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Introduction

One of the first mentions of global warming and the greenhouse
effect was made by the celebrated Swedish chemistry and physics
researcher Svante August Arrhénius (1859-1927). In those times, he
already believed that the large amounts of fossil fuels, mainly coal, that
were being burned in the industrialised countries were increasing the
CO; concentration in the atmosphere. He also said that an increase of
100% in the CO, may cause an average warming of 4-6°C in the
atmosphere. Curiously, he believed that this greenhouse -effect,
produced by the human activity, would be a technical solution against
another ice age in the future. Anyway, he was the first one to establish
a relation between the fossil fuels burning and the climate changes.

Only after the Second World War could long term CO,
measurements be started and it was discovered that the carbon dioxide
concentration rose from 275 ppmv before the industrial revolution to

361 ppmv in 1996. Also, the methane (the third responsible greenhouse
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effect gas after water vapour and carbon dioxide) levels were
duplicated in the last hundred years (IPCC 2001).

The physical phenomenon of greenhouse effect is an easy topic
to be described and understood. However, nowadays, the greenhouse
effect is automatically associated with another phenomenon, global
warming, and it is again associated with human’s activities, but, is all
of this true?

Are humans causing global warming?

Is the global warming true?

Can we do something if it is caused by ourselves?

The aim of the study was to make an attempt to answer the above
questions. The main problem is that the same data, the same historic
register, the same observation, can be interpreted in totally different
ways (even the opposite) by ones or another’s. This problem is
amplified mainly by politicians, ecologists and the mass media, so the
population can not reach the truth easily. One of the biggest problems
is that this is not only a scientific topic (in that case, we can easily deal
with it), but is also an economic, political and social problem because
of the enormous implications to one side or the other. For these reasons
most of the citizens can not know the truth, because they can not
analyse the data by themselves so they can only chose between two

“prefabricated theories”.
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Discussion of the topic

Physical description of the studied phenomenons: atmosphere,
greenhouse effect and global warming

The main components are nitrogen (78%), oxygen (21%), and little
amounts of some other gases such as water vapour (0,002%), carbon
dioxide, methane, NOy, CO, SO,, or some other trace (noble) gases.
Even if the amount of some compounds is very small, all of them are
very important because every one can absorb and reflect some specific
wave lengths. For example, ozone absorbs among others ultra violet
radiation in the stratosphere. Water vapour and carbon dioxide absorb

visible light and infrared.

Solar radiation

Practically, all the energy in the Earth comes from the sun (if we forget
the internal heat and some deep radioactive process in the Earths crust).
That energy comes in way of electromagnetic radiation, mainly with a
wave length between 200 and 400 nanometres.

The total energy on the top of the atmosphere -during special
assumptions- coming from the sun is called “solar constant”. If we do
not take care about the short time little oscillations in orbital parameters
and solar activity, we can consider it as a constant (Fig. 1). The real
value of this constant is between 1350-1370 W/m®. But we can simplify
the number and say that it is 1400 W/m? or 1400 J. In other words, this
is the energy that every square meter outside the atmosphere, receives

from the sun in a perpendicular plane whiting the Earth-Sun line.
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If we want to calculate the energy at land level, we have to
multiply this number by the surface (in a plane) of the Earth (n'r*) and
divide it by the surface in a three dimensions sphere (4m'r), using r as
the Earth radium. The result is 342 W/m” and it is called average solar
constant. Only half of the Earth is receiving that radiation because one
side is day and the other is night. It also depends on the latitude due to
the incident angle of the sun rays.

The radiation coming into the Earth is divided depending on the
wave length (L) in these different categories, from more energetic to
less: Ultraviolet (1nm-400nm), Visible Light (400nm-750nm) and
Infrared (750nm-1mm). Of course there are so many others but in this
work we only need to consider these three.

One big part of the Sun’s energy is absorbed by the atmosphere,
approximately 25-60%, depending on the atmospheric conditions,
especially in the troposphere.

At the Earth’s surface, the radiation is compound by 49% of
infrared, 41% of visible light and 9% by ultraviolet radiation. Of
course, it depends on the atmospheric conditions and the vegetation,
because clouds absorbs mainly in the ultraviolet region and plants in
every region, but mostly in the visible light region of the spectrum (it is
used in the photosynthetic process).

On other hand, Earth reflects to space around 30% of the total
amount of energy that it receives from sun. It is called albedo effect,
and it is caused by clouds, ice and water principally.

So, if Earth receives 342 W/m’, only 240 W/m? (70%) are

absorbed, but it is not in a homogeneous way; more is absorbed in the
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Equator than in the poles and more by the Earth than by the high

atmosphere. It causes the big streams and the heat transport
phenomenon which configure Earth climate.
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Fig. 1 Percentages of incoming and reflected sun radiation by different
Earth elements (www.googl e.images.com)

The natural greenhouse effect

In physically terms, the kind of radiation that every object emits
depends on its temperature (Wien's radiation law). Based on this law,
satellite observations say that the average temperature in the Earth is -
18°C. It corresponds to 240 W/m® if we already are in thermic
equilibrium. But

Earth average temperature is +15°C which

corresponds to 390 Watt/m”. The 150 W/m? difference is caused by the
greenhouse effect. The Earth surface emits 390 W/m?, but 150 W/m®
are absorbed by the atmosphere, which keeps the temperature above the

correspondent temperature. For this reason, satellites can only detect
240 W/m? emitted by the high atmosphere.
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The 33 Celsius degree difference is caused by the greenhouse
effects and it makes possible life on the Earth. In conclusion, the
greenhouse effect warms up the atmosphere by capturing the long wave
radiation reflected by the Earth.

We have to keep in mind that the energy is always the same.
The incoming energy is equal to the outgoing energy because energy
can not be created, only transformed. In this case, we are talking about
a modification in the wave length. The incoming radiation from the sun
is very energetic, it has a very short wave length because the sun is a
very hot object. The outgoing energy from the Earth is a long wave
radiation which has less energy, but the spectrum is bigger so the total

energy is the same.

Greenhouse gases

Curiously, oxygen and nitrogen, which are the principal components of
the atmosphere (99%), are totally transparent to the infrared radiation
reflected by Earth, so they are totally inert gasses regarding the
greenhouse effect (Table 1).

Table 1. Theresponsible greenhouse gasses
(http: //en.wikipedia.org/wiki/Greenhouse _gas)

Relative effect Real effect
CO, 1 (reference) 76%
CFCs 15.000 5%
CHy4 25 13%
N,O 230 6%
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The relative effect means that we assign the value 1 to the
carbon dioxide activity, and other activities are calculated regarding to
this data. As we can see, although chloro-fluoro-carbons have relatively
much more effect than carbon dioxide, the big concentration of carbon
dioxide compared with CFCs make possible the big effect of CO, as
greenhouse gas. Carbon dioxide is totally transparent to the incoming
radiation from the sun, but it absorbs the reflected infrared radiation by
the Earth. That is the reason why it allows the radiation entry in the
system, but does not allow it to escape.

The role of the CO2 in the plant physiological processes is also
worth to mention. This gas is one of the basic materials of
photosynthesis. At constant environmental conditions, the higher the
CO2 concentration, the higher the intensity of photosynthesis is. This
influence was published among others by Anda (2006); Anda and
Kocsis (2007; 2008).

Clouds have a double effect. By one hand, it is calculated that
water vapour can increase the greenhouse effect by 30 W/m?, absorbing
the infrared radiation from the surface. But in the other hand, clouds
reflect the incoming radiation from the sun, and it is calculated also that
clouds albedo effect is -50 W/m?”. The absolute effect of clouds during
the day is a 20 W/m® cooling.

It is said that the more carbon dioxide concentration in the
atmosphere, the more will be the evaporation and consequently, the
cloud formation. We have just said that clouds cause cooling, so here

we have one of the polemic points.
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Comments on global warming*
The main argument of the IPCC focuses on the correlation between the
average increase of the temperature of the Earth and the parallel
increase in atmosphere CO; content. This rise in the CO, content is
caused by burning fossil fuels, and, what is very important, in the last
century. Other human factors influence the atmospheric CO, content, as
desertification, decrease of rain forests and so on. However,
combustion of fossil fuels is by far the most "guilty" of emissions.

Some other natural phenomena may also cause atmospheric
alterations in a similar range to the burning of a few GT of oil.
Particularly, volcanic activity could shatter the atmospheric balance,
apparently so fragile, in a few weeks if the activity is strong. Some
examples are the explosion of Krakatoa, the Tungusta meteorite and the
eruption of Pinatubo, which caused that kind of changes.

As 1 mentioned before, IPCC is the political origin of the
controversy around global warming. It is also the origin of social and
political awareness on this phenomenon

(http://www.ipcc-nggip.iges.or.jp/public/gl/lucfspan.html).

1 Personal note: | will use many arguments that say that global warming is a
phenomena caused by human activity. Not all of these arguments are totally
accepted by the scientific community, but are defended by many others, as
well as the IPCC.

However, | also have present in my mind that IPCC is a political organization
(it came from the UN, 1989) and is not totally independent of the economics.
Furthermore, people who work there are being paid to demonstrate that global
warming is caused by human activities; this is the reason for the IPCC’s
existence.
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In summarize the conclusions of the main IPCC reports are:

* There is an evident climate change

* The cause of this change comes from the large increases in the

atmospheric CO, with a consequent increase in the greenhouse

effect.

* Human activity is responsible for the increase of CO, content

* It is necessary to curb emissions

* The models show alarming trends

These assumptions and conclusions are based on mathematical
models, which are the origin of the controversy because models can be
developed in many ways and even a little change in the same model
would predict totally different results.

Let’s see what is going on with temperature and CO;
depending on the point of view. With respect to temperature, it is
necessary to take into account the veracity of the data used for
statistical analysis, and not forget the margin of error that these
methods carry with them. As an example we could mention the
"hockey stick" model (Fig. 2), developed by Mann et al. in 1998 (IPCC
2001). It shows temperatures since 1000 AC until nowadays. In the
graphic you can see that temperatures decrease slightly between the
early 15th century and early 20th century, and then increase
dramatically until 1980.
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Fig. 2 “ Hockey stick” model (IPCC 2001)
http://www.realclimate.org/index.php/archives/2004/12/myths-
vs-fact-regarding-the-hockey-stick/

The yellow area is the error margin. In the reconstruction of
temperatures before 1850, the margin is so big that they could
demonstrate almost whatever they want.

But not only before 1850 we can find some problems with the
data. For example, the Fig. 3 shows a statistic register of world
temperatures since 1880. This register is compiled by the GISS
(Goddard Institute) in the U.S. and the CRU (Climatic Research Unit)
of Britain. The graph shows clearly a 0.8 degrees Celsius warming in
the period. However, the temperature increase not necessarily
corresponds with the actual warming of the atmosphere. The urban
character (heat island) of most of the stations among many other
reasons induces caution in its interpretation

(http://data.giss.nasa.gov/gistemp/).

10



A compilation and analysis of information concerning the greenhouse effect and
global warming

P Global Temperature S
=t (meteorological stations) T

Zrem

Temperature Anomaly (°C)
s B

B ; ; ;
| = S3-year Mean | | (a)
'16330 1900 1920 1540 1960 1980 2000

Fig. 3 The global temperature changes from 1880s
[ GISSfrom Goddard Institute, USA; CRU Climatic Research Unit
from Great Britain (http://data.giss.nasa.gov/gistemp/graphs/)]

Fig. 4 obtained from 48 states in the USA which shows, for a
similar period, an evolution of the temperatures that has little or
nothing to do with the previous one. Something similar happens with
different data register of arctic temperatures. It is very interesting that,
coming from different sources and from different world places, both
show a big warming between 1920 and 1940, even when the CO; levels
were lesser than in the present day.

The content of Fig. 5 would be very dramatic since it shows
powerful heating in a short time period. But if it were true, the ice
melting in the North Pole would be imminent, and large amounts of
fresh water would be released, causing some other phenomenon which

will be mentioned later (see later gulf current variations).

11
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Fig.4 Temperature time series from 1880s [ GI SS from Goddard
Institute, USA; CRU Climatic Research Unit from Great Britain
(http://data.giss.nasa.gov/gistemp/graphs/)]
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But if we use a bigger register, the conclusions may be totally
different. In that case, the heating between the twenties and forties was
almost the double than nowadays (Fig. 6).

After the “hockey stick” model were publicised in 1998, many
scientists who worked for the IPCC became angry and raised their
voices to show their disagreement with a study that they considered
defective and with no clear procedures. Two of these scientists,
Mclntyre and McKitrick (2005) detailed these errors and defects. Then,
they applied the Mann, Bradley and Hughes methodology and they

made a new average temperatures index of the Northern Hemisphere

for the period 1400-1980, using corrected and updated data.
1880-2004 Temperature Time Series

Latitude Range 70 to 90, Longitude Range -180 to 180
{from the Jones et al. dataset)
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Fig. 6 Long term Arctic temperature change (Jones et al. 1994)
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Fig.7 Mclntyre-McKitric (2005) reconstruction of “ Hockey
Stick”

The Mclntyre-McKitric reconstruction (thick line in Fig 7)

shows that the previous climate was warmer than at the end of the 20th

century, a conclusion supported by numerous other scientific studies,

while the “Hockey Stick” denies this reality.

The world is not in a thermodynamic equilibrium, so that there

is not only one single temperature to discuss about it. What we measure

in each point is tied to that place through a local thermodynamic

equilibrium. A global average temperature does not have a global

sense, and that kind of statistic does not state certainly whether the

world is warmer or colder than 10, 100 or 1,000 years ago. The

temperature only means something at local level, but it can not be

14
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extrapolated to big areas or continents because the thermodynamic
conditions vary from point to point.

It is proved that not every point in the Earth is being warmed,
there are some places where the glaciers are not suffering ablation and
are growing, and some places where the ice layer is increasing. These
points are usually in the southern hemisphere. The main heating is
being detected in the northern hemisphere.

In order to finish the topics about the temperature, I mention the
results of two studies which had been made separately by Hoyt and
Barrett in 1997 (http://www.warwickhughes.com/hoyt/climate-
change.htm). In summary, they say the following:

- The observed heating had been produced mainly in night
registers, which is incompatible with a global warming produced by
greenhouse effect.

- The observed heating had been detected only in surface, but
not in medium and high atmosphere.

- The real observed heating had been detected especially in
northern hemisphere and in medium latitudes. The predictions for a
greenhouse effect say that it should be detected in the poles more than

in any other place.

Something is happening...
Temperature is only one parameter. Temperature evolution is only one
indicator of that something may be happening, but there are many
others, some quite evident, and others very subtle but not less

important.

15
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I cite some examples to illustrate that "something is happening”:
*Decreasing of the polar icecaps

* Decreasing of some glaciers around the globe

* Pure and simple disappearance of some glaciers

* Lowering of the thickness of polar ice cap in the northern hemisphere
* Changes at the Permafrost especially in Alaska and northern Siberia

* Reverse-down of forests Nordic

» Changes in the migration of animals

* Disturbance (advancement) of the flowering of many species in upper
and middle latitudes

* Sea level rising (5 cm over the past 100 years)

» Emigration to higher altitudes of species (plants) observed in the Alps
* Zooplancton-decreased in the Atlantic due to lack of nutrients, caused
by the temperature increasing in some sea areas

* Alterations in the stream of “El Nifio”

* Alterations in the insect’s population of high latitude forest areas

* Emergence of foreign larvae and insects in certain areas

All these symptoms clearly indicate that something is happening.
Otherwise very different causes produce these phenomena.

As we mentioned before, greenhouse effect increasing is
produced by the growing accumulation in the atmosphere of gases
capable of absorbing energy radiated by the Earth in the infrared range.
Despite the most important greenhouse gas being water vapour its
variation is considered as result of the variations in CO, concentration

in the atmosphere.

16
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The effect of other greenhouse gases, mainly CH4, CFCs and
03, N0 is always expressed in the equivalent amount of CO, by effect.

On one hand, it is known that carbon dioxide is responsible for
22% of the greenhouse effect, and it is the mainly one. On the other
hand, human activity, particularly fossil fuels burning, is responsible
for the emission of very substantial quantities of this gas.

It is not easy to establish the direct relation? In fact, it seems
easy, but it is not. Let’s see Table 2!

The increase in the atmospheric CO, concentration stands at
around 1.4 ppmv/year. This increase does not seem parallel to the
increasing in combustion of coal and petroleum, which has risen from
4.4 GT in 1972 to 8 GT in 2000.

The models and projections derived from the IPCC assume
virtually that CO, accumulates in the atmosphere. Based on this
premise, the global warming predictions leading to highly catastrophic
conclusions where temperature would increase to the order of 2-3 °C.

But the CO; cycle in the atmosphere is far from being known
with accuracy, and contrary to the IPCC assumptions put at 200 years,
recent studies seem to show that this cycle is 35/40 years.

Table 2. Emission values, thermo anomalies, CO, concentration and
carbon dioxide by ice-thermometer (www.google.com)

17
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Emissions J Satellite Surface Surface Cco2 Increase of | CDT
rate temperature § temperature j§ temperature, § concentration j C0O2 reading
anomaly anomaly trend
removed

Pg/year {5 °C =G ppmy ppmy ppmv
1979 || 5.35 -0.026 -0.15 0.03 339.68 1.34 -0.23
1980 || 5.28 0.122 -0.11 0.05 338.52 1.84 0.27
1981 || 5.11 0.079 -0.07 0.07 339.76 1.24 -0.33
1982 || 5.07 -0.127 -0.16 -0.04 340.76 1.20 -0.37
1983 || 5.06 0.059 0.03 0.13 342.61 1.65 0.08
1984 || 5.23 -0.236 -0.19 -0.11 344.25 1.64 0.07
1985 || 5.40 -0.175 -0.21 -0.14 345.73 1.48 -0.09
1986 || 5.59 -0.105 -0.12 -0.07 346,97 1.24 -0.33
1987 ||5.72 0.130 0.02 0.05 348.75 1.78 0.21
1988 (| 5.94 0.130 0.04 0.05 351.31 2.56 0.99
1989 || 6.05 -0.091 -0.03 -0.04 352.75 1.44 -0.13
1990 || 6.10 0.090 0.14 0.11 354.04 1.20 -0.28
1991 || 6.18 0.119 0.08 0.03 355.48 1.44 -0.13
1992 | 6.10 -0.227 -0.06 -0.13 356.29 0.81 -0.76
1993 || 6.07 -0.201 -0.02 -0.11 356.99 0.70 -0.87
1994 |1 6.22 -0.073 0.05 -0.05 358.88 1.89 0.32
1995 (| 6.41 0.085 0.18 0.06 360.91 2.03 0.46
1996 || 6.52 -0.021 0.01 -0.13 362.69 1.78 0.21
1997 || 6.29 0.002 0.22 0.06 363.82 1.13 -0.44
1998 || 6.32 0.462 0.36 0.18 366.70 2.88 1.31

Moreover, the CO; content in the oceans is 50 times higher than

in the atmosphere and we far from know the CO, absorption capacity

by the oceans, at least quantitatively.

18
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An example: the Gulf Stream

The description and development of the heat transfer belt widely
escapes from the scope of this work. However the overall conclusions
are the following:

Sea streams play an extraordinary role in the heat distribution in
the Earth. They are responsible for the latitudinal heat distribution,
carrying the heat excess from Equator to northern latitudes, warming
those areas (Broecker 1987, Broecker and Kunzig 2008).

There are two different kinds of streams (Fig. 8):

- Hot streams, which come from Equator to northern latitudes,

moving through the ocean surface.

- Cold streams, which come from poles to Equator, carrying a

lot of nutrients which can feed the living organisms and fish.

Fig 8. The main global streams (The Broecker conveyor belt after the
original publication of Broecker from 1987)

The responsible engine for this movement is called
thermohaline circulation. It is due to the differences in the density

caused by the different salt concentrations and differences in the
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temperatures. The more salty the water, the heavier it is, and the more
cold the water, the more dense it is also.

During the winter, a lot of water is frozen, and during this
transformation, a lot of salt is released from the water before it becomes
ice. This very cold and salty water is quickly moving down and it
displaces close to the ocean floor, direction to Equator. During this
travel, that water masses pick up a lot of nutrients and cooler the
continents where it passes throw.

During the approximation to Equator, it water is warmed and
helped by some other factors, as winds, big amounts of very nutrients-
rich water comes up, causing oceanic blooms and very good for fishery
(for example, in front of Peru’s coast).

In the other way, big amounts of poor-nutrient water from
Equator are moving by the surface to the North and South Poles. This
stream warms a lot of places which, due to the geographic situation,
there should be much colder than really are, as British Islands.

But if the North Pole is melting, a lot of fresh water will be released
and the water will not be able to move down, so the stream will stop. If
it happens, many places in some northern regions will be much colder
than now and the Equator heat will not be distributed in the Earth. It is
said that if it happens, another ice age would start (Broecker and

Kunzig 2008). So here, we have other point which is still not clear.
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Conclusions — other new questions and concerns

The aim of this work was double: First described in a clear and simply
way the greenhouse effect, and another put on the table data and
evidence from different sources to enable the reader have an idea, may
be quite superficial, about the controversy arisen the concept global
warming, the complexity of the phenomenon and the interaction among
its possible causes. I hope I have fulfilled both goals.

I believe that the climate analysis with statistical methods is not
very accurate because it depends on many variables very volatile and
interlinked with one another. Besides the studies being carried out does
not take into account the geological scale of the Earth's climate, which
has changed on numerous occasions, both naturally and without that the
man was also acting negatively. An example would be during the
Mesozoic Era (225-65 million years ago) when the mean temperature
of the Earth was about 5°C higher than the current one.

If the temperature rise was true, we should have the following
question: were we the cause or the only cause? Why are not considered
other natural factors as solar cycles and astronomical causes? In Earth's
history there have been numerous increases and decreases in the
concentration of CO; in times in which they did not know the meaning
of the "industrial revolution" and even less were used "fossil fuel" as at
present, and we still don’t know the real causes of these fluctuations. In
my opinion, something is happened, but we still don’t know exactly

what, and of course, we can not be sure if we are the responsible.
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Abstract

Multiband aerial imagery in remote sensing is a technology used
more and more widely in present days. It can excellently be used in
research fields where there is need for high spectral resolution images
in order to obtain adequate level results. At present, data collection is of
a much higher level than processing and use. As the technical
development of sensors is followed by a significant delay in data
processing methods and applications, it seems reasonable to refine
processing methods as well as to widen practical uses (agriculture,
environmental protection).

The quantity and complexity of the data supplied by
multispectral and hyperspectral sensors are extremely high, so in order
to analyse them, an adequate level of hardware and software
infrastructure is needed. The circle of supporting programs is quite
limited. In the case of several GIS software (ENVI, IMAGINE),
independent digital image processing modules include the main image
processing methods (maximum likelihood, cluster analysis etc)

applicable for multi-channel images.
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In the year of 2004, a new examination method based on fractal
structure (Berke 2004) was introduced, which, according to our
experiences, has made more accurate spectral measurement possible as
opposed to other techniques. The mathematical process named spectral
fractal dimension (SFD) is directly applicable in multi-dimension
colour space as well, making thus possible to choose new examination
methods of multiband images. With the help of SFD, it is possible to
obtain more useful data offered by high spectral resolution, or to
choose the bands wished to process applying different methods later.

In the present publication, the mathematical basis of the SFD parameter
will be described as well as some possibilities for its practical use
(spectral curves, examination of noisy images). The practical
applicability of SFD-based spectra in the case of important plant
cultures will be introduced, and SFD-based spectrum directories will be
suggested to set up. A new, SFD-based calculation method will be

suggested for red edge inflection point.

Keywords. Hyperspectral Remote Sensing, Image Processing,
Multispectral Remote Sensing, Spectral Fractal Dimension, Red Edge

Inflection Point, Stress Detection, Spectral Noise Detection
Osszefoglalds

Napjainkban a tavérzékelési moddszerek koziil a tobbsavos
légifelvételezés egyre szélesebb korben hasznalt technoldgia. Kivaldan
alkalmazzak olyan kutatasi teriileteken, ahol a megfelelé szintli

eredmény elérése érdekében nagy spektralis felbontasu felvételekre van
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szlikség. Jelenleg az adatok gyljtése fejlettebb szinten all, mint azok
feldolgozasa, hasznositdsa. Mivel az érzékelok technikai fejlédését a
feldolgozasi modszerek és az alkalmazasok jelents késése koveti,
indokoltta valik a feldolgozasi eljarasok pontositasa valamint a
gyakorlati  alkalmazasok  (mezégazdasag,  kornyezetvédelem)
lehetdségeinek kibdvitése.

A multi- és hiperspektralis érzékeldk altal szolgaltatott adatok
mennyisége, ¢s komplexitasa rendkiviil nagy, ezért elemzésiikhoz
megfeleld szintli hardver €s szoftver eszkdzhattérrel kell rendelkezni. A
feldolgozast tamogatd programok kore elég korlatozott. Szamos
térinformatikai szoftver esetében (pl. ENVI, IMAGINE) 06nall6
képfeldolgozd6 modulok tartalmazzak a sok csatornaszamu felvételek
esetében alkalmazhato fobb képfeldolgozasi modszereket (maximum
likelihood, cluster analysis, stb.).

A 2004. évben bevezetésre keriilt egy olyan ) -
fraktalszerkezetre épiild - vizsgalati modszer (Berke, 2004), amely
tapasztalataink alapjan mas technikakhoz képest spektralisan pontosabb
mérést tesz lehetdvé. A spektralis fraktdldimenzioként (SFD) elnevezett
matematikai eljaras kozvetlen alkalmazhat6 tobb dimenzids szintérben
is, lehetové téve ezzel a tobbsavos felvételek vizsgalati modszerének
ujszerli megvalasztasat. Segitségével novelhetjiik a nagy spektrélis
felbontas kinalta hasznos informaciok kinyerését vagy olyan savok
kivalasztasat, amelyeket mas modszerekkel kivanunk feldolgozni.

Jelen publikacioban bemutatdsra keriill az SFD paraméter
matematikai alapjai mellett a gyakorlatban torténd alkalmazas néhany

lehetdsége (spektrumgorbék, zajos képek vizsgalata). Bemutatjuk az
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SFD alapt spektrumok gyakorlati alkalmazhatosagat fontosabb
novénykulturdk  esetén,  valamint  javasoljuk =~ SFD  alapt
spektrumkonyvtarak létrehozasat. A vords-él szamitas uj, SFD alapu

szamitasi modszerére tesziink javaslatot.

Introduction

Remote sensing images can be classified according to several
points, eg. the aim of data collection, the height of where the image was
taken, spatial resolution, wave length range, or the number of channels.
Based on the number of channels, the following classes can be
identified:

e Panchromatic images: 1 channel

* Colour images (RGB cameras): 3 channels

= Multispectral images: 4-20 channels

= Hyperspectral images: 21- channels (EU Council, 2003)

Panchromatic images are usually of high spatial resolution, and
are made integrating visible and near infrared range. Multispectral
images contain several channels of wider band channels, whereas
hyperspectral images are of narrow band width (0,01 um) with greater
number of channels (Sabins, 1987; Schowengerdt, 2007). In images
taken in more than one channels-due to high spectral resolution-,
landmarks and surface details can more easily be identified than using
only one channel. That is the reason why the application of
multispectral and hyperspectral imagery devices is getting more and

more emphasis nowadays.
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Remote sensing applies and records electromagnetic energy
reflected or emitted by the objects on the soil surface. Detecting
devices primarily detect reflected energy with wavelengths under 3000
nm, whereas with wavelengths over 5000 nm, emitted energy is
detected. Elements of different characteristics will take a different
reflection (or emission) value in certain wavelength ranges, depending
on the physical and electromagnetic features, as well as the wavelength
of the electromagnetic radiation of a given substance. The curve of
reflection values of objects represented in a wavelength graph is called
a spectral reflection curve (Sabins, 1987; Berke et al., 2004). Based on
this curve, microorganisms, minerals, plants, buildings and artificial
materials can easily be identified, as different materials have different
reflection curves due to their different characteristics. Digital spectral
libraries (USGS Digital Spectral Library, Aster Spectral Library),
containing ’spectral fingerprints’ recorded under given conditions and
collected in libraries, play a significant role in spectral identification.
The standard spectral profiles are usually used as references in the
identification of elements.

In the scientific literature on surface reflectance, several indexes
can be found that are generated from the reflection curve values and
certain differences. NDVI (Normalised Difference Vegetation Index) is
a vegetation index that is a first generation index widely spread in
remote sensing showing photosynthetically active vegetation. In case
the examined plant file contains soil spots as well, then SAVI (Soil-
Adjusted Vegetation Index) is to be used. Red Edge Index is considered

to be a second generation - or, after Broge and Mortensen (2002), a
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new generation - index, which describes the shape and relative situation
of the reflection curve (Red Edge Inflection Point - REIP). Throughout
the evaluation of the curve, the health state, stress toleration ability,
chlorophyll content, and infection level of plants etc. can be judged
from the shift of the inflection point (Varshney and Arora, 2004; Jung,
2005; Tamés and Ré6th, 2008). Out of several, two relatively simple
calculation methods have been used in practice:
Calculating REIP according to Clevers et al., (2002):
Jve = 700 + (740-700) [(Rye- R70)/( Rr40- Rroo)], ahol Rri= (Re70+R 7s0)/2
)
Calculating REIP according to Mutanga és Skidmore (2004):
Are =695 + (742-695) [(R,. - Rs95)/(R742-Re95)], ahol R,, = (Res3+R755)/2
2
where R;.= reflectance of inflection point,

R, = reflectance at A wavelength.

In multi-band imagery technologies, data are recorded in the
form of a ’data square’, each band of which is an image of the
examined area. The intensity values read from the vertical values of
image elements of the same area give the steady distribution spectrum
of the surface material of the area. The data recorded by multispectral
and hyperspectral sensors are raw figures that can be turned into
reflectance values having acquisited spectroradiometric references later
on the spot and other corrections (eg. atmospheric). Reflectance data
gained this way take into account the continuously measured
reflectance of incoming sunshine as well. After this correction, the

recorded spectrum of the image is suitable for comparison to other eg.
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laboratory spectra (Hargitai, 2006). In digital spectrum libraries, data
defined under laboratory circumstances are collected, in which no
effects of natural phenomena are included. They usually include the
data of pure or mixed materials, whereas our remote sensing devices
integrate a lot of other unique information in their output data
depending on the sensor and atmospheric characteristics, which can
significantly differ from one another. In order to acquire more accurate
reference data, often on-the-spot spectrometers are used with the use of
which differences between sensors can partly be compensated
(applying the same series of sensors), though the atmospheric effect can
not. A further problem is that the accuracy of on-the spot spectroscopic
examinations is also influenced by several factors (eg. calibration,
viewing angle, type of sensor, weather conditions), which can not be

post-corrected or repeated (Burai, 2007).

Materials and Methods

The location of our examinations was 15 km from Keszthely,
Hungary, a test area near Varvolgy, Hungary, where there are several
agricultural fields. We have been taking multispectral and hyperspectral
aerial images of the scene since 2006. The first hyperspectral images
were taken in 2007, using an AISA Dual hyperspectral sensor, which is
one of the most significant systems of the European Union (Nagy et al.,
2008). AISA Dual, as member of the AISA camera series developed by
SPECIM, Finland, was set up by joining AISA Eagle and AISA Hawk
sensors in a dual carrier. The two sensors are capable of collecting data

synchronically of the same earth band in the 400-2450 nm spectral
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range, in maximum 498 bands. Most important features of the sensors

can be seen in Table 1. (based on Burai, 2006).

Table 1. Technical parameters of AISA Dual

VNIR sensor SWIR sensor AlISA
(Eagle) (Hawk) Dual
Spectral range 400-970 nm 970-2450 nm 400-2450 nm
Spectral
244 254 498
channels
Spectral band
] 2.3 nm 5.8 nm
width
Spectral depth
_ 12 14 14
(bit)
Spatial pixel
1024 320 320
number
Optics 18.5 mm 22.5 (or 14) mm 18.04
Image creation
. . Up to 100
speed Up to 100 image/s Up to 100 image/s image/s

In the region of Keszthely, Hungary, there have been flights two

times. On 21. May 2007, after the test area of Varvolgy, the Valley of

the River Zala and several parts of the Little Balaton were captured. On

19. June 2007, the Varvolgy area was monitored. The sensor acquired

data from a height of nearly 1200 m. The result was images of 1m/pixel

resolution in 359 spectral bands (Kozma-Bognar et al., 2007). Owing to

high channel number, several bands were found that contained different
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kinds of noise. Based on visual interpretation, three different noise
types were identified (Kozma-Bognar, 2008):

e Geometric,

e Sensor-caused,

e Atmospheric.

Figure 1 shows an AISA image with no noise (254 bands),
whereas Figure 2 shows a band with atmospheric noise (273 bands)
after geometric and radiometric corrections carried out with the help of
a special software named Caligeo (Specim Spectral Imaging Ltd.).

In the noiseless images taken on 19. 06. 2007, land usage,
agricultural methods can well be identified, borders of fields and
agricultural directions can well be distinguished. Detailed information
is obtained on the spectral features of the surface, although the

resolution does not achieve sub-meter accuracy.

Figure 1. Noiseless AlSA image of Varvolgy - Figure 2. Noisy AISA
image of Véarvolgy 254th band image of Varvolgy - 273rd band

Adequate results can also be achieved if we need high terrain
resolution but not several channels, or in the lack of financial

background to use this equipment, with the application of handheld
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cameras attached to an aeroplane. Multispectral images were taken of
the Varvolgy test area which achieved sub-meter terrain resolution (10-
30 cm). Applied digital devices: Canon EOS digital camera for visible
light range (400-700nm), Canon EOS digital camera for

near infrared range (720-1150 nm), and a thermal infrared (12 000 nm)
camera developed by Hexium Company (Hexium Miszaki Fejlesztd
Kft.). The images taken by the cameras were georeferated, thus they
became suitable for adequately exact measurements as well as analysis
(Fig 3.) (Berke and Kozma-Bognar, 2008).

Terrain reference data were acquisited at the time of the flight or
shortly afterwards. Our primary aim was to map the plant cultures of
the area, and we identified several types of vegetation. During later
flights, changes were also recorded. The following material and data
were collected:

e GPS data (Busznyak et al., 2008),
e Meteorological data,

e Colour temperature data,

e Sample soil data.

The obtained data were recorded in a protocol each time, and
the images taken by handheld cameras throughout our work were also

enclosed (Kozma-Bognar et al., 2008).
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Figure 3. Matched and georeferenced aerial imagesin the visible (A),
near (B) and far infrared (C) range, respectively, of the Varvolgy test
area in Zala County, Hungary (photos taken on 19 June, 2007).
When starting the spectral fractal dimension measurement of the
different vegetations, we started off the multispectral and hyperspectral
images of Varvolgy and their characteristic reference data. SFD (SFD
official website) is a structure examining process derived from general
fractal dimension (Mandelbrot, 1983; Peitgen and Saupe, 1988). Not
only is it suitable for measuring spatial structures, but also for

measuring the colour structure of spectral bands, and it also gives
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enough information on the (fractal) features of colours and shades
(Berke, 2004; Berke, 2006; Berke, 2007; Berke 2008).
Let spectral fractal dimension (SFD) be:
Ls,
L,
- S ©)
log—L
Ss)

log
SD

where Lg; and Lg; are measured spectral length on N-dimension colour
space, Ss; and Sg, are spectral metrics (spectral resolution of the
image).
In practice, N={1, 3, 4, 6, 8, 10, 12, 32, 60, 79, 126, 224, 242, 254, 488,
498, ...}:

e N=I black and white or greyscale image

e N=3 RGB, YCC, HSB, IHS colour space image

e N=4 traditional colour printer CMYK space image, some CMOS
sensor

e N=6 photo printer CC,MM,YK space image, Landsat ETM
satellite images

e N=32 DAIS7915 VIS _NIR or DAIS7915 SWIP-2 sensors

e N=60 COIS VNIR sensor

e N=79 DAIS7915 all

e N=126 HyMap sensor

e N=254 AISA Hawk sensor

e N=488 AISA Eagle sensor

e N=498 AISA Dual sensor.
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In practice the measure of spectral resolution can be equalled with the

information theory concept of {Si=1, ..., S;i=16, where i=1 or i=2} bits.

Typical spectral resolution:

Threshold image -1 bit
Greyscale image - 2-16 bits
Colour image - 8-16 bits/bands.

On this basis, spectral computing is as follows:

1.

1l

1il.

1v.

Vi.

Identify which colour space the digital image is

Establish spectral histogram in the above space

Half the image as spectral axis

Examine valuable pixels in the given N-dimension space part
(N-dimension spectral box)

Save the number of the spectral boxes that contain valuable
pixels

Repeat steps iii-v until one (the shortest) spectral side is only

one (bit).

In order to compute dimension (more than two image layers or bands

and equal to spectral resolution), the definition of spectral fractal

dimension can be applied to the measured data like a function (number

of valuable spectral boxes in proportion to the whole number of boxes),

computing with simple mathematical average as follows:

< log(BM )

x e
2 og(BT)
o = : (4)

SD
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where

o n —number of image layers or bands

o S - spectral resolution of the layer, in bits — see Eq. (4.2)

o BM; - number of spectral boxes containing valuable pixels in

case of j-bits

o BT; - total number of possible spectral boxes in case of j-bits

The number of possible spectral boxes (BTj) in case of j-bits as follows:

BT, =(2°)" ()

Results

10 parts of field were examined, where 5 different kinds of
vegetation could be distinguished: corn, triticosecale, wheat, sunflower
and uncultivated land. The examinations included other objects as well,
like the road, and the wood band along it which mainly consisted of
wattle. Measuring the above introduced SFD structure parameter band
by band we were the first to make wavelength-based 16-bit spectral
curves ’fingerprints’ (Kozma-Bognar et al., 2008) of these plants and
objects (Fig. 4) as well as of the whole images for noise analysis (Fig.
5).

Based on Figure 4 (and the acquired data), plant cultures can
definitely be distinguished, and the most adequate spectral bands for
certain examinations can be identified. In Figure 5, the curves of the

average of the wood, the road and the above mentioned cultivated
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plants can be seen depending on the number of channels. The above

statements can clearly be seen on it.

Analysing the features of the curves made of the whole bands, noisy

bands can directly be suspected.

Corn, sunflower, wheat and triticosecale 16 bits SFD fingerprints by AISA DUAL /06/19/2007/ hyperspectral images
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Figure 4. Spectral 16-bit SFD ’fingerprints of corn, sunflower, wheat,
and triticosecale (above picture) and of uncultivated land, wood and
road (bottom picture) based on AISA Dual data
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It was understood that the noise on the whole image (e.g.
atmospheric effect) makes colour structure significantly worse, that is,
the SFD values significantly and quickly decrease, maybe oscillate.
Such ranges are bands are 116-125, 146-154, 183-204, 284-359. All
this can clearly be seen in the images in Fig. 1 and 2, where SFDy,=
0,4451, SFD;,=0,1622. The given ranges are the same as the noisy

ranges identified by visual interpretation.

SFD fingerprints of full-frame 16 bits AISA DUAL /06/19/2007 - Varvélgy/ hyperspectral images
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Figure 5. 16-bit spectral SFD fingerprint of the whole AlSA Dual
image (19. June 2007, Véarvolgy) for the identification of noisy bands

In order to identify the inflection point of the red edge in an
experimental way, comparing analysis was carried out. For this
analysis, the relations suggested by Clevers et al., (2002) and Mutanga
and Skidmore (2004), their SFD and reflectance based calculation

connections (Fig 6) (1), (2) were used.
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REIP /Red Edge Inflection Point/ value comparision by reflectance and SFD
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Figure 6. Red Edge Inflection Point identification on AlSA Dual images

using SFD fingerprints and reflectance data

Based on our AISA Dual images we can state that in the case of

plant vegetation, in the 640-770 nm and 690-720 nm ranges on SFD

based spectra ’fingerprints’, red edge inflection point can directly be

identified by searching a local minimum (Fig 7).

Vegetation REIP determination by SFD 16 bits fingerprints /AISA DUAL 06/19/2007 hypercpectral images/
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Figure 7. Identification of red edge inflection point on 16-bit SFD
curves of AISA Dual images based on local minimums
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It is therefore suggested that on SFD curves, red edge inflection point

be according to the following connection (Table 2.):

Aee = 690 + {SFDaviraE (690-720)}#30

(6)

Table 2. Measured and cal culated data for red edge inflection point
identification in nanometer, based on 16-bit S~D curves and
reflectance data of AISA Dual images

REB'g'kSg b- SFD SFD Mutanga Mﬁ't:aDn' o | SFD-
K ozma- lok.min. lok.min. - Clevers . 941 Clever
. 640-770 nm | 690-720 nm | Skidmore . S
Bognér Skidmore
Corn 716,29 719,07 719,07 717,19 720,89 730,31 725,11
Sunflower 716,26 719,07 719,07 714,80 718,49 729,43 729,42
Wheat 716,89 761,28 719,07 714,41 723,78 733,87 749,65
Triticosecale 715,93 719,07 719,07 716,18 718,98 728,20 727,50
Uncultivated
land 715,75 719,07 719,07 711,10 717,36 783,23 777,74
Wood 716,36 686,44 691,09 718,51 721,88 709,05 711,52

Based on measurements on the images taken with visible, infra

and thermo cameras it can be stated that, in the case of plant vegetation,

in the 660-820 nm range, on SFD based spectra ’fingerprints’, the local

minimum is (Fig 8.) 780 nm. All this can be derived mainly from the

different type sensors and multispectral data. This means that, though

the SFD based measurements we described make different terrain and

spectral resolution image data procession possible, the correspondence

we suggested under (6) is useable with SFD values measured in

hyperspectral data, but not in multispectral ones.
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SFD spectrum /Varvolgy/ - V-IR-FIR hyperspectral images 07/02/2008 - 8, 16 bits/layers
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Figure 8. Identifying red edge inflection point based on SFD curves of
multispectral images of visible, infra and thermo cameras

Conclusion

The SFD-based data processing method we have developed is
directly built on calculations on the structure of image data from remote
sensing devices (Berke, 2006), does not necessarily require the
application of complementary aerial or terrain radiation sensors, still it
gives well-applicable information in several cases. SFD-based structure
data are less sensitive to terrain, atmospheric or other correction
factors, as they are based on logarithmic calculations. Fingerprints have
been developed that, besides terrain identification, can also be
calculated using only image information, thus avoiding disadvantages
deriving from the lack or inaccuracy of the above mentioned
corrections. SFD spectral curves have been created, with the help of
which given surface shapes can be described, characterised, identified
and mapped similarly to reflectance curves. When creating a REIP

index, SFD spectral curve might even give an easier calculation result.
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For the identification of red edge inflection point, an
experimental correspondence is suggested (6), which, similarly to the
presently used experimental correspondence, gives an easily calculable

result with the use of SFD spectral curves.
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Abstract

The utilization of renewable energy sources considerably
contributes to the development of power supply in Hungary, which is
caused by the growing energy prices, certain issues on environmental
protection, and the efforts to reduce energy dependency.

In the future traditional fuels can be replaced by biomass mainly
- such as main and secondary products of animal breeding or forestry -,
due to its comprehensive utilization possibilities and the ability of
continuous reproduction. Finally, we have the proper technologies to
exploit them. In order to apply them in the most profitable way, we

have to use them in the place of production or in its close area.
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This study examines decentralized power generation, especially
the utilization of wood chips. The research focuses on match wood
burning as a possibility of local power supply and reveals its effects on
the economy, society, and environment. Practical application of the
data collected during the survey can reduce the energy dependency of a
given area, moreover, the whole country, thus create an environmental

friendly and sustainable energy management.

Keywords: renewable energy sources, biomass utilization, burning

wood chips

Osszefoglalas

A magyarorszagi energiaellatds fejlesztési feladatai kozott
fontos szerepet kap a megujuld energiaforrdsok minél szélesebb korben
valo alkalmazisa. Ezt els6sorban az energiaimport fliggdség
csokkentése, a kornyezetvédelmi szempontok érvényesitése ¢és a
novekvo energiadrak indokoljak.

A jovoben a hagyomanyos energiahordozok kivaltasanak
legigéretesebb megoldasat hazankban a mezdgazdasag altal nagy
tomegben Ujratermelhetd novényi eredetli biomassza-féleségek, a
mezOgazdasagi  és  erddgazdasagi  melléktermékek  kinaljak.
Hasznositdsukhoz ma mar megfeleldé technologiak  allnak
rendelkezésre. Gazdasagos alkalmazasuk leginkabb az eldallitas helyén,

illetve ahhoz kozeli vidéki térségekben valosulhat meg.
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A vizsgalat a decentralizalt energiatermelés kérdéskorét tekinti
at, melyben a kiilonb6z0 biomassza féleségek koziil fontos szerephez
juthat a jovében a faapriték hasznositds. A vizsgalat soran a faapriték
hasznositassal ~megvalosuldo  telepiilési  szinti  energiatermelés
gazdasagra, tarsadalomra és kornyezetre gyakorolt hatasaira keressiik a
valaszt. A kutatds sordn felhalmoz6dd gyakorlati tapasztalatok
elosegithetik egy-egy térség, régid, és ebbdl addoddéan az orszag
energiafliggéségének csokkentését ¢€és egy kornyezetbarat és

fenntarthato energiagazdasdg megteremtését.

Kulcsszavak: megujuld energiaforrasok, biomassza hasznositas,

faapriték tiizelés

1. Introduction

In March 2007 the Council of the European Union sanctioned
an objective to increase the quantity of renewable energy sources up to
20 per cent by 2020 in proportion to 1990, while the emission of
greenhouse gases should be reduced by 20 per cent.

In present-day Hungary the ratio of renewable energy sources to
total energy consumption is about 3,8-4 per cent (Tovari and
Koérmendi, 2007). Both Hungarian energy policy and issues in the topic
urge to extend the use of biomass as a renewable energy source.
Raising the percentage is important in fulfilling the objectives set up by
EU; furthermore there is a chance to exploit farm lands in order to

decrease energy import. (Bohoczky, 2007).
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Energy from biomass can be employed in rural areas mainly.
Local power supply based on biomass energy pares down shipping,
storage, and distributional charges, while it remains competitive with
fossil resources (Bai, 2007).

Wood chips burning is to become the most vital way of
providing energy for minor settlements and bureaux. Many are the
examples from Germany, Austria, or Denmark, where hundreds of
wood chipping furnaces were built in the last 15 years. These heating
plants utilize fuels that are developed locally, so the money assigned to
power generation falls to the district’s share. According to rough
estimates, in Burgenland (province in Austria) the finances gained by
applying ca. fifty local stokers using biomass energy are equal to the
total value of capital investment (Garai and Riebenbaurer, 2007).
Hopefully, in the near future Hungary will set up this new and efficient
procedure in rural development, too.

For the moment, in our country chips burning is limited to the
areas where there is none, or insufficient gas network. However, it can
be successful in districts with gas network as well: prices are increasing
while the assistance system is changing, therefore people will soon

realize the advantages of this fresh method (Kovacs, 1995).

2. Material and Methods
The present study analyzes the technical and service data of a
heating plant set up in Pornoapati in 2005. The stoker employs wood

chips. The energy for heating and domestic hot water preparation in the
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village is provided by the plant. The purpose of this process is to supply
energy for family houses, industrial units and institutions in an
environmental friendly way.

Energy resources of biomass origin meet the following
requirements in order to apply them properly in energy systems: base
material with appropriate quality and suitable application engineering.
In Hungary woods chips for burning are not standardized yet, so one
has to examine trade sources carefully before they choose the matching
combustion equipment and technology.

Experts improve efficiency and measurement methods by
continuously analyzing and normalizing the technology. = When
summarizing the advantages of utilizing biomass in energetics we have
to consider certain environmental, economic, and social points of view;
the issue of renewable energy sources and these three factors have to be

treated and solved together.

3. Reaults

3.1 Application engineering and base material supply

Porndapati set the objective to supply power for the community
by establishing a service that is environmental friendly, profitable and
improves the quality of life. The local authorities and the inhabitants
agreed to construct a heating plant burning wood chips. In the villages
of Austria such methods function properly, and the people living in the

border region see, know, and accept these technologies.
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The heating plant’s success consists of many elements: no gas
network was created in the vicinity, but there was large quantity of
biomass (wood chips), what is more the village won financial
assistance in 2005. The project contains three essential parts: the
heating plant, the thermal transmission line network, and the heat
centres.

The heat energy is provided by two 600 kW combustion
equipments using up wood chips and industrial waste-chip. The
insulated, buried thermal transmission lines are 3900 metres long
altogether. The consumers are equipped with the so-called heat centres
that convey the energy to the heating and domestic hot water circuits.

The settlement has 136 family houses; during the construction
stage 104 proprietors indicated their intention to join the network. The
expected energy demand was calculated respecting the fact that nine
public institutions and some local industrial units was to connect as
well.

In order to determine the proper dimension of a central heating
apparatus experts have to be aware of the heat demand. Since no data
existed about the heat energy consumption of the houses, it was
calculated by applying a variety of figures e.g. thermal insulation,
structural features, or how old the building is. Table 1 summarizes the

facts about the potential consumers.
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Table 1. Output and heat demand as estimated in the construction

period.
Output demand Heat demand / year Domestic hot water
demand / year
(kw) (GJ) (GJ)
Institutions 135 729 88
Inhabitants 1120 6402 894
Industrial units 121 760 20
Total 1376 8378 1002

Energy demands are significantly influenced by thermal factors
in the heating season. Under typical conditions the estimated value of
heat demand is 9380 GJ in a year; this is the total amount of demand
for heating and domestic hot water preparation. In order to transmit the
proper quantity of heat to the consumers, more energy has to be applied
in the system than the estimated amount, because energy is lost e.g. in
the heating plant itself (15%), in the thermal transmission lines (4%),
and in the heat centres (4%). Considering these figures it turned out that
the heat demand is 12096 GJ in a year, so the output of the combustion
equipment has to be 1200 kW.

Fuel demand is described as a ratio of the heat demand in a year
(12096 GJ) and the heating value of a combustible. The heating value
of wood chips varies by moisture, but we can calculate the actual value
by using the following formula (Kacz and Neményi, 1998):

Hy=0(100-w) —2.44 "w

H,= [MJ/kg]
" 100 8
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where Hy - W indicates the heating value of moist wood (MJ/kg)
Hy -0 - heating value of dry wood (w = 0) (MJ/kg)
W - moisture (%)

2.44 - enthalpy of vaporization of water at 25°C (MJ/kg)

Moisture content of stored chip is about 25-35%. Taking its average
(30%) into consideration we can express the heating value this way:
19 - (100-30) — 2.44 30

Hapo= = 12.5MJ/kg
100

It be as much as saying that the heating value of wood chips
with 30% moisture content is 12.5 MJ/kg; therefore the fuel demand is
(12096/12.5) 968 tons/year. This quantity is provided by industrial
units, the forest (111 acres) near the village, or any other external

source of supply.

3.2 Effects on the environment and the society

When producing, processing and using solid biomass we have
to be sure that we bring about the least environmental pollution. To do
so, we have to minimize the emission of greenhouse gases and other
harmful pollutants during the production, transportation and utilization.

The most notable effects of heating centres utilizing renewable
energy sources on the environment means that no emission is produced
by fossil fuels any more, because they are replaced with a well-

regulated central system. Table 2 summarizes the projected
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replacements in Porndapati considering the amount of traditional

energy sources.

Table 2: Quantity of fossil fuels replaced by renewable energies

Energy resources | Projected replacement
Coal 347 t/year
Fuel wood 260 t/year
PB-gas 4.9 t/year
Electric energy 370 MWh/year

Emission is reduced mainly by substituting coal and fuel wood
burning with the new technology. Electric energy is saved as well,
since domestic hot water is prepared in the heating plant.

The rate of emission is much lower when burning matchwood
than using the so-called traditional heating systems. It is mainly
because of the chemical components of the raw material and the
specific formation of the stokehold. At the same time we have to be
aware of an additional emission concerning pollutants like NOx or dust.

The emission of stokers with output 140 kW — 50 MW is
restricted by law [23/2001 (13.11.) Instruction of KOM]. The statute
declares that the extent of emission has to be monitored by the service
provider once in a year; at his own expense he is bound to entrust an
organisation determined by law with doing the measuring. Table 3
compares the predetermined threshold limits and the actual values
computed by the Hungarian Institute of Agricultural Engineering in

Porndapati in December 2006.
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Table 3: Limits of emission and actual values measured in Porndapéti

Air pollutants Threshold Actual values Actual values
limits Furnace 1. Furnace 2.
[mg/m?] [mg/m?] [mg/m?]
50% rate | 100% rate | 50% rate | 100% rate
of of of of
charging | charging | charging | charging
Solid material 150 128.9 131.6 145.0 140.2
Carbon monoxide
250 23.1 119.4 64.4 116.9
(CO)
Nitrogen oxides
) 650 142.3 125.2 158.9 100.8
(in terms of NO,)
Sulphur dioxide and
sulphur trioxide (in 1000 114.1 90.3 135.0 76.3
terms of SO,)
Unburnt organic
carbon compounds in 50 2.6 31.9 19.5 26.2
terms of coal

Source: My own table based on the data provided by 23/2001

(XI.13.) KoM rendelet and the report of Hungarian Institute of

Agricultural Engineering, 2006

The concentrations above (unit: mg/m’) mean flue gases with

11 per cent oxygen content. Built-in elements (dust and waste gas

filter) and the use of chemical-free base material assure that the

regulations will not be violated.

Projects like this contribute to rural development. They bring

about progress in infrastructure and employment, increase capital

investments, while people living in a clean, ordered environment will

form a rounded whole. The time one spends to supply power for the

household will decrease, thus individuals will have more and more
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spare time, which plays an important role in bettering the quality of
life.

Promoting environmental protection and environmentally
conscious attitude involves providing large-scale information about the
utilization of renewable energy sources in an efficient way. The most
notable effect of the project lies in its capability to form people’s
attitude and make them change their minds, though this outcome can
hardly be illustrated with numbers. The experiences gained during the
construction and operation processes can break new grounds and help
evolve a specific branch of rural development in Hungary.

Someday there will be demand for energy plants which gives
rise to a more reasonable utilization of soil and the production of
marketable commodities. The establishment of energy crops would also
be a possible solution for the problems of over-production and
marketing.

Activities associated with the exploitation of renewable energy
sources (e.g. agriculture, transportation, trade, industrial processing)
may create new work opportunities in a given region, contribute to
expand the income-earning facilities in rural areas and increase the

population-retaining capacity of settlements.

4. Discussion
The exploitation of biomass may provide safe power supply,
reduce energy dependency and help establish sustainable development

and sustainable energy management in Hungary.
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Wood chips burning is the only one of the possible methods for
local power supply. In the surrounding countries we can see many
examples for this modern, environmental friendly and efficient way of
biomass utilization. In Hungary we have to choose carefully the place
for these new models and technologies, because a wrong decision may
hinder the success of other projects for years.

We can tell that in Porndapati the heating plant functions
properly and this long-term investment can be maintained, since
biomass energy is competitive with the actual costs of fossil resources.

Base material supply is uninterrupted in the heating plant,
because the required quantity of wood chips (1000 tons/year) is
available at a fair price. The fully automatic application technology
meets the environmental regulations and points of view.

Unfortunately, in our country efforts to utilize biomass or other
renewable energy source are suppressed by the existing infrastructures
(e.g. gas network). Licensing procedures are usually long and
complicated. In spite of all these facts, the ratio of renewable energy
exploitation will increase in the near future, since fossil fuels are more

expensive but less available.
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Summary

Agrochemicals must undergo numerous toxicological tests
before registration. One of these experiments is the examination of eye
irritation potential. To get knowledge about eye irritation, nowadays
only the in vivo Draize-test is accepted, which is one of the most
criticized methods because of the injuries inflicted on the test animals.
Because of this fact, several various in vitro tests have been developed
to replace the rabbits in detecting the irritation potential of chemicals.
One of these alternative methods is the HET-CAM test, which uses the
chorioallantoic membrane (CAM) of the embrionated chicken egg.

In our studies comparative screening was performed with a set
of agrochemicals to establish paralell data on in vitro (HET-CAM) and
in vivo (Draize) results in the case of 12 liquid agrochemicals. The
solutions to be tested are added to the membrane and left in contact for

5 minutes and the membrane is examined for vascular damage at set
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time periods. Irritancy is scored according to the severity and speed at
which damage occurs providing an indication of the likely irritant
effect of the compound.

Our study showed good correlation between results obtained by the
HET-CAM test and those of the Draize rabbit eye test in most cases.
The present form of the HET-CAM test can be proposed as a pre-

screen method of eye irritation tests.

Keywords: in vitro, HET-CAM, eye irritation

Osszefoglalas

A mezOgazdasagi vegyi anyagok forgalomba hozatalat
napjainkban szdmos toxikologiai vizsgalat el6zi meg. Ezek a
vegyszerek olyan tulajdonsdgait tarjak fel, amelyek a human
egészségkockazat jellemzéséhez sziikségesek. A  szemirritacid
mértékének meghatarozasara jelenleg a Draize-féle nytlon elvégzett
tesztbdl szarmazo eredményeket fogadjak el, de az er6sodo allatvédo
mozgalmak hatésara tobb olyan in vitro modszer is kidolgozas alatt all,
amely nem csak csokkentheti az emlds kisérleti allatok szamat, hanem
esetleg teljes mértékben ki is valthatja ezek felhasznaldsat. A
persektivikus alternativ modszerek kozé tartozik a jelen vizsgalatban

alkalmazott, a tyuktojas chorioallantois membranjat (CAM) hasznald
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HET-CAM teszt. Az in vitro modszerrel kapott eredményeket a Draize-
féle vizsgalatbol szarmazo in vivo adatokkal vetettiik Gssze.

A kisérletekben 11 folyékony novényvédo szert és 1 novény-tapoldatot
hasznaltunk fel.

A HET-CAM teszt elvégzésekor mindegyik vizsgalati anyagot
100%-0s koncentracidban alkalmaztuk. A tojasokat 70 %-os
paratartalom mellett 37 °C-on keltettiik, 9 napon at napi gyakorisaggal
forgattuk, hogy elkeriiljik az embri6 letapadasat. A 10. napon,
lampéazas utan a hibas tojasokat eltavolitottuk, majd el6készités utan a
chorioallantois membranra cseppentettiik a vizsgéalati anyagokat. A
kezelést minden esetben 4 alkalommal, 6 ismétlésben végeztiik el. A
CAM-on jelentkezd elvaltozasokat ¢€s a valtozasok megjelenési
iddpontjait masodpercekben rogzitettilk, majd ezekbdl irritacids
indexeket szamoltunk. A klasszikus Draize-féle szemirritacios
vizsgalatot 405-6s szami OECD Guideline alapjan végeztiik el.

A vizsgalataink sordan felhasznalt kisérleti anyagok in vitro
irritdcios indexei jO korrelacidt mutattak az in vivo adatokkal. Az in
vitro HET-CAM teszt szdmos eldnnyel rendelkezik az in vivo
modszerekkel szemben. Olcsébb és gyorsabb, mint a Draize-féle
vizsgalat, ugyanakkor eredményei jol kozelitik az in vivo adatokat.
Hatranya a szubjektivitas, ami miatt leginkabb mads in vitro tesztekkel
kombinélva lehet alkalmas az in vivo vizsgalatok kivaltasara. Nagy

érzékenysége miatt, mint elévizsgalat javasolhato.
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Introduction

Nowadays, all chemicals have to be tested before putting into
circulation. In this process toxicological examinations play an
important role, because they can show several features of the
ingredients, which preclude the possibility of manufacturing. To
determine the ocular irritation, only the Draize rabbit eye test is
accepted now. Because of the pain caused on the test animals, many
alternative methods have been developed to replace rabbits in the
future. most of these methods are in process of validation now.

The HET-CAM test, using the chorioallantoic membrane
(CAM) of the chicken egg, is one of the possible suggested alternatives
(Walum et al., 1992). The chorioallantoic membrane has been used
extensively for many years in various fields of biological research.
With arteries, capillaries and veins, the CAM can be regarded as a
complete tissue. It is technically easy to study and responds to injury
with inflammatory reaction, similar to the rabbit’s eye (Leighton et al.,
1985). The potential irritancy of compounds may be detected by
observing adverse changes, which occur in the chorioallantoic
membrane (CAM) of the egg after to test chemicals. During the test the
chemicals are placed directly onto the chorioallantoic membrane. The
changes of the vascular injury (haemorrhage, lysis) or coagulation in
response to a compound is an indication of the potential of the chemical
to damage mucous membranes. In our experiment 12 fluid
agrochemicals were evaluated by the HET-CAM test. The results were

compared with in vivo data from Draize eye irritation test.
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Materials and methods

Test materials

The test preparations included Previcur 607 SL (Propamocarb-
hydrochlorid), Charisma 207 EC (Famoxadone), Substral, Unifosz 50
EC (Dichlorfos), Confidor SL 200 (Imidachloprid), Fozat 480 (Glifozat
izopropilamin), Systhane 12 E (Myclobutanil, cyclohexanone), Sumi-
Alpha 5 EC (Esfenvalrate), Agrol, Topas (Penkonazol), Omite 57 E
(Propargite), and Chinmetrin (beta-cypermethrin).

Agrochemicals were tested in all cases at 100% concentrations.

HET-CAM test

The CAM is a complete tissue including arteries, capillaries and
veins, and is technically easy to study. It responds to injury with a
complete inflammatory reaction, similar to the tissue of the rabbit eye.

The potential irritancy of compounds may be detected by
observing adverse changes, which occur in the chorioallantoic
membrane (CAM) of the egg after testing chemicals. During the test
the chemicals are placed directly onto the chorioallantoic membrane.
The occurrence of vascular injury or coagulation in response to a
compound is the basis for employing this technique as an indication of
the likelihood that a chemical would damage mucous membranes

(especially the eye) in vivo.
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Shaver rusticbrow chicken eggs were used. Before testing eggs
were candled and any defective were discarded. The eggs were
incubated in a Ragus incubator. The temperature was 37 °C and relative
humidity was 70%. Eggs were rotated for 8 days to prevent the
attachment of the embryo to one side of the egg. They were candled on
the 9th day and any non-viable were discarded. The eggs were replaced
into the incubator with the large end upwards but were not rotated,
accessibility to the chorioallantoic membrane was ensured in this way.
On the 10th day they were prepared for assaying. The air cells were
marked and the section of shell was removed with scissors. The
membrane was moistened carefully with 0.9 % NaCl solution and eggs
were replaced in the incubator until ready for assaying.

Standards were prepared directly before each assay.

Standards: 2 eggs with 1 % Sodium dodecil sulphate and
0.1 M NaOH.

Controls: 2 eggs with 0.9 % NaCl.

Test: 6 eggs treated with pesticide
All test solutions were run on 4 separated replicates.
The membrane was removed carefully with tapered forceps. 0.3 ml of
test fluid was added to the chorioallantoic membrane and the effect was

observed over a period of 5 minutes. On the chorioallantoic membrane

hemorrhage, vascular lysis or coagulation can be seen. The times of
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changes were recorded in seconds. A computer software was used to
evaluate data (Invittox Protocol no. 47).

The computer software uses the following algorithm:

301-secH 301-secL 301-secC
RI= x5+ x7+ —— x9
300 300 300

Where H = haemorrhage, L = vascular lysis, C = coagulation, RI =
irritation index, and sec = start second.

Draize Rabbit Eye Test

In our experiment 3 New-Zealand albino rabbits were used in
each assay. The use of separated control group is not necessary, the
untreated eye serves as control. Rabbits were kept in the separate cages
of a climatic animal room. The temperature was 22-25 °C and relative
humidity was 50-70 %. Laboratory rabbit food was given for food, and
tap water was served to drink ad libitum.

A volume of 0.1 ml agrochemical was instilled into the
conjunctival sac of each rabbit. Ocular irritation was evaluated at 1
hour, 1, 2, 3, 4 and 7 days post installation (Draize et al., 1944).
Individual scores were recorded for each animal. The time interval with
the highest mean score (Maximum Mean Total Score — MMTS) for all
rabbits was used to classify the test substance by the system of Kay and

Calandra, (1962). The results can be seen in Table 4.

69



Judit Tavaszi, Péter Budai

Results

Results from the HET-CAM test
The numerical data are summarised in Table 1. During the 5
min period of observation after treatment with the test pesticides the

following changes were seen.

Table 1 Irritation indices from HET-CAM test

Test materials Irritation index
Previcur 607 SL 4.70
Charisma 207 EC 4.02
Substral 4.80
Unifosz 50 EC 4.96
Confidor 200 SL 4.92
Fozat 480 4.94
Systhane 12 E 11.50
Sumi-Alpha 5 EC 10.80
Agrol 4.80
Topas 11.55
Omite 57 E 10.21
Chinmetrin 11.70
SDS 1% +NaOHO0.1 M | 11.53

Using the Previcur 607 SL, slight haemorrhage occured
between 13 and 25 sec after treatment. The irritation index showed
Previcur 607 SL to be a weak irritant.

After treatment with Charisma 207 EC, slight haemorrhage
started in 9th sec after treatment. On the basis of the irritation index
calculated from the observed changes with the help of a computer

software, Charisma was a weak irritant at a concentration of 100%.
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When Substral was used, slight haemorrhage started in 10 to 16
sec after treatment. The irritation index showed Substral to be a weak
irritant in this concentration.

The Unifosz 50 EC caused slight haemorrhage that occured in 8
sec after treatment. On the basis of the irritation indices, this pesticide
is a weak irritant.

When Confidor SL 200 was used, slight haemorrhage started in
8 to12 sec after treatment. The irritation index showed Confidor SL 200
to be a weak irritant in this concentration.

The treatment of eggs with Fozat 480 induced slight
haemorrhage that started in 10th sec. On the basis of the irritation
indices, the pesticide is a weak irritant.

After the treatment with Systhane 12 E lysis was observed
between 5 and 12 sec, and haemorrhage between 14 and 28 sec. By
these results this pesticide is severely irritative.

The Sumi-Alpha 5 EC resulted mild haemorrhage after 2 to 7
sec. The irritation index showed Sumi-Alpha 5 EC to be a moderate
irritant.

Using Agrol, slight haemorrhage occured between 9 and 17 sec
after treatment. On the basis of the irritation indices, the pesticide is a
weak irritant.

Topas caused lysis started 5 to 10 sec and followed by
haemorrhage between 14 and 21 sec after treatment. On the basis of the
irritation indices, this pesticide is severely irritative.

The treatment of eggs with Omite 57 E induced lysis between
20 and 43 sec, and haemorrhage that started 45 to 77 sec after
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treatment. The irritation index showed Omite 57 E to be a severe

irritant.

Chinmetrin resulted lysis between 3 and 7 sec after treatment,

and mild haemorrhage after 9 to 16 sec. The irritation index showed

Chinmetrin to be a severe irritant.

The obtained irritation indices can be evaluated by using the

classification categories of Table 2.

Table 2 Classification categories of HET-CAM test

Irritation index Irritation category
0-0.9 no irritation
1-4.9 weak irritation
5-8.9 moderate irritation
9-21 severe irritation

Results from Draize-test

The obtained numerical data are summarised in Table 3.

Table 3. Irritation indices from Draize-test

Test material Irritation index Category
Previcur 607 SL 14 Minimally
Charisma 207 EC 10 Mildly
Substral 3.3 Minimally
Unifosz 50 EC 19 Moderately
Confidor 200 SL 12.67 Mildly
Fozat 480 13 Mildly
Systhane 12 E 81 Maximally
Sumi-Alpha 5 EC 74 Extremely
Agrol 15.3 Mildly
Topas 75 Extremely
Omite 57 E 85 Maximally
Chinmetrin 85 Extremely
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Slight redness for 1 hour, slight chemosis for 1 day and
moderate discharge for 1 day were noted post instillation of Previcur
607 SL. Iritis did not change. On the cornea no opacity was noted
during the observation period. On the base of irritation index Previcur
607 SL was minimally irritative to the rabbit eye.

Moderate redness, slight chemosis and moderate discharge were
noted in the first 2 days post instillation of Charisma 207 EC. Iritis did
not change. On the cornea no opacity was noted during the observation
period. On the base of irritation index Charisma 207 EC was minimally
irritative to the rabbit eye, but as the eyes did not return to normal in 48
hours, this chemical is mildly irritant.

Moderate redness and slight chemosis were noted in the first
hour post instillation of Substral. After 24 hours the treated eyes
returned to normal. Iritis did not change. On the cornea no opacity was
noted during the observation period. On the base of these results,
Substral was minimally irritative to the rabbit eye.

Slight redness, moderate discharge and severe chemosis were
observed after treatment with Unifosz 50 EC. Iritis changed in the first
hour, but in 2 days it returned to normal. There was no opacity on the
cornea. As the eyes do not returned to normal until the end of the
observation period, this chemical is moderately irritative.

Slight redness for 4 days, slight chemosis for 3 days and
moderate discharge for 2 days were noted post instillation of Confidor
200 SL. Iritis did not change. On the cornea no opacity was noted

during the observation period. On the base of irritation index Confidor
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200 SL was minimally irritative, but as the symptoms were observed
until the 4th day, the agrochemical is mildly irritative to the rabbit eye.

Slight redness, slight chemosis and moderate discharge were
noted in the first 3 days post instillation of Fozat 480, after 3 days the
treated eyes returned to normal. Iritis did not change. On the cornea no
opacity was noted during the observation period. On the base of the
observations Fozat 480 was mildly irritative to the rabbit eye.

After instillation of Systhane 12 E, positive conjunctival
responses with severe redness, severe chemosis and strong discharge
were noted until the end of the observation period.. Iritis changed in 1
hour. On the cornea moderate opacity was noted from the first day,
which was observed for 7 days. On the base of irritation index Systhane
12 E was maximally irritative to the rabbit eye.

Positive conjunctival responses with moderate redness, strong
chemosis and strong discharge were noted post instillation of Sumi-
Alpha 5 EC. Iritis changed in 1 day. On the cornea moderate opacity
was noted from the first day until the end of the observation period. On
the base of irritation index Sumi-Alpha 5 EC was extremely irritative to
the rabbit eye.

Severe redness, moderate discharge and strong chemosis were
noted after treatment with Agrol. The iritis and the cornea did not
change. The eyes returned to normal in 72 hours. With the irritation
index of 15.3, Agrol is mildly irritative.

Severe redness, chemosis and strong discharge were noted
during the observation post instillation of Topas. Iritis changed on the

first day, and did not return to normal in the case of 2 rabbits. On the
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cornea moderate opacity was noted from the first hour until the end of
the observation period. On the base of irritation index Topas was
extremely irritative to the rabbit eye.

After treatment with Omite 57 E severe redness, severe
chemosis and strong discharge were noted during 7 days. Iritis changed
from the first day and it was permanent during the observation period.
On the cornea strong opacity was noted from 1 hour in the case of one
animal and from the first day in the case of the other two animals, until
the end of the observation period. On the base of irritation index Omite
57 E was maximally irritative to the rabbit eye.

Positive conjunctival responses with severe redness, chemosis
and strong discharge were noted during the observation post instillation
of Chinmetrin. Iritis changed after 1 day. On the cornea moderate
opacity was noted from the first day, and strong opacity from the 4th
day until the end of the observation period. On the base of irritation

index Chinmetrin was extremely irritative to the rabbit eye (Table 4).

Table 4 Classification of eyeirritation scores from Draize eye irritation

test

MMTS Irritation classification

0.0-0.5 non

0.6-2.5 practically non

2.6-15.0 minimally
15.1-25.0 mildly
25.1-50.0 moderately
50.1 —80.0 severely
80.1 -100.0 extremely
100.1 — 110 maximally
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Discussion

The HET-CAM test has several advantages including its
rapidity, simplicity, sensitivity, ease of performance and its relative
cheapness. Disadvantages of the HET-CAM test are the subjective
nature of the evaluation of the results. The evaluation cannot be done in
the case of opaque chemicals, because these materials cover up the
membrane. To test powder or granulate formulations the rinsed method

of the HET-CAM test can be used, but this is more complicated than

the simple method because of the injury caused by rinsing.

The results of in vitro and in vivo tests can be seen in Table 5.

Table 5 Irritation categories by HET-CAM test in comparison to
irritation categories by Draize rabbit eye test

Pesticide Category from Category from
HET-CAM test Draize rabbit eye test

Previcur 607 SL Weak irritative Minimally
Charisma 207 EC Weak irritative Mildly

Substral Weak irritative Minimally
Unifosz 50 EC Moderate irritative Moderately
Confidor 200 SL Weak irritative Mildly

Fozat 480 Weak irritative Mildly

Systhane 12 E Severely irritative Maximally
Sumi-Alpha 5 EC Severely irritative Extremely
Agrol Weak irritative Mildly

Topas Severely irritative Extremely
Omite 57 E Severely irritative Maximally
Chinmetrin Severely irritative Extremely

In several experiments a good correlation was found between
the results from in vitro HET-CAM test and the results from in vivo

Draize eye irritation test (Luepke and Wallat, 1987). In 1992 the
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German authorities accepted the use of HET-CAM data for the
classification of R41 chemicals in the notification of new industrial
chemicals (Balls et al., 1999).

In this study a good correlation was also seen between the data
from in vitro and in vivo methods. The HET-CAM test could not
replace the currently used Draize eye irritation toxicological test, but it
could diminish investigations in mammals as well as limit or eliminate
pain and damage in animal experiments. In this form HET-CAM test

can be useful for a pre-screen method.
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Abstract

The effective plant protection constitutes a basic element of the
economic plant production. Beside even the most modern chemicals
new techniques and methods are necessary to ensure uniform covering
of the crop surface with the chemicals and by this to decrease yield
losses. For these an effective tool is the using of modern information
devices. Considerable amount of chemicals can be spared and
decreasing of environment pollution can be achieved by using air-
assisted sprayers, controlled droplet applications and target sensing

techniques and site specific methods by seriousness of the infection.

Key words: plant protection, application techniques, electronic,

informatics.
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Osszefoglalas

A ndvénytermelés biztonsdganak alapvetd feltétele a
novényvédelmi miiveletek hatékony elvégzése. A ndvényvédd szerek
magas fejlettségi szintje mellett elengedhetetlen a miiszaki eljarasok
tovabbfejlesztése, ) korszerli technikdk bevezetése, melyek célja a
veszteségek csokkentése, a védendd célfelillet minél jobb és
egyenletesebb fedésének biztositasa. Ennek egyik hatékony eszkoze a
korszerti informatikai eszk6zOk alkalmazasa. Nagymértékli vegyszer-
megtakaritast és a kornyezet terhelésének fokozott csokkentését teszi
lehetdvé a szélaranyos, szabalyozott cseppméretii permetezés, a
1égzsakos permetezés, a novényérzékeld permetezok, a szabalyozott és
helyspecifikus, fertdzés-aranyos permetezési rendszerek alkalmazasa.
Kulcsszavak: novényvédelem, alkalmazastechnika, elektronika,

informatika.

Introduction

Further technical development methods, introduction of new
techniques and modern plant protection, based on informatics can
considerably promote the safety of the treatments, of its biological
effectiveness and decrease the amount of pesticides and fungicides
used, as well as of environment pollution. Such new techniques are the
air-assisted sprayers, the controlled droplet applications, the target-
sensing techniques, and the site-specific methods directed by
seriousness of the infection or weed covering. Beside the survey of
these technical methods and their electronic background this article

presents a computerized measuring and evaluation method developed
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by the Department and used for control of technical parameters of the

plant protection equipments.

Site specific sprayers

Dosage regulators

By using electronic doses regulators the overdosage and
underdosage of spray solution can be avoided and achieved saving of
chemical amounts as much as even 30 % (Fig.1). A special measuring
apparatus has been developed at our Department to investigate the
regulation characteristics of dose regulators. By this the typical
functions of the regulators can be determined at a given dose and at
differing speed changes, independently, whether these speed changes

occur within one gear or at changing the gear.
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| — —Iy2 Flowmeter
| ( : v,
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Operating speed simulator Test stand Motor and pump
Fluid pipe — — —— Low voltage cable

Fig. 1 The dosage regulating and measuring apparatus
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Parts of the apparatus are:

a pump mounted to an electric motor with continually-
variable speed to transport fluid to the armature

a speed simulator ,

a collecting tube to collect spray output from parts of
supposed field sprayer boom (pin valves mounted between
the armature and collecting tube make possible adjusting
proper cross sections ensuring desired flow speed in the
supposed boom sections with given number of nozzles),

a PC to display signals from the flow-meter speed simulator

or electric motor.

To investigate dynamic characteristics of a sprayer the following

changes of working situations can be simulated by changing the

rotation speed of pump motor, for example at 1,5 — 2,0 — 2,5 m/s flow,

or 300 I/ha amount of water:

a) start or stop of spraying,

b) speed changes within gear or at changing the gear, and

c) stop or start of different parts of the boom.

To investigate static characters using constant speed and PTO rpm the

following characters can be measured:

d) repeated setting of the same volumes, and

e) accuracy of the flow meter.

From the time functions given by the PC on the display, correction time

span and actual doses deviation from the nominal value can be

determined.
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GPSin the plant protection

The precision plant protection has three main conditions:
continuous, accurate position determination, space-informatics devices,
and automated work on the ground. The changing characters of the
field, like weed covering or weed number has to be established or
measured at different points and to find later again an accurate site-
determination. This will be made nowadays by using GPS. The GPS
(Global Positioning System) is now available for everybody. The
system were originally planned and developed for military purposes,
but soon were recognized its importance in the civil life, and as a
consequence an entire industrial sector developed to produce and
develop receivers, and the number of its users is continually increasing.
The intention was to develop such a system, which determines different
distance points on the main land or sea using the position points of the
satellites. The absolute accuracy of GPS is now 15-20 m, which is good
enough for navigation, but the precision plant protection needs a better
accuracy, 3-5 m. The accuracy can be increased by differential
measuring, by which the position of a receiver standing on an unknown
point can be determined by its relation to known points. This is the
differential GPS (DGPS), of which accuracy can be even a centimeter.

The parallel steering system is also a GPS-application (Fig.2).
This system makes it possible moving of a machine group with its
previously determined working width parallel on the field steered using

given basic points.
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Fig. 2 Schematic overview of a parallel guidance system.

An improved version of this system is the FieldPilot (Fig.3). In
this system the steering, spray regulation, and also the on/off handling
of the boom is automatically running. By this the operator can pay
more attention to the other critical functions, e.g. to the height of the
boom, to spreading of the fluid, to the speed of the machine or to the
condition of supply tank or feeder. Guidance of all functions will be
made only by a single control plate and simple intuitive handling units.
For full automation the steering function integrates also the steering of
boom parts in order to a very accurate spraying at the end of the rows
and especially at the end of point rows. When the sprayer arrives at a
place sprayed before, the steering function will switch off the spraying.
By avoiding the overlapping pesticide will be saved. The accuracy of

the modern DGPS may be as much as even 5-25 cm.
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Fig. 3 Schematic overview of FieldPilot on a plant protection sprayer.

Last year (2007) a GNSS basic station (GPS, Gloness and
Galileo) were established at the Georgikon Faculty of University of
Pannonia. This station serves with correction data (and others) in RTK
2.1 (DGPS), RTK 2.3, and RTK 3.0 format. These corrections can be
used very effectively within a distance of 50 km. Their accuracy is on
geodesy level (GPS coordinates with an accuracy of a cm), its integrity

amounts to 95-99 %.

Gl Sbased pesticide application
The Geographical Information System (GIS) offers the
possibility of detailed description of a field (unit of treatment) using

aerial photographs and satellite receptions. By coupling these and other
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information (e.g.at application of pesticides) the GIS opens new
perspectives in the estimation and decrease of risks during plant
protection. The GIS system and the digital image processing allow
creating weed covering maps to promote site-specific plant protection.
This method will be considered to be an off-line weed-sensing method.
In this case first a digital aerial photograph will be produced (full area
representation), which will be evaluated by an image analyzing

software and then converted to a digital weed-cover map (Fig.4).
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Fig. 4 Weed cover map of a field
The map can be introduced into the board of computer of the
sprayer and will direct the spray only to the weed covered surfaces, to

save pesticide amount.
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Pesticides get their official permissions at severe conditions to
minimize environment risks. This means also, that during their
application certain distance to biotops (water supplies) has to be
ensured to avoid environment pollution as a consequence of droplet
drift. These distances are different, and depending on the chemical, it
can be even 100 meters. The infringement of these rules involves
penalty, and will be supervised by territorial authorities. Using GIS
data the agricultural areas can be categorized with respect to
applications of chemicals and of water supplies and biotops (Fig.5).
Therefore 5x5 m raster cells will be created for the entire field to be
sprayed, and for all cells the distances from water supplies (biotops)
will be determined by the GIS functions. By this a simple GIS data

collection can be served to the board computer of the sprayer machine.
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Using GPS first the exact location of the boom will be
determined, then the distance of the biotop (water supplies) using the
line code of the pesticide (automation). The nozzles can be
disconnected according to this information. The possibilities of GIS
usage is however wider: When the distance of cells and of water supply
are considered as basic information, using data given for the chemical

also a correction can be made automatically to eliminate the drift effect.

On-line pesticide feeding

The modern informatics system makes possible the site-specific
treatment by direct pesticide feeding into the transport liquid. The PC-
assisted automatic system considers both the moving speed of the
sprayer and the weed infestation (Fig. 6). The central unit feeds the

chemical according to the speed of the sprayer.

Fig. 6 On-line pesticide feeding
@ Water tank, (2) Cut-off valve, (3) Drain valve, (4) Suction filter, (5) Main pump,
(6) Pressurefilter, 7) Sectional valve, (8) Manometer, (9) Pressure regulator,
(10-11) Pesticide tank, (12-13) Feeder pumps, (14-15) Electromotor,
(16) Speed signal radar,  (17) Central unit.

88



The use of electronics and informatics on plant protection sprayers

Target-sensing sprayers, real-time spraying

The observation and recognition of the target plants are basic
elements of the target sensing and real-time spraying as well as the
quick on-site data processing and the correct pesticide output. The
sensing of the target weed may be based on using infrared beam, on
wavelength of reflected light, or real image analysis. The multi-sensor
system is somewhat more complicated (Fig. 7). In this case plant
sensors and solenoid valves will be mounted onto the boom before each
of the nozzles. Here there is no real image processing yet, the sensing
will be made by photodiodes based on recognition of reflected light of
wavelength typical for the target weed.

L}
7

ana "'mm__

Fig. 7 Schematic overview of the electronic net of the multi-sensor

system and individual plant sensors.

To avoid undesired effect of speed differences, a radar-sign will
be used. All the sensing and command devices communicate through a
special electronic net including the computer, data collector and control

monitor, built in the driver’s compartment.
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The modern  spraying
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T
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produces digital pictures of @7
generator

a given field strip and

forwards it into the computer Fig. 8 Schematic overview of the

of the drivers compartment to real-time control.
process it. A Windows NT-based operational system runs on the
computer, producing a weed map for the control panel and
communicates continuously with the programmable logic controller
(PLC). Ethernet connection exists among the units (Fig. 8). The data
processing and command must be quick enough because of the time-
delay of the hydraulic system and must be conform with the changing
machine speed, too. The PLC unit controls the solenoid valves built just
ahead of the nozzles. The nozzles can be switched on/off individually,
and they spray onto the weed-infested field spots reproduced on the
weed map. In this system there is no previously mixed chemical and
water, but during the spraying concentrated fluid pesticide will be
injected into the water-flow creating different concentrations as needed.
For this an exact liquid measuring is necessary, which will be made by
a flow-meter of Raven SCS-700 typ. The computer will determine the
amount of op to four different pesticides to be used, depending on the

machine speed and severity of weed infestation (Gillis et al., 2003).
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The combined using of different plant sensors and image
processing enables working of autonomous sprayers. According to
Korean scientists Cho and Ki the machine vision and fuzzy logic
determines the working direction of the sprayer, while ultrasound

recognizes the plant surfaces (foliage) to be sprayed.
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Fig. 9 Machine vision and image processing to determine moving

direction of an autonomous sprayer.

For steering and control of a full automatic sprayer the
conventional ,,yes” or ,,no” or 1 and O values are not enough for
control, therefore more detailed ,,real values” by help of fuzzy logic are
necessary, like 0,5 (,,partly”), 0,2 (,,somewhat”), 0,8 (,fairly”). The
main components of such an autonomous sprayer are: camera,
ultrasound sensors, fuzzy logic controller and hydraulic steering and
driving. A black-and-white CCD camera will see the weeds and send
digital data in 512x512x8 pixel resolution to an image analyzer

software. This camera is mounted to the head of the sprayer. The
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forwarded data will be processed in form of 128x128 pixel pictures.
After digitalization a histogram will be created from the data (Fig. 9) by
which the FLC will determine the optimal driving direction and send a
command signal to the hydraulic driving. The data processing takes 1,2
sec using a normal IBM PC 486. Ultrasound sensors mounted in front
and up on the machine will measure the distance of the machine from
trees and other plants, those mounted to back and side will observe
plant leaves and switch off/on the boom sections right and left. The
FLC output signals will be interfaced with solenoid valves through an

Intel 8255 and the relies used as an i/o interface (Cho, 1999).

Decreasing of pesticide losses

Considerable amount of pesticides can be saved and decrease of
environment pollution achieved by speed-related output, using of air-
assisted sprayers, controlled droplet applications, target sensing
techniques and site specific methods by seriousness of the infection

(Fig. 10).
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Fig. 10 Model of wind-related droplet production

The advantages of this system are:
- nearly stable droplet size will be achieved in a wide dose
and speed spectrum,
- avoids droplet drift into water supplies and neighboring
cultures,

- lower liquid use, and by this a larger area can be sprayed.
Air-assisted spraying

In cultures of the arable land this method was successfully used.

An air stream pressed above the nozzles transports the droplets onto the
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target plants (Fig.11). The amount, speed and direction of the air can be

regulated, and this allows spraying even at a wind speed of 5-6 m/s.
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Fig. 11 Air-assisted spraying

Investigations on micro-size distribution of droplets

The effectiveness of spraying is influenced by the droplet size

distribution produced by the nozzles. The parameters of the ideal range
of droplets (droplet size, droplet number, covering rate, homogeneity,
active substance distribution) can be ensured by optimization of the
droplet size, and can be measured or estimated by different methods: by
direct observation of the spreading, or by sampling.
The direct spreading observation gives distortion free, real and
reproducible data. The sensing, measuring and evaluation can be
combined into one step if laser technique + electro-optical system + PC
will be used together.

At the sampling method color-marked water will be sprayed into
silicon oil, and the size of droplets will be evaluated by image analyzer.
To measure droplet distribution on the crop leaves, spraying onto
water-sensitive paper, film samples or real leaf samples can be used.

Determination of droplet characters can be made by PC-assisted image
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analyzer, by a covering meter, and the measuring of active substances

sprayed onto the leaves by a spectrofluorimeter.

In the last years investigations have been made on hydraulic
nozzles, on mechanical rotation nozzles (CDA) and on their covered
types, as well as on air injection nozzles and asymmetric nozzles. To
determine droplet structure water sensitive paper sampling were made
during working the nozzles at different pressure (and rpm) using the
following image analyzer system and modules:

- data input for individual droplet structure were made by a SONY
CCD monochrome video camera with a Computer TEC-M55
F2,8 objective,

- for measuring at operating the sprayer to determine covering rate,
droplet number and active substance distribution a HP ScanJet
6100C scanner of 600 dpi physical resolution was used,

- for communication between the camera and program: Fidelity 200

grabber card,

- for image analysis : GLOBAL LAB Image software,

- for data analysis: Excel programs adjusted to the individual

investigations.
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The first step of the image analysis is
the perception of the droplets on the
sampling paper (Fig. 12). The optically
magnified picture by the camera will
be introduced through a grabber card to
the image analyzer program. Since the
camera is able to percept just a
determined number of pixels, in order
to increase the accuracy of the
measuring the rate of magnification
will be adjusted to the droplet sizes.
The pictures recorded by the 600 dpi
resolution scanner are sufficient to the
desired accuracy, moreover this
recording system need a shorter input
time. The analysis can be made using a
256 gray-scale picture or using color
photo, where to each color an

individual gray-scale will be given.

Fig. 12 Water sensitive paper

sample used at investigation of
a TX Conelet VK 26 type

nozzle at work.

Following these transformations the yellow background of the samples

differs well from the darker spots of the droplets. Segmented and

detected the pictures they are ready for measurements. Some steps of

the preparation are shown on Fig. 13 Following these transformations

the yellow background of the samples differs well from the darker spots

of the droplets..
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Fig. 13 (a) color to gray transformation, (b) inverse picture (easier to
follow visually), (c) noise reduction, (d) detection and water shed,

(e) transformation.
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Fig. 14 Droplet structure by a rotation nozz e of type Micron X1 at rpm
n=1410 1/min.

After calibration the data transformed will be evaluated by using
an Excel program adjusted to the method of investigation. From the
area of the flattened droplets their diameter are counted, then their
density function represented according to their size and also their

cumulative frequency are represented on logarithmic diagrams based
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on their size and volume. The diagram on Fig. 14 shows the most

important characters of the pulverization.

Conclusions

The improvement of new techniques and the development of
technical procedures are essential for an increasing effectiveness and
safety in the plant protection. These can also considerably decrease the
losses and ensure a better and more uniform covering of the plants ith
pesticides. Utilizing the modern informatics it became possible the
usage of wind-related spraying with regulated droplet size, the air-
assisted spraying, the target-sensing spraying, the site-specific and by
the seriousness of infection the regulated spraying.

Using a special operation, by which active injectors can press
air into the nozzles, wind-relating droplet-producing system was
developed. In this system a computer determines the droplet size based
on wind-speed measuring, to avoid droplet drift. For this the computer
gives command to regulate the pressure of the liquid and the assisting
air. The amount of pesticide mixture can be reduced to 100-200 I/ha,
and a safe spraying can be made even at a wind speed of 4-5 m/s. In
case of the air-assisted spraying an air stream will be blown out of a
tube located above the nozzle and this transports the pesticide droplets
onto the target surface. The speed, amount and direction of the air
stream are well regulated allowing the spraying even at a wind speed of
5-6 m/s.

More solution has been developed for the site-specific

treatment. The orchard sprayers provided with infrared or ultrasonic
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plant sensors switch off the nozzles in lack of tree leaves, which means,
that spraying happens in the presence of leaves only. Using GPS a
weed map can be produced and the spraying can be directed by using
the map. The site-specific spraying can be made also by help of direct
observation of the weeds using for this cameras or other sensors. The
automated differentiation of cultured plants and weeds allows pesticide
output according to the severity of the infestation. For this nozzles with
different outlet openings can be mounted onto the boom, to switch
on/off the openings individually or together according to the infection

rate, to spray out different amounts of pesticide mixture.
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Abstract

To design a solar thermal system with solar collectors, it is
important to be able to define the amount of heat provided by solar
collectors. The heat produced depends on the construction parameters
of the collector and the entire system the characteristics of the operation
and the climatic conditions of the installation site. The available basic
calculation methods for sizing solar thermal systems are only suitable
to preliminary estimations, in most cases accurate sizing is usually
carried out with computer-assisted modelling. To develop a model for a
solar thermal system first the model of the solar collector was
developed. To simulate the Viessmann Vitosol 200 D30 vacuum tube
collector the Hottel-Vhillier model was used. The solution of the
equation provided by the model and its validation with measured data
was carried out by the block-oriented Matlab+Simulink software

package.
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Osszefoglalas

A napkollektoros hétermeld rendszerek tervezésénél fontos a
kollektorok altal termelhetd hémennyiség meghatarozasa. A termelt ho
fligg a kollektor és a rendszer konstrukcidos paramétereitdl, az
iizemeltetés jellemzo6itdl ill. a telepités helyszinének klimatikus
jellemz6itél. A rendszer méretezéséhez rendelkezésre  allo
alapoOsszefiiggések csak elozetes becslésre alkalmasak, pontosabb
méretezeés szamitdgépes modellezéssel végezhetd. A rendszer termikus
modellezésének szerves része a kollektor modellezése. A Viessmann
Vhillier modellt alkalmaztuk. A modell altal szolgaltatott egyenlet
megoldasat ill. mérési adatokkal torténd ellendrzését a blokkorientalt

Matlab+Simulink programcsomag segitette.

1. Introduction
Prior to the installation of solar collector operated heat
utilisation systems, it is possible to define the performance of the
system by modelling it with the demands, local characteristics and the
technical parameters of the equipment devised. For the simulation of
the operation of the system, it is inevitable to make physical models of
the different components (collector, heat exchanger, storage unit)

which describe their energy balance (relations). The solutions of the
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equations and the validation of the developed models based on
measured data are well supported by the Matlab+Simulink block-
oriented software package. As the result of the computer simulation, it
is possible to define the parameters of the equipment’s performance,
the collector surface and the heat storage capacity. (Buzas et al., 2000.)
Since the 1990s Farkas and his colleagues have been working on the
block oriented modelling of several solar collector equipment. Taking
the data of several one-day-long periods as a basis, they made the full
model of a flat plate solar collector system and then with backfeeding
the measured data of the model they found that the system lends itself
to modelling by using physical models. At our department, we carried
out the block oriented modelling of a vacuum tube solar collector based
on the technical specification of the operating collector, using the

measured data acquisited during a whole calendar year.

2. Materials and methods
2.1. Description of the solar collector and the tested solar thermal
system

It was in January 2004 at the Department of Agricultural
Mechanisation of the Georgikon Faculty of Agriculture (the University
of Pannonia) when a vacuum tube solar collector hot water system was
installed both to serve scientific and educational purposes and to meet
the hot water demands of the training workshop. The system has two
collector loops side by side, both of which work for a 500 litre hot
water storage tank (Fig. 1). For one of the collector loops there were 3

selective flat plate collectors installed each with a useful area of
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1.76 m%, while for the other collector loop a 3 m* vacuum tube collector
was installed (type: Viessmann Vitosol 200 D30; for technical
characteristics see Table 1.; for construction see Figure 2.) to serve heat
generation. The collector-units are south-oriented, with tilt angles of
33°. The two loops have independent/separate circulation pumps,
installed in the collector return pipes, controlled by two separate
controllers.

The monitoring of the solar thermal system heat production is
supported by a HC-23 type, microprocessor based data collecting unit,
which automatically picks data from the measured points at regular
intervals of time set. The data stored at each measurement tome and
point: solar irradiation intensity, outer ambient temperature; for each
collector loop: the temperature entering and re-entering the collector,
the mass flow, the water temperature of the inlet and the outlet and also
taken at three different altitude points and the quantity of the hot water
used. Data are picked at every 5 minutes (customised) besides this, at
every change of the system’s conditions, the data collector picks the
respective data, all the data are transmitted to the port of the PC taking
the registration and then a software continuously run on DOS, saves the
data in table format. The data acquisition system is suitable for
continuous data registration, saving the data in newer and newer files

every oncoming month.
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Figure 1: The sketch of the solar thermal system

2.2. The mathematical model of the solar collector

The main question of modelling solar collectors is how to find
the best possible, most usable model. In practical cases, especially in
agricultural applications it is satisfactory to use a les sophisticated
dynamic model. It is often enough to calculate the temperatures of the
heat transfer fluid all along the full length of the collector (Farkas
1999.)
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Type D30
Number of tubes 30
Gross area m’ 4.38
Absorber area m’ 3
Aperture area m” 3.21
Dimension

Width mm 2159
Height mm 2028
Depth mm 138
Optical efficiency % 84
Heat loss correction value K1 W/(m**K) 1.75
Heat loss correction value K2 W/(m**K) 0.008
Weight kg 68
Heat transfer medium content litre 6
Permissible operating pressure bar 6
Max stagnation temperature °C 300
Connections @ mm 22
Required installation area on flat roofs m’ 4.38

Table 1: Technical parameters of the Viessmann Vitosol 200 D30

vacuum tube collector
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Figure 2.: Structure of the Viessmann Vitosol 200 D30 vacuum tube

collector

For the simulation of the collectors tested we used the Hottel-Vhillier
model. It gives the temperature distribution of the flowing heat transfer
fluid as a function of time and place. The equation to describe it is as
follows (Farkas 1999.):

.

aw

T(x,t) =Ty (t) +II((_t) n {Tin ®) =T, () — 1(t) } . eim

where :

cm specific heat of the heat transfer fluid [J/kgK]
Ty ambient temperature [°C]

I solar irradiation intensity [W/m®]

x  length of the collector [m]

m  mass flow rate [kg/s]
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w  width of the collector [m]

T  the collector’s outgoing temp [°C]

t time [s]

Tin,  inlet collector temperature [°C]

k.w heat transfer coefficient between the absorber and the
environment [W/m’K]

knw heat transfer coefficient between the heat transfer fluid and the

environment [W/m’K]

The above model gives the temperature of the heat transfer fluid
along the length of the collector. The identification of the heat transfer
parameters (k,w and k;,w) can be made based on measured or calculated
data. The parameter identification problem can be defined by
minimization of the difference between the calculated (c) and the
measured (m) temperature in the given time period (t). Carried out the
identification the least square method was used as an objective function

(Buzas 2005):
Ik, Ko 1= j (T.(t)- T, (t))dt = MIN

to
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2.3. The data system used for smulation and the Simulink model

We used measured data of the period ranging from 1 April 2004
to 31 March 2005 to simulate the outlet temperature of the tested
collector. The columns of the data matrix were: time of measurements
[s], irradiation-intensity [W/m?], ambient temperature [°C], temperature
of the heat transfer fluid entering the collector [°C], temperature of the
heat transfer fluid leaving the collector [°C].

From the data matrix above we deleted the sets of values
belonging to the switched-off state of the circulation pump. (e.g. at
night and when it was overcast), as well as at the beginning and at the
end of operating periods, when there were some minutes with unstable
(unreliable) operation. These periods are characterised by the
alternation of the pump’s switched off/on conditions, which
significantly influences the evenness of heat transfer, that is it would
produce data rendering the simulation unreliable. The measured data
matrix (M matrix) acquired this way was saved in database for the
Matlab programme.

The Hottel-Vhillier model’s block oriented solution was used
for the simulation (Fig. 3), which can be created with the Simulink
software as a toolbox of to the Matlab (Buzas 2005).

The assumptions taken into consideration at the application of the

model can be summarised as:
1. During the operation period, the specific heat and density of the
heat transfer fluid (1:1 mixture of water and propylene-glycol) is

considered constant;
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2. The mass flow of the heat transfer fluid is considered constant all
through the circulation;

3. The heat capacity of the individual components of the collector
tested is ignored;

4. All the elements of the active surface of the collector tested is
considered as having the same temperature;

5. Examining any cross-section of the absorber tube, we take the
conditions of heat transfer as being the same;

6. The pipe-in-pipe absorber of the vacuum tube collector is
considered as a simple absorber pipe in the simulation;

7. The active width of the vacuum tube collector unit is the sum of

the widths of the absorber strings to be found in the pipes.
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Figure 3: The model of the solar collector in Simulink

3. Results
3.1. Steps and result of the simulation
First we ran the Matlab programme’s kollvak.m file, which
contains the M measured datamatrix and the values of the model
parameters. Then we defined the k., and k,, parameters as being

global variables and gave them the starting value 1.
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Then giving the time period, we had the simulation carried out
by using the Simulink model. The program calculated the results given
in Fig. 4.

The horizontal axis displays the time, in second, while the
vertical axis gives the collector outlet temperature in °C. The two
curves we got show the measured (continual line) and the calculated
(broken line) values respectively. Fig. 4 shows that when k,,=1 and
kmw=1 1n the best part of the test period, the outlet collector temperature

values calculated by the model are far cry from the measured values.
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Figure 4: Collector outlet temperature before parameter identification,
when kgw=kpw=1

The next step was the parameter identification, that is finding

values for k,, and kp, with which the Hottel-Vhiller equation

approximates the outlet collector temperature values based on

measured ones with the least possible error within the test period. It

needs running the kidvak.m file (used for the identification) which
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contains the time when measurements were taken and the
corresponding measured outlet collector temperatures; gives commands
to have the above simulation run again and then calculates the
differences and the square sum of the measured and calculated outlet
collector temperatures with the respective k,y and kp,, values. First we
defined the parameters to be identified in the Matlab command window
as being global variables. We had the kidvak.m file run as a trial with
1;1 values and then with 10;10 values just to make sure the parameter
transfer works. Then we started the Matlab built in minimization
algorithm the result of which was the parameters wanted: k,,=8.5022
Kmw=24.1497

Finally after running the Simulink model with the parameters
identified, and the results displayed, we got the curve to be seen in
Fig. 5.
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Figure 5: Collector outlet temperature values after parameter

identification
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3.2. Model validation —comparison of calculated values with a set of
measured values

The parameters k,, and kp, identified in the way described
above, are to be placed back in the Hottel-Vhillier equation and it gives
the equation describing the tested collector model, which - using the
starting data — calculates the temperature of the heat transfer fluid
leaving the collector. Naturally, the model is suitable for giving
approximate calculations, the exact outlet temperature can only be
defined with measurement. The validity (goodness) of the model can
only be evaluated if it is compared with the ‘outlet heat transfer fluid
temperature’ column of a measured data matrix. Here we are to use the
data matrix of a period of time other than that used at the identification
of the model.

To check the model we used the data matrix of June 2005. The
comparison of the measured and calculated values was made in an
Excel table. The data matrix contained 502 measured samples. The
maximum deviation of the model from the values measured was 12.05

°C, the average deviation within the measured period was 1.74 °C.

Discussion
The deviation averages to be reached by the model are within 2
°C, which - in case of a simulation based on the data matrix of a whole
year - is satisfactory. In some cases there were 10-12 °C differences
from the actual temperatures. The reason is might that the model does
not take into account the heat capacity of the collector elements and the

resulting slow reaction to the changes of the environment parameters.
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The temporarily unstable data of the starting and before-finish
periods were ruled out, however, in the data-line there must be some
data that registered changes beyond the sensitivity of the model such as
e.g. a sudden cloudy period made the model register the actual decrease
of the irradiation-intensity, while the temperature of the heat transfer
fluid leaving the collector still showed higher values corresponding to
the previous high irradiation-intensity. The simple model is not able to
exactly simulate such events, which might give rise to occasional
higher error values.

Taking the magnitude of the average deviation into
consideration we can state that the collector model is suitable to give
approximate calculations to estimate the outlet temperature of the heat
transfer fluid. As the given model is capable of simulating the normal
operation of the solar collector with a good approximation, it can be
declared that using the calculated outlet temperatures, it is suitable to

provide approximate calculations for the possible heat production.
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Summary

The pesticides and other chemicals used during the agricultural
production mean hazard for either the plants or animals, and through
the food-chain or during the work for peoples. So the stipulation of use
and circulation of these chemicals is authority registration. The organic
part of the registration documentation is the data of animal
experiments including the 2-year carcinogenicity study on rats or mice,
which is necessary for the final permission. On the basis of this study
the potential carcinogenic effect of the chemical product can be
estimated during a long-term, even life-span repeated exposition.

This assay summarize the results of observations and incidence

of spontaneous tumours of the control groups of a 2-year
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carcinogenicity study in Crl:CD Br rats with normal caloric intake. In
the control group of the study 50 animals of both genders were used.
Animals were observed for 104 weeks, particular attention was paid to
observe the tumour development during the palpation examination.
The body weight and food consumption of animals were regularly
measured. The body weight gain, and the daily food consumption per
animals were calculated. Haematological investigations were
performed by blood smear evaluation at 12, 18" and 24™ months. At
termination detailed necropsy was performed and the weight of
selected organs was measured. All organs and tissues fixed were
subjected to histopathological examinations. At histopathological
evaluations the observed neoplastic and non-neoplastic alterations
were identified and their frequency was evaluated.

The effect of ad libitum feeding manifested in the fast body
weight gain in the first year of the study. We observed slightly
increased mortality of male rats at around the 18™ month of the study,
which can be in connection with the rapid body weight gain of young
male animals. In spite of the ad libitum feeding, the percent survival of
both sexes was above 50% at the end of 24™ month, which is the
important acceptance criterion of the carcinogenicity studies. The
haematological findings and organ weight data well demonstrated the
age-related changes of the parameters of experimental animals. On the
basis of the pathological and histopathological results the most
common causes of death observed during the study were the pituitary

adenoma, which is common in the rat strain observed, malignant (often
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generalized) tumours, chronic nephropathy, lung oedema and serious
cystic degeneration of the adrenal glands.

Our results can be used as historical control data during the
evaluation of carcinogenicity studies performed in the investigated rat

strain under similar conditions.

Keywords: toxicology, authorisation, carcinogenicity study, rats,

feeding, historical control

Osszefoglalas

A mezdgazdasagi termelés soran felhasznalt novényvédo
szerek és egyéb kémiai anyagok veszélyt jelentenek mind a kezelt
novényekre, az allatvilagra, mind a téplaléklancon keresztiil vagy a
munkavégzés soran az emberekre. Az anyagok felhasznalasa ¢és
forgalmazasa hatosagi engedélyhez kotott. A regisztracios
dokumentacio szerves részét képezik az allatkisérleti adatok, beleértve
a két éves karcinogenitdsi vizsgalatokat patkdnyokon és egereken,
amelyek sziikségesek a végleges engedély megadasahoz. Ezen
vizsgélatok alapjan a kémiai termékek hosszu tavu, akar élethosszig

Jelen munkank Osszefoglalja egy Crl:CD Br patkanytdrzson
szokvanyos kaloria bevitel mellett végzett kétéves karcinogenitasi
vizsgélat kontroll csoportjanak megfigyelési eredményeit, valamint az
észlelt spontdn daganatok gyakorisagat. Nemenként 50 4llatot
alkalmaztunk a kisérlet kontroll csoportjaként. A kisérleti allatokat 104
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héten at megfigyeltiik, kiilonds gondot forditva a daganatok
fejlodésének megfigyelésére a palpacios vizsgalatok sordn. Az allatok
testtomegét ¢és tapfogyasztasat rendszeresen mértiik. A testtdmeg
gyarapodast és a napi, allatonkénti tapfogyasztast kiszamoltuk. A
kisérlet 12., 18. és 24. hoénapjdban hematologiai vizsgalatokat
végeztiink vérkenet értékeléssel. A  kisérlet végén részletes
kérboncolast végeztiink, és a kivalasztott szervek tomegét megmértik.
Minden tartdsitott szervet €s szovetet szovettani vizsgalatnak vetettiink
ala. A szOvettani vizsgalatok sordn azonositottuk a megfigyelt
daganatos és nem-daganat eredetii elvaltozasokat, illetve értékeltiik
ezen elvaltozasok gyakorisagat.

Az ad libitum takarmanyozas hatasa a gyors testtomeg
gyarapodasban jelentkezett a kisérlet elsé évében. Kissé magasabb
elhullasi aranyt tapasztaltunk a him &llatoknal a kisérlet 18. honapja
kortil, ami kapcsolatban lehet a fiatal him allatok nagyon gyors
testtomeg gyarapodasaval. Az ad libitum takarmanyozas ellenére a
tulélés szazalékos aranya a 24. honap végén 50% felett volt mindkét
nemben, ami a Kkarcinogenitasi vizsgalat fontos érvényességi
kritériuma. A hematologiai leletek és a szervtomeg adatok jol mutatjak
a kisérleti allatok paramétereinek korral Osszefliggd valtozasait. A
korbonctani és szovettani vizsgalatok eredményei alapjan az elhullasok
leggyakoribb oka a hipofizis daganat volt, ami jellemz6 a megfigyelt
patkanytorzsre, valamint a rosszindulati, gyakran generalizalt
daganatok, kronikus vese elfajulas, tiidé 6déma ¢és a mellékvese savos

cisztds degeneracidja. Eredményeink torténeti kontrol adatbazisként
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hasznalhatok hasonld koriilmények kozott az emlitett patkanytdrzson

elvégzett karcinogenitasi vizsgélatok értékelése soran.

I ntroduction

The pesticides and other chemicals used during the agricultural
production mean hazard for either the plants or animals, and through
the food-chain or during the work for peoples. The determination of
the risk or hazard represented by the chemical product is performed by
the toxicology, as interdisciplinar science. One of the main fields of
the usage of toxicological data obtained during the in vivo or in vitro
toxicological studies is the authority registration for using and
circulation of the pesticides and other agricultural chemicals. In case of
pesticides, The Plant Protection Products Directive (91/414/EEC), '"The
Authorisations Directive', was adopted by the Council of Ministers on
15 July 1991 and is implemented in Hungary by the Plant Protection
Law, 2000. XXXV., and the regulation 89/2004. (15 May FVM) and
(EC, 1991; EC, 1997), contain the data requirements and procedures
for pesticide registrations. The organic part of the registration
documentation is the data of animal experiments including the 2-year
carcinogenicity study on rats or mice, which is necessary for the final
permission. On the basis of this study the potential carcinogenic effect
of the chemical product can be estimated during a long-term, even life-
span repeated exposition (Wallace, 1989).

The most important symptom in the carcinogenicity studies is

the tumour (benign or malign) and the decision is very important if the
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tumour developed spontaneously, which is age-dependent process in
the rodents, or induced by the exposition to the test item. The presence
and evaluation of the historical control data is also very important
during the evaluation of the carcinogenicity study in dividing the
spontaneous and the treatment-related tumours and expressing an
opinion about the test item, which is the basis of the risk assessment
during the registration procedure and releasing for trading
(Tannenbaum, 1959; Ross et al, 1971; Kritchevsky et al, 1989).

The objective of the carcinogenicity studies are to observe test
animals for a major portion of their life span for the development of
neoplastic lesions, as part of a program of animal toxicity experiments
designed to provide information which will allow the test material to
be safe for a long-term use. The acceptable methods of carcinogenicity
studies are described in international standards (OECD, 1981; EC,
1988; US EPA, 1988; FDA, 1996).

This assay summarize the observations, incidence of
spontaneous tumours of the control groups of a carcinogenicity study
in Crl:CD Br rats. The control group of this study received ,,normal”
diet which allows the normal caloric intake usual in short-term studies.
Caloric intakes are now recognized to be important uncontrolled
variables in bioassays because rodents chronically fed ad libitum
become obese, reproductively senile and have increased incidences of
age-related diseases, higher tumour burdens and decreased survival
(Garfinkel, 1985; Lyon et al, 1987). Already in 1975 Berg suggested
that it might be pertinent to correlate tumour risk with overall dietary

life-style.
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Our results can verify the latter assumptions and can be used as
historical control data during the evaluation of carcinogenicity studies

performed in the investigated rat strain.

Materials and Methods

Experimental animals
Crl:CD Br (Sprague-Dawley) rats were used in this study. The source

of animals was the CHARLES RIVER WIGA GmbH, Sandhofer Weg
7, D-97633 Sulzfeld.

The rat is an internationally accepted species for carcinogenicity
studies. The Crl:CD Br rat is widely used for this purpose, therefore
historical data are available.

The study was started with 50 male and 50 female animals / groups.
The age of animals at reception was 5 - 6 weeks. The quarantine and
acclimatization period was 14 days after the reception of animals. The
body weight range of male animals was 120-148 g and the female

animals was 112-131 g at reception.

Hygiene and Health Conditions
The studies were started with animals of SPF state (certified by

supplier).

The animals were maintained behind a specified barrier system, in
separated room equipped with sterile air-conditioning system, air
filtered by bacterial filter EU9.

The animal unit had a clean corridor separated from a dirty corridor by

a barrier system with personnel and material lock.
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Cages and bedding were changed as required. Water bottles were
cleaned on a rota basis as required during the course of the study.
Room sanitation: the floor was swept and then mopped with an
acceptable disinfectant at the end of each working day.

Only animals in acceptable health condition were used in the study.
The health condition was certified by the responsible veterinarian on
the basis of external clinical examination and the results of base level
examinations.

Husbandry

Group caging was used at the beginning of this study, 5 animals were
housed per cages at start of examination, 3 animals/cage from the 6™
month and individual caging was used from the end of the first year.
Animals were housed in Techniplast T III plastic cages. Certified
laboratory bedding was used during the study. The microbial state of
each batch of bedding was checked. 12 hours lighting was supplied
daily from 6 am to 6 pm.

The range of room temperature was 22 + 3 °C, the relative humidity 50
+ 20 %. Air changes were 10-15 changes per hour, pressurized.

The cages were replaced to the place of the next cage as a circulation in
every two weeks during the study. The temperature and humidity were
monitored regularly.

Food and Feeding

In this study the animals received SSNIFF R/M-Z+H 15 MM
AUTOKLAVABLE COMPLET DIET FOR RATS AND MICE -
BREEDING + MAINTENANCE. In the assay this diet was called as
Normal Diet.
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The diet was produced by Ssniff Spezialdidten GmbH, D-59494 South

Germany. The food was offered ad libitum. Before the terminal

necropsy animals were without food for a night.

The check of ingredients and analytical examinations of diet were

done simultaneously. Besides, the diet was analyzed for possible

contamination (aflatoxin, pesticide residue, heavy metals) and

microbiological sampling was also made from every batch of mixing.

Quality control of diet was performed by National Institute for

Agricultural Quality Control (42 Remény Str. Budapest Hungary).

Nominal Contents of the Normal Diet

Table 1
Unit of
Content Value Measure
Crudeprotein 19.00 %
Crudefat 3.50 %
Crudefiber 4.90 %
Crudeash 6.00 %
AMINO ACIDS
Lysine 1.10 %
Methionine 0.60 %
Cysteine 0.25 %
Glycine 0.90 %
Leucine 1.50 %
Isoleucine 0.90 %
Arginine 1.20 %
Phenylalanine 0.90 %
Tryptophan 0.25 %
Histidine 0.45 %
Alanine 0.70 %
Tyrosine 0.60 %
Asparic acid 1.40 %
Glutamic acid 2.20 %
Valine 0.90 %

Unit of
Content Value Measure
TRACE ELEMENTS (per kg)
M anganese 75.0 mg/kg
Copper 12.0 mg/kg
Zinc 70.0 mg/kg
|odine 1.5 mg/kg
Iron 220.0 mg/kg
Calcium 1.00 %
Sodium 0.20 %
M agnesium 0.20 %
Phosphorus 0.80 %
VITAMINS (per kg)
A 27000 1U
Ds 1920 U
E 180 mg/kg
c 500 mg/kg
B1 24 mg/kg
B, 45 mg/kg
Be 25 mg/kg
B 90 ng/kg
Biotin 400 ng/kg
Pantothenic acid 60 ug/kg
Choline 2400 mg/kg
Folic acid 6 mg/kg
Nicotinic acid 90 mg/kg
Ks 4 mg/kg
Inositol 60 mg/kg
ME (per kg) 12.3 MJ
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Water Supply
The animals received filtered tap water, as for human consumption ad

libitum from 500 ml bottles (water was filtered by bacterial filter).
Quality control of water was performed in every three months by
Central Laboratory of Water and Canalization Company of the Capital
(23-27 Véci Str. Budapest Hungary). The food and water used was not
considered to contain any additional item in sufficient concentrations
to have a deleterious influence on the outcome of the study.

| dentification of Animals

The individual identification was performed by ear tags or tattooing
the tail of the rats. The numbers were given as following:

MALES FEMALES
Control X001-X050 X051-X100

The cages were identified by identity cards, with information about
study code, sex, dose group, cage number and individual animal

numbers.

Observations
Clinical observations

A careful clinical examination was made and recorded once prior to
the initiation of treatment and once weekly during treatment in all
animals. Individual observations included the check of the appearance,
condition, behaviour, activity, excretory functions, respiration, orifices
and eyes. All animals were observed daily to detect onset and
progression of all toxic effects as well as to minimise loss due to

diseases, autolysis, or cannibalism. Special attention was paid to
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tumour development: the time of onset, location, dimension,
appearance and progression of each grossly visible or palpable tumour
were recorded monthly from the start to 6 month, in every fortnight
between 7 and 12 months and weekly thereafter. Animals were
examined twice each day for being moribund state and mortality. The
date of death was recorded. Animals found moribund were isolated
and/or sacrificed. They were processed in the same way as the animals

of the terminal necropsy.

Body Weight
Body weight of all experimental animals was weighed weekly during

the first 12 weeks of the study and once in every four weeks thereafter
with precision of 1 g.

Food Consumption

The quantity of food consumed by the animals of each cage was
weighed weekly during the first 13 weeks of study and bi-weekly

thereafter with precision of 1 g.

Haematology
Blood samplings were carried out at 12th and 18th months, then at the

end of the study from the root of the tongue of every experimental
animal. The tongue was pricked with an injection needle and blood
was collected by a capillary containing heparin. Blood smear were
made taking out the blood from the capillary and the smears were
stained by Pappenheim, modified Pappenheim method. In these
sampling times differential white blood (WBC) cell count was

determined.
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Necropsy
From the afternoon of the day before the necropsy the animals were

fasted during 16-18 hours before the necropsy. Next day the animals
were euthanized by intraperitoneal injection of Nembutal. Thorough
post-mortem examinations were performed under the guidance of a
qualified pathologist on all animals including those found dead. After
the examination of the external appearance the cranial, thoracic and
visceral cavities were opened and the appearance of the tissues and
organs were observed, any abnormality was recorded with details of
the location, colour, shape and size. Selected organs (Brain, Liver,
Spleen) were weighted and recorded from all surviving animals at
terminal sacrifice with precision of 0.01 g. Relative organ weights
were calculated referring to the body weight and brain weight.

Histopathology

During the necropsy all organs and tissue samples of experimental
animals were removed for histological examination and preserved in
10 % buffered formaldehyde solution from all surviving animals,
moribund killed and deceased. Histological preparations and
histopathological examinations were performed on the preserved
organs or tissues mentioned above from all animals of the evaluated
groups. All grossly visible tumours or lesions were examined and the
results were recorded in all groups. The required samples were
embedded in paraffin wax and sections cut at approximately 5 microns
thick and stained with haematoxylin and eosin. Bones were decalcified
in 10 % formic acid. Used literature during the evaluation work were
as follows: Growing, 1980; Kardevan, 1976; Papolcsy, 1975; Resnik
et al, 1983.
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Results

Clinical Observations and Mortality
The proper conduct of carcinogenicity studies is an important part in

the evaluation and prediction of potential human carcinogens.
Significant reductions in the number of animals surviving to
termination have been widely reported in the scientific literature. This
is a matter of concern since inadequate carcinogenicity studies could
result in studies being rejected, and hence large numbers of animals
being needlessly used, or in the failure to identify potential human
carcinogens. For a negative result from a rat carcinogenicity bioassay
to be considered acceptable, survival at 24 months should be 50% or
greater in all groups (OECD, 1981; EPA, 1998 ; EC, 1988). In our
studies the mortality of animals were checked twice a day during the
treatment period, and the data were recorded in the appropriate record

sheet. The Table 1 shows the survival data.

Table 2. SQurvival of Ratsin the 2-Year Feeding Studies

Parameters Male Female
Animals initially in study 50 50
Moribund and dead animals 22 23
Survival (No) 28 27
Survival (%) 56 % 54 %
Mean survival (days) 639.7 653.4

In spite of the ad libitum feeding, the percent survival of both sexes
was above 50% at the end of 24™ month, which is the important
acceptance criteria of the carcinogenicity studies.

The survival graphs of male and female rats see in Fig. 1.
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Figure 1. Survival of Male and Female Rats in 2-Year Carcinogenicity Study
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In Figure 1 we can see that survival is lower in male at around the

18™ month of the study, which can be in connection with the high

body weights. Table 3 shows the frequency of clinical symptoms
observed during the study.

Table 3 Percentage Distribution of Clinical Sgns Observed during the

2-year Period
Sudden Body Weight Lost 2 4
Swollen Limb 10 2
Wounds 34 36
Anaemia 0 0
Bloody Discharge 0 0
Mammary Gland Enlarged 6 32
Glaucoma 4 0
Limb Paralysis 2 2
Nodes 30 22
Activity Decrease 2 2
Alopecia 10 18
Ataxia 0 4
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The observed clinical signs were in connection with aging of animals
and with tumour development. The increase of findings in mammary

gland of females is obvious.

Body weight and food consumption
The body weight and food consumption data of male and female rats

see in Figures 2 and 3. The effect of ad libitum feeding manifested in
the fast body weight gain in the first year of the study.

Figure 2. Mean Body Weight of Male and Female Rats
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Figure 3. Food COnsumption of Male and Female Rats
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Haematol ogy

The results of blood smear examinations at 12" and 18" months and at
the end of the 24™ month see in Table 3. The age-related change of the
ratio of segmented cells and lymphocytes are very well demonstrated

in this data set.

Table 4 Differential White Blood Cell Count in 2-Year Carcinogenicity

Sudy
GROUPS JU ST SE EO MO BA LY
% % % % % % %

MALE

Normal Diet MEAN 0.00 0.04 15.53 1.06 1.28 0.00 82.09

12 Months SD 0.00 0.29 9.63 1.44 2.26 0.00 10.31
n 47 47 47 47 47 47 47

MALE

Normal Diet MEAN 0.00 0.05 18.15 0.87 0.05 0.00 80.87

18 Months SD 0 0.32 10.05 1.2 0.32 0 10.01
n 39 39 39 39 39 39 39

MALE

Normal Diet MEAN 0.00 0.29 33.50 1.21 1.00 0.00 64.00

24 Months SD 0.00 0.71 14.53 1.75 1.92 0.00 14.57
n 28 28 28 28 28 28 28

FEMALE

Normal Diet MEAN 0.00 0.00 17.50 1.00 0.29 0.00 81.21

12 Months SD 0.00 0.00 9.73 1.37 0.82 0.00 9.66
n 48 48 48 48 48 48 48

FEMALE

Normal Diet MEAN 0.00 0.14 23.45 1.91 0.32 0.00 74.32

18 Months SD 0.00 0.51 13.09 4.29 0.86 0.00 14.55
n 44 44 44 44 44 44 44

FEMALE

Nor mal Diet MEAN 0.00 0.00 34.44 1.56 1.11 0.00 63.00

24 Months SD 0.00 0.00 18.75 4.62 2.31 0.00 20.00
n 27 27 27 27 27 27 27

Remarks: Ju: juvenile, ST: stab cells, SE: segmented cells, EO:
eosinophil cells, Mo: mono-cytes, BA: basophil cells, LY: lymphocytes
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Pathology
Neoplastic alterations

With macroscopic examination alterations of tumorous origin (masses,
foci, enlargements, etc.) could be observed in various organs of the
animals. In the males hypophysis tumours could be detected most
frequently, and the historical control data showed, that this type of
tumour is typical to this strain. Tumour under the skin occurred in all
groups too, but its incidence was lower, than of the hypophysis
tumour. Tumours were observed in males with low frequency in the
thymus, spinal column, omentum, kidneys, testes, prostate, abdominal
lymph node, liver, mammary gland, Tumour-like alterations
(enlargement, focus) occurred in males in the thyroid, salivary gland,
lungs, adrenals, kidneys, spleen and in different lymph nodes as well.
In the female animals tumour-like alterations occurred in the
hypophysis, brain, lung, liver, adrenal gland, kidneys, in the genital
organs, in the skin and mammary glands. These tumour-like alterations
of females occurred sporadically with low incidence. Tumours caused
moribund state or death sporadically with very low frequency in both
sexes. The shock was indicated as cause of death with increased
frequency in male animals, as well.

Non-neoplastic alterations

With the macroscopic examination a lot of non-neoplastic alterations
could be observed in the different organs of the experimental animals.
In the males dark-red, plethoric lungs, pulmonary oedema, heart
dilatation, congested liver, pale liver, pale kidneys, atrophy of genitals,
enlargement of testes and the thoracic cavity filled with serous liquide

were observed. In the females pale liver, enlargement of spleen and
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adrenals could be observed. The plethoric lungs and the pulmonary

oedema occurred in less cases than in the males. Most of the non-

neoplastic alterations were likely in connection with extermination and

agony, or parts of them were age-related, or sporadical, toxicologically

meaningless findings (congestion, discoloration, cysts, abscess etc.).

Organ Weight

The results of the organ weight measurements see in Table 5.

Table 5 Measured and Relative Organ Weights at the End of the 24™

Month

Measured Organ Weights (G) Relative ?orlgznd st'agthReferred
Group Body Weight | Brain | Liver | Spleen Brain | Liver | Spleen
Male Mean 621.36 241 [ 16.88 1.16 | Mean 0.39 2.73 0.19
Normal Diet Sb 46.09 0.13 2.90 0.32 Sb 0.03 0.55 0.05
24 Month n 28 28 28 28 n 28 28 28
Group Body Weight | Brain | Liver | Spleen Brain | Liver | Spleen
Female Mean 372.56 221 | 10.52 0.80 | Mean 0.60 2.87 0.22
Normal Diet Sb 41.11 0.10 1.98 0.30 Sb 0.07 0.73 0.08
24 Month n 27 27 27 27 n 27 27 27

Histopathology

At the histological evaluation of the sections of different organs we

observed different types of benign and malignant tumours, non-

neoplastic hyperplastic lesions and non-neoplastic other lesions

(degenerations, necrosis, inflammations etc.).

The main characteristics of malignant and benign neoplasms are

demonstrated in the Table 6.
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Table 6 Comparison of Benign and Malignant Neoplasms

Characteristic Benign Malignant
Growth rate Slow Rapid

Growth limits Circumscribed Unrestricted
Mode of growth Expansion Invasion
Differentiation Good Anaplastic
Stroma Usually abundant Usually scant
Metastasis None Frequent
Recurrence Rare Frequent

The most common causes of death were: pituitary adenoma, malignant
(often generalized) tumours, chronic nephropathy, lung oedema and
serious cystic degeneration of the adrenal glands.

Pituitary adenoma

Pituitary adenomas are well-delineated masses that compress the
surrounding parenchyma. The neoplastic cells are arranged in solid
sheets or compact branching cords. The vascular pattern may be more
or less evident, but large neoplasms often have angiectasis, cyst-like
lesions and/or haemorrhage. According to the historical literature data
the pituitary adenomas are common in Charles River CD rats. The
incidence varies from 0 % to 90 % in old male and female animals.

The other malignant tumours

In this study — in accordance with the historical data - pituitary
adenomas were the most common tumours. Undifferentiated sarcoma
in the heart, undifferentiated carcinoma in the skin, fibrosarcoma in the
skin, intestines and prostate, follicular carcinoma in the thyroid gland,
astrocytoma in the brain, adenocarcinoma in the lung, Leydig-cell

tumour in the testes were detectable only sporadically.
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The malignant tumours which caused death of animals were the
fibrosarcoma, and adenocarcinoma, which were infrequent in both
males and females.

Benign tumours

The most common benign tumour was in this study the mammary
gland adenoma in the female animals. The other types of benign
neoplasms, fibroma in the mammary gland, skin, thoracic or
abdominal cavity, fibro-adenoma and lipoma in the skin, adenoma in
the thoracic cavity, adrenal gland, thyroid gland, thymoma in the
thymus, pheochromocytoma in the adrenal gland, myxoma and
adenoma in the uterus, seminoma in testes had generally low
frequency.

Non-neoplastic hyperplastic lesions

At the histological evaluation of different organs of experimental
animals we observed non-neoplastic hyperplastic lesions (hyperplastic
nodules and bile duct hyperplasia in the liver, C-cell hyperplasia in the
thyroid gland, islet-cell hyperplasia in the pancreas, cystic hyperplasia
in the seminal vesicle) as well.

Hyperplastic nodules in the liver were rare and occurred in the control
animals as well. The foci of cellular alteration belonged mainly to
hyperplasias, that are perceived to be secondary, non-neoplastic
responses to degenerative changes of the liver. Some focus of cellular
alteration was basophilic, and eosinophilic character. No compressions
of surrounding parenchyma or higher incidence of mitotic figures were

seen.
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Bile duct hyperplasia is a common aging lesion in control rats often
accompanied by perilobular fibrosis. The C-cell hyperplasia in the
thyroid gland, the cystic hyperplasia in the seminal vesicle and the
islet-cell hyperplasia in the pancreas were detectable only sporadically.
Table 7 and Table 8 show the incidence of tumours in
histopathological findings, which can serve as a historical control data
in evaluation of chronic and carcinogenicity studies performed under
similar conditions. Table 9 shows the overall incidence of benign and
malignant tumours and hyperplastic findings by groups and sex at the

fatal death, moribund animals and at the terminal necropsy.

Discussion

The stipulation of use and circulation of agricultural chemicals,
especially of pesticides is authority registration. The organic part of the
registration documentation is the estimation of the carcinogenic effect
of the product on the basis of the 2-year carcinogenicity study on rats
or mice. In evaluation of this type of study the caloric intakes are now
recognized to be important uncontrolled variables. Furthermore the use
of historical control data during the evaluation is essential and
recommended by the internationally accepted guidelines (OECD,
1981; EC, 1988; US EPA, 1988; FDA, 1996).
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Table 7 Summary Incidence of Histopathological Findings
(Fatal Death or Moribund Condition) (Tumours)

GROUP Normal Diet | Normal Diet
HISTOPATHOLOGICAL | SEX Male Female
FINDINGS PER ORGANS | ANIMAL NR / GROUP (Died) 22 23
SUM z % z %
PITUITARY adenoma 7 32 13 57
adenoma - - 2 9
MAMMARY GLAND fibroma 1 5 - -
adenocarcinoma - 5 22
fibroma 1 5 1 4
SKIN carcinoma 1 5 2 9
fibrosarcoma - - 1 4
TUMOUR in the thoracic
R . adenoma - - 1 4
or abdominal cavity
myeloma malignum 1 5 - -
GENERALIZED sarcoma polymorphocellulare - - - -
TUMOUR fibrosarcoma 1 5 - -
carcinoma 1 5
LUNG adenocarcinoma 1 5 - -
HEART sarcoma 1 5 - -
ADRENAL GLAND cortical adenoma - - 2 9
THYROID GLAND follicular adenoma - - 1 4
BRAIN astrocytoma - 2 9
TESTES seminoma 1 5 - -

Table 8 Summary Incidence of Histopathological Findings
(Terminal Necropsy of Survivors) (Tumours)

GROUP Normal Diet | Normal Diet
HISTOPATHOLOGICAL SEX Male Female
FINDINGS PER ORGANS | ANIMAL NR / GROUP (Survival) 28 27
SUM z % z %
PITUITARY adenoma 5 18 18 67
adenoma - - 6 22
MAMMARY GLAND fibroma 1 4 - -
adenocarcinoma - - 1 4
lipoma 1 4 f B
SKIN fibro-adenoma - - 5 19
carcinoma - - 1 4
TUMOUR in the ‘thoracw adenoma 2 4 ! 4
or abdominal cavity
INTESTINE fibrosarcoma 1 4 - -
ADRENAL GLAND pheochromocytoma 4 14 - -
THYROID GLAND foll%cular aden‘oma 4 14 1 4
follicular carcinoma 2 7 1 4
seminoma 2 7 - -
TESTES
Leydig-cell Tumour 2 7 - -
PROSTATE fibrosarcoma 1 4 - -
UTERUS adenoma - - 1 4
myxoma - - 1 4
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Table 9 Overall Incidence of Benign and Malignant Tumors

Fatal Death and
Moribund Terminal Necropsy
LESIONS M F M F
No. of animals 22 23 28 27
pituitary adenoma 7 13 5 18
bening tumours 3 5 16 15
malignant tumours 6 10 4 3
tumours (total) 9 15 20 18
non-neoplastic hyperplasia 4 2 13 6
pituitary adenoma/animal 0.32 0.57 0.18 0.67
benign tumours / animal 0.14 0.22 0.57 0.56
malignant tumours / animal 0.27 0.43 0.14 0.11
tumours (total) / animal 0.41 0.65 0.71 0.67
non-neoplastic hyperplasia / animal 0.18 0.09 0.46 0.22
Remark: M = Male
F = Female

In our study we observed slightly increased mortality of male
rats at around the 18" month of the study, which can be in connection
with the rapid body weight gain of young male animals. In spite of the
ad libitum feeding, the percent survival of both sexes was above 50%
at the end of 24™ month, which is the important acceptance criterion of
the carcinogenicity studies (FDA, 1996).

The mean body weight and food consumption data are summarized as
well as the haematological findings and organ weight data. These data
well demonstrated the age-related changes of the parameters of
experimental animals (Karsai et al, 1993; Gal, 1999).

On the basis of the pathological and histopathological results the most

common causes of death observed during the study were the pituitary
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adenoma, malignant (often generalized) tumours, chronic nephropathy,
lung oedema and serious cystic degeneration of the adrenal glands.

The pituitary adenoma was observed with the highest frequency,
which is in line with the literature and proved strain-related alteration.
(Charles River 1988) The mammary gland adenoma in female animals
was the second very frequent neoplastic alteration. The incidence and
frequency of neoplastic changes are reported in details, so these can be
used as historical control data during the evaluation of carcinogenicity
studies performed in the investigated rat strain under similar

conditions.
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