CONTENTS

2 Modeling the Variation in Wind Speed Above a Plant Canopy, 52

Questions and Problems, 55
Reference, 56

Further Reading, 56
Electronic References, 56

S Temperature

5.1 Definition of Temperature, 57

5.2 Temperature Scales, 57

5.3 Atmospheric Temperature, 59

5.4 Soil Temperature, 59

5.5 Temperature of Water Reservoirs, 60

5.6 Heat Flux, 60

5.7 Effect of Temperature on Living Organisms, 61
5.7.1 Heat Production, 61
5.7.2 Heat Transfer, 63

6 Measurement of Temperature

6.1 Liquid-in-Glass Thermometers, 67
6.2 Bimetallic Thermometer, 69

6.3 Resistance Thermometer, 70

6.4 Thermocouples, 71

6.5 Optical Pyrometry, 72

6.6 Infrared Thermometers, 73

6.7 Heat Flux Measurement, 74

6.8 Method of Scintillometry, 76
References, 77

Practical Exercise 3. Modeling Vertical Changes in Air Temperature

1 Measurement of Temperature Above Uniform Surface, 78

2 Measurement of Sensible Heat Flux, 82
Questions and Problems, 83
Reference, 83
Further Reading, 83
Electronic References, 84

50

57

67

78



