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Thales and the birth of science

Thales of Miletus, one of the Seven Sages of Greece, is

regarded as the father of natural philosophy and

science. His contributions cover several fields:

= Mathematics. He introduced deduction through
theorems; he proved several theorems in
geometry, including those bearing his name: the
Thales” angle theorem and intercept theorem.

= Astronomy. He predicted the solar eclipse in 28
May 585 BC.

= Physics. He studied static electricity by
experimenting on amber (in Greek nAektpov—
electron) as well as magnetism. , !

= Surveying engineering. He measured the heights of : ‘ 1
pyramids and the distance of ships from the shore. '

= Hydraulic engineering. He made a diversion of the =~ Thales (624-548 BC)
river Halys for military purposes. Image source: Visconti (1817)

In addition to his scientific achievements on geometry and astronomy, he dealt
with the paradox of the Nile (will be examined below), thus highlighting the
importance of hydrology in the birth of science.
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Thales’ successors and the foundation of hydrological cycle

Anaximander of Miletus (610-546 BC) understood the relationship or rainfall
and evaporation.

Anaximenes of Miletus devised logical explanations for the formation of wind,
clouds, rain and hail.

Xenophanes of Colophon (570-478 BC) understood the presence of fossilized
marine organisms at three island locations and developed
a theory of alternating periods of flood and drought.

He proclaimed the sea as the source of clouds,

rain water and river flow.

Hippocrates of Kos (460 — c. 370 BC), the philosopher
and most outstanding figure in the history of medicine,
studied the relationship of water and health. He also
contributed to hydrology through his treatise Airs,
Waters, Places, where he clearly described the
hydrological cycle, including the fact that the salt
contained in sea water is not evaporated.

Hippocrates (460 - 370 BC)
Image source: Visconti (1817)

See details in Koutsoyiannis and Mamassis (2021)
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| Hydrology is the science of change and randomness;
Heraclitus described the nature of each in a few words

Heraclitus of Ephesus (535 -
475 BC) was another lonic
philosopher, father of
dialectics.

He emphasized the
dominance of change and
randomness in Nature.

«Mavrta pet» Heraclitus of Ephesus (535 —475 BC)

“Everything flows” depicted in the back facet of a coin whose front facet shows
Philip

(Heraclitus; quoted in Image source: Visconti (1817)

Plato’s Cratylus, 339-340)

«To avtiéouv oup@épov kal €k TV SLaPepovTwy
«Alwv nalc éott naillwv kaAAlotnv apuoviav kai navra kat' éptv yiveada»

ECTEUWV» “Opposition unites, the finest harmony
“Time is a child playing, springs from difference, and all comes
throwing dice” about by strife”

(Heraclitus; Fragment 52) | (Heraclitus, Fragment B 8)
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|Aristotle and the phase change of water

Aristotle (384 — 322 BC) taught mostly in Athens, but
his theories were influenced by lonic philosophers.
They expand to all aspects of knowledge; in
particular his treatise Meteorologica offers a great
contribution to the explanation of
hydrometeorogical phenomena:

«€tL 8" n uno tol nAiov avaywyr tol Uypol opoia Tolg
Sepuatvougvolc otiv Udaaotv Uno nupdc» (Metewpoloyikd, B2)
“the sun causes the moisture to rise; this is similar @
to what happens when water is heated by fire” Aristotle (384 — 322 BC)
(Meteorologica, ”_2, 355a 15) Image source: Visconti (1817)

«guvioraral maAw 0 atuic Yuyouevn Sia te tv anoAswv tod Fepuol kai Tov TOmov, Kai
yiyvetat Udwp € agpoc yevouevov &€ maAtv pEpetal mpog v yiv. Eott 6’ n uev €€ Udatog
avadupiaotic dtuic, n &’ €€ aépoc eic iSwp VEpoe»

“the vapour that is cooled, for lack of heat in the area where it lies,
condenses and turns from air into water; and after the water has formed
in this way it falls down again to the earth; the exhalation of water is
vapour; air condensing into water is cloud” (ibid., 1.9, 346b 30).
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Aristotle and mass conservation

Aristotle recognized the principle of mass conservation within the
hydrological cycle:

«wote [tnv Balattav] ovdénote Enpaveltal naAlv yap ékelvo @dnoetal kataBav €ic tnv
aUTAV TO MPOaVEATOV .

“Thus, [the sea] will never dry up; for [the water] that has gone up
beforehand will return to it” (ibid., 11.3, 356b 26).

«kav Un kat’ éviautov anodLé@ kai kad ekaotnv opoiwe ywpay, cAl’ v yé towv
TETAYUEVOLC XPOVOLC amobidwat m@v To An@dcv».

“Even if the same amount does not come back every year or in a
given place, yet in a certain period all quantity that has been
abstracted is returned” (ibid., 1.2, 355a 26).
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Aristotle and Change

Aristotle penetrated into the concept of change. He was fully
aware that the landscape changes through the ages and that rivers
are formed and disappear in the course of time:

«aAAa unv inep kai ol motapol yiyvovrat kai @dsipoviat kai un det ol avtol tonoL ¢
viic évubpot, kai tv daAattay avaykn petaBariewy opolwe. tijc 6¢ Yadartng ta puév
anoleumovang ta 6’ émouanc ael pavepov OTL TG aans yic oUk el Ta auTd T& Hév
o Badatra ta &’ Anelpog, aAda puetaBaAdet T@ ypovw mavras.

“But if rivers are formed and disappear and the same places were
not always covered by water, the sea must change
correspondingly. And if the sea is receding in one place and
advancing in another it is clear that the same parts of the whole
earth are not always either sea or land, but that all changes in

course of time” (ibid., 1.14, 353a 16).
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Aristotle and experimentation

Aristotle also understood by experiment that salt contained in water is not
evaporated:

«0tL 8¢ yiyvetat atpifouoa mOTIUOG kai oUk ei¢ JaAattav ouykpivetal To atuilov, 6tav ouvioTiTal
NAALy, MEMEPAUEVOL AEYWUEV»

“Salt water when it turns into vapour becomes drinkable [freshwater] and the
vapour does not form salt water when it condenses again; this | know by
experiment” (ibid., 1.3, 358b).

This has certainly found technological application in desalination (removal of
salt from sea water), useful in a country with scarcity of fresh water and many
shores and islands. Thus, we learn from a commentary on Aristotle’s
Meteorologica Il, written by Olympiodorus (the peripatetic philosopher, 495 —
570 AD), that:

“Sailors, when they labour under a scarcity of fresh water at sea, boil the sea-
water, and suspend large sponges from the mouth of a brazen vessel, to imbibe
what is evaporated, and in drawing this off from the sponges, they find it to be
sweet [fresh] water” (Morewood 1838; see also quotation by Alexander of
Aphrodisias, peripatetic philosopher, fl. 200 AD, in Forbes, 1970).
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Aristotle and the solution of the “Nile paradox”

Most of ancient Greek texts have been lost and information on them is indirectly
obtained from references in other books.

An example is Patriarch Photius’s (c. 810/820 — 893) Myriobiblon or Biblioteheca,
composed of 279 reviews of books which he had read. This book, perhaps the first in
history collection of book-reviews, written in Greek, was printed in 1611 with Latin
translation.

This gives important information about Aristotle’s decisive contribution in solving the
Nile paradox.

1611
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What was the N|Ie paradox?

The first great problem
related to a natural
behaviour and put in
scientific terms was the
cause of the Nile floods.
Posed by Thales, it was
debated for almost three
centuries (Burstein, 1976).

The historian Herodotus
cites four different
hypotheses up to his time
(one of which is his own).

What puzzled Greek
thinkers was the different
hydrological regime
compared to other
Mediterranean rivers: the
Nile floods occur in
summer rather than
during winter.
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The Nile (non)paradox in modern terms
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The solution of the paradox by Aristotle

«Ou ol Etijolal Mvéouat kara Tov kaupov tol axkuatotarou Fépouc &t° aitiav totattnv. O fALO¢ HETEWPOTEPOC Kai
Qo TV PECNUBPIVEY TOMWY GPKTIKWTEPOS YIVOUEVOS AUEL TG UYpa Ta €v Taic dprtols Avdueva §¢é tadta
ebaepoiital, £faspovpueva 68 nvevpatoltal, kai £k ToUTwy pivovral ol étrjotat dvepot [...]. Exkel &n talita
EKpepOEeva mpoortintel Toig UPnAotdrots dpeat Tii¢ Aitoniag, kol moAAd kai adpda ywvoueva anepyaletat
UETOUC" Kal €k TV UETWV ToUTwv 6 NeTAog mAnuuupet tol Sépoug, ano tév pueonuBpiv@v kai Enpv Tonwyv péwv.
Kal toiito AplototéAnc énpayuareioato’ aitos yap ano Thic pUosws Epyw Karevonaev, aéloas méual
AAé€avbpov tov Makedova gic Exkeivous Toug Tomous kai 6yet Thv aitiav tij¢ tod Neilov avioews napodabeiv.
A6 @nowv we Toito oUKETL mpoBAnud Eotiv Wedn yap @avepiic ot €€ Uetwv abést. Kai <Avetar> 10 napabdofov,
<dt1> év Tol¢ Enpordrols Témo tiic Aithoniag, év oic oUte yewuwv olite 6wp éati, EupBaivet tod Fépoug nAeioToug
vetouc yiveadar» (Avwvupog, Biog MuBayodpou, oto Qwtiou, Mupté6itBAov, Anon,
https://el.wikisource.org/wiki/Maptupiat_(ApiototéAng).

“The Etesian winds [i.e., monsoons] blow during the peak of the summer for this reason.
The sun, at the zenith passing from south to north, disintegrates the moisture from the
arctics and once this moisture is disintegrated, it evaporates and gives rise to monsoons
[...] When they reach the high mountains of Ethiopia and concentrate there, they produce
rains. These rains in full summer cause the flood of the Nile and make it overflow, while it
flows at the northern arid regions. This was analysed by Aristotle, who, by the
superiority of his mind, understood it. He demanded to send Alexander of Macedonia to
these regions, and to find, by sight, the cause of the flooding of the Nile. That's why
they say there is not a problem anymore. It became apparent by sight that the flow is
increased by these rains. And this solved the paradox that in the driest Ethiopian [i.e.
African] places where there is no winter nor rain, it happens that in the summer strong
rainfalls occur” (Photios, Bibliotheca, Comments on Anonymus, Life of Pythagoras,
http://remacle.org/bloodwolf/erudits/photius/pythagore.htm)
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Aristotle, Alexander and the
Hellenistic World

Aristotle, in addition to his many scholarly achievements, was tutor
of Alexander the Great.

Alexander, during his campaign, in which he conquered big parts of
Asia and Africa, was exchanging letters with his tutor (and his
mother Olympias), addressing his as professor (ka@nyntnyv).

The respect of the student to his mentor* resulted in the first Aristotle (384 - 322 BC)
scientific expedition in history in order to confirm a scientific ‘,ﬁ‘ng
hypothesis. jf 5
The Hellenistic period, which starts with the death of Alexander in A
323 BC and ends with the emergence of the Roman Empire in 31 r
BC, is marked by the wide dissemination of the Greek civilization
and the flourishing of science.

*Note that such respect is not the rule in history: Remarkable
counterexample is the conspiration of Kolmogorov, Alexandrov and Alexander of
other students of Luzin, to convict their mentor likely to death— Macedonia / the Great
an attempt which was prevented by intervention of Kapitsa and ERPCAIRC)

S fi : Visconti
ultimately by a decision of Stalin (Graham and Kantor, 2009). sk ;;}?f;]s ——
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When was Aristotle’s theory accepted?

The mythological views are more charming than scientific and, hence, they continued to
be popular during the Roman times. The Roman epicurean philosopher Lucretius (c. 99 —
¢. 55 BC) and the stoic philosopher Seneca (4 BC —65 AD), both of whom wrote about
Nile, did not rely on Aristotle’s scientific explanation. Rather, they were fascinated by the
Nile for its mystery, not its demystification. An excellent summary of the reasons is
contained in the following quotation by Merrills (2017):

The metaphysical qualities of the Nile—a river that replicated each year the origins of
the world, and which overspilled its banks even into the bathhouses and taverns of
Pompeii—were essential to its resonance in the Roman world.

The reference to Pompei encapsulates the archaeological evidence of sacred objects and

iconographies for Nile and its waters.

And what about modern times? Were the mythical views abandoned after the first
guantification of the hydrological cycle in the 17th century? This question is studied in
detail in Koutsoyiannis and Mamassis (2021).

In brief, the surprising answer is that a new mythology was developed around a
“theory” of the “nitre” which was a mythical element that presumably caused the
flooding of the Nile, while rainfall in Ethiopia had a minor role, if any.
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Why Aristotle’s
Nile theory was
unpopular?

It took the visit to the origins of
the Blue Nile of the Scottish
traveller James Bruce and the
publication of his book (Bruce,
1813) for the modern mythical
theory to cease.

Question (food for thought):

Why Aristotle’s incorrect
geocentric system was so
popular while his correct
explanation of the Nile was
unpopular?

Frequency of appearance of the

indicated words in books hosted in the

Google books platform in three
languages: (upper) English; (middle)
French; (lower) German.

Source: Koutsoyiannis and Mamassis (2021)
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Prominent scientists of the Hellenistic period: Aristarchus

Aristarchus of Samos (310 — 230 BC; mathematician and astronomer), introduced the
heliocentric model for the solar system 1800 years before Copernicus. He also said that the
stars were distant suns and made calculations on the relative sizes of the Sun, Earth and Moon.
Notably, before him also the Pythagorean philosopher Philolaus (470 — 385 BC) had moved the
Earth from the center of the cosmos and made it a planet, but in Philolaus’s system Earth does
not orbit the Sun but rather a central fire.

Interestingly, Copernicus in the manuscript of his book De revolutionibus included a citation
to Philolaus and Aristarchus but he crossed it out before publication. The point that was
crossed out, translated in English (Gingerich, 1973, 1985), reads:

[...] it is credible that for these and similar causes (and not because of the reasons that
Aristotle mentions and rejects), Philolaus believed in the mobility of the Earth and some
even say that Aristarchus of Samaos was of that opinion. But since such things could not be
comprehended except by a keen intellect and continuing diligence, Plato does not conceal
the fact that there were very few philosophers in that time who mastered the study of
celestial motions.

3 ecnhwros . whefi whezmmar T
Part of page 22 of Book 1 of “:anh " ” Q” m%—[-—
Copernicus’s manuscript showing the oy “ ; ;
references to Philolaus, Aristarchus and
the Greek cosmology, which he crossed
out before publication of his book De

revolutionibus

Source:
http://copernicus.torun.pl/en/archives/De_revolutioni
bus/1/?view=gallery&file=1&page=22
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Prominent scientists of the Hellenistic period: Eratosthenes

Eratosthenes (276 — 195 BC; head of the Library at Alexandria, following the windings of the
Nile, calculated the distances between several points on the Nile up to Meroe (Strabo,
Geography, 17.1.2; Rawlins, 1982). Perhaps because of this, he is often credited by several
authors for solving the paradox of the Nile.

However, in view of the information provided here (in particular by Proclus), his achievement
seems to be no more than a further verification of Aristotle’s theory. He also seems to have
been aware of the earlier expedition to the Nile sources for the purpose of proving Aristotle's
theory (Burstein, 1976).

One of his biggest achievements was to calculate, with remarkable accuracy (<2.5%), the
Earth’s circumference by measuring, at the noon of the day of summer solstice, the shadow
cast by a gnomon at Alexandria g : I
and the distance between and

Alexandria and Syene, where the s
latter is situated close to the S
Tropic of Cancer.

Despite the advancements in
geography during the Hellenistic e,
period, the achieved geographical '
representation of the Earth

was rather poor.

........

Map of the World according to 7 s
Eratosthenes '
Reproduced by Rhys (1912)
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Prominent scientists of the Hellenistic period: Hipparchus

Hipparchus, the Greek astronomer, geographer and mathematician, and founder of
trigonometry introduced the term climate (kAipa, pl. kAipata). Its etymology from the
verb kAively (= to incline) expresses the dependence of climate on the seasonal pattern
of inclination angles of the incoming sunbeams.

Note that the notion of climate had been studied earlier by Aristotle, who used another
term, crasis (kpdoLg = mixture, blend) (see also Koutsoyiannis, 2021,2022).

Perhaps Hipparchus’'s most remarkable achievement is the discovery of the precession of
the equinoxes, one of the cycles in Earth’s motion, with period of about 21 000 years,
that determine the long-term changes of the climate. This constitutes one of the several
now called Milankovitch cycles.

Hipparchus of Nicaea (190 — 120 BC),

3 depicted in the back facet of a coin whose
%= front facet shows the Roman emperor

= Severus Alexander (M. AYP. ZEY.

= ANEZANAPOZ AY = Marcus Aurelius
Alexandros Augustus)

Image source: Visconti (1817)
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Prominent scientists of the Hellenistic period: Archimedes

Archimedes (287 — 212 BC) was the leading scientist (mathematician, physicist, engineer,
inventor and astronomer) of the Hellenistic world, and is regarded to be perhaps the
greatest mathematician of all time. While Aristarchus’s heliocentric system was contrary
to “consensus theory” for 1800 years, it is important to notice that it was adopted by
Archimedes. In fact, he provides the most precious information about Aristarchus’s ideas:
It is hypothesized [by Aristarchus of Samos] that the fixed stars and the Sun remain
unmoved and the Earth revolves about the Sun in the circumference of a circle, with
the Sun lying in the middle of the orbit and the sphere of the fixed stars, situated
about the same centre as the Sun, is so great that the circle in which the Earth is
hypothesized to revolve, bears such a proportion to the distance of the fixed stars as
the centre of the sphere bears to its surface (Archimedes, The Sand Reckoner).
It is well known that Archimedes offered several important contributions in
mathematics, including the concept of infinitesimals and a first version of integral
calculus. From the hydrological perspective, important is the principle named after him
and the foundation of hydrostatics. From his inventions most relevant to hydrology is
Archimedes’ screw, which is still in wide use for pumping.

The Fields Medal (regarded as the highest honour for mathematicians)
- Ydepicts Archimedes. The head of Archimedes in the medal is
-~ Bsynthesized by the imagination of the artist (Tropp, 1976), as there is
gl no original sign about it, neither in sculpture nor in coins
Image source: https://en.wikipedia.org/wiki/Fields_Medal
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Prominent scientists of the Hellenistic period: Heron

The scientist of the Hellenistic period with the greatest contribution to hydrology is
Heron (Hero) of Alexandria (mathematician and engineer who most likely lived in the 1st
century BC or the 1st AD; see Woodcroft, 1851). He studied the notion of pressure and
pneumatics and invented a steam machine. He introduced the term hydraulic (organ) for
a musical instrument operated by hydraulics (U8pavAikov 6pyavov), which he describes
in his book Pneumatica (Mvevpatikd; Schmidt, 1899, p. 192, “Y&paulikod 6pydvou
kataokeur”; Woodcroft, 1851, p. 105). His contribution to hydrology is that he
introduced the concept of discharge and its measurement. Here is the relevant passage
from his book Dioptra (Adntpa):

Mnyfic Untapyovonc énokéPaobal v andppuoty autic, toutéott Tv avaBAuoty, don otiv. elbévat uévrot xpn 6Tt
oUk aei N avaBAuoig i autn Sitauéver. OuBpwv UEV yap Ovtwv EmiTeivetat S1d TO Eni TWV 0pwv TO Udwp nAsovalov
Biaiotepov ékBAiBeadal, alyudv 6 Svrwv amoAnyel i) puais b1a To un émpépecbat mAéov Udwp. ai pévrol
yevvaiad mnyai ob mapé oAl tv avdBAuvat loyouatv. Set obv nepdaBovra to ndv tic nnyiic idwp, Wote
unbauoBev arnoppeiv, owAfva tetpaywvov poAtBolv noifjoat, oroyaodusvov udAdov ueilova moAAQ tijg
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Prominent scientists of the Hellenistic period: Heron (2)

Translation of the Greek text:

Given a spring, to determine its flow, that is, the quantity of water which it delivers. One must,
however, note that the flow does not always remain the same. Thus, when there are rains the
flow is increased, for the water on the hills being in excess is more violently squeezed out. But
in times of dryness the flow subsides because no additional supply of water comes to the
spring. In the case of the best springs, however, the amount of flow does not contract very
much. Now it is necessary to block in all the water of the spring so that none of it runs of at any
point, and to construct a lead pipe of rectangular cross section. Care should be taken to make
the dimensions of the pipe considerably greater than those of the stream of water. The pipe
should then be inserted at a place such that the water in the spring will flow out through it.
That is, the pipe should be placed at a point below the spring so that it will receive the entire
low of water. Such a place below the spring will be determined by means of the dioptra. Now
the water that flows through the pipe will cover a portion of the cross-section of the pipe at its
mouth. Let this portion be, for example, 2 digits [in height]. Now suppose that the width of the
opening of the pipe is 6 digits. 6 x 2=12. Thus, the flow of the spring is 12 [square] digits. It is to
be noted that in order to know how much water the spring supplies it does not suffice to find
the arca of the cross section of the flow which in this case we say is 12 square digits. It is
necessary also to find the speed of flow, for the swifter is the flow, the more water the spring
supplies, and the slower it is, the less. One should therefore dig a reservoir under the stream
and note with the help of a sundial how much water flows into the reservoir in a given time,
and thus calculate how much will flow in a day. It is therefore unnecessary to measure the arca
of the cross section of the stream. For the amount of water delivered will be clear from the
measure of the time. (Hero, Dioptra, 31, English translation by Cohen, 1958)
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Recapitulation and relevance to modern science

1. Posing scientific questions (e.g., the Nile paradox) and seeking scientific explanations
was a crucial historical development, which did not prevail in earlier civilizations, as
exemplified by Herodotus’s contrast between Greek philosophers and Ancient
Egyptian intellectuals (and priests).

2. Science and philosophy were not only invented but also defined, with their meaning
clarified to be the genuine pursuit of truth, independently of other (e.g. economic)
interests.

3. Science, then called natural philosophy, was developed as part of philosophy, with
other parts thereof, i.e., metaphysics, epistemology, logic and axiology (ethics,
aesthetics), being equally developed.

4. The development of (Aristotelian) logic offered a powerful instrument for science to
distinguish sense from nonsense as well as deduction from induction, and the relative
validity of the inference based on each of these two methods.

5. The gradual development of the scientific method, which constitutes part of
philosophy, by incorporation of observation, experience and, at a later stage,
experiment, provided a solid foundation of science.

6. Central in Ancient Greek thought was reasoning as the main tool for the search for
truth. By no means does this imply that the philosophers of Ancient Greece tended to
distrust observations, as incorrectly asserted by some modern scholars (where
samples are given in the Introduction). Obviously, if this happened, it would
contradict reasoning per se (it is totally unreasonable to dismiss observations).
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Recapitulation and relevance to modern science (2)

7. Clarity (cadnrvewa) was also a desideratum so strong that Aristotle identified it with
truth. This is also related to the accurate accounting of the phenomena and the
attainment of accurate scientific knowledge (Lesher, 2010). The introduction of
terminology, i.e., of sophisticated terms whose meaning may not be identical to the
colloquial one, and their definitions, is another reflection of the clarity desideratum.

z.  Formulation of a plurality of ideas by different scholars, as well as their debate, were
vital for the development of science. It is clear from the quotations given above that
Ancient Greek scholars cite and discuss each other’s ideas and theories, mostly with
proper respect and sometimes with moderate irony. Thanks to these discussions,
today we are aware of opinions of philosophers whose original works are totally lost.

5. The plurality of ideas and diversity of opinions, some of which necessarily were
better than other, resulted in an evolutionary process which in turn enabled scientific
progress. It appears that such recently promoted ideas as that of a “settled science”
did not have a place in the ancient environment of scientific inquiry.

10. An important development that expedited scientific progress was the creation of
Philosophical Schools, functioning as centres of higher-level education and research,
similar to modern universities. Plato’s Academy, Aristotle’s Lyceum (or Peripatetic
School), Epicurus’s Kepos (meaning garden), Zeno’s Stoa (meaning arcade) were
some of the most famous. After nine centuries of continuous operation, they were
massively closed in 529 AD by an infamous emperor Justinian's edict, which marked a
societal paradigm shift and a millennium-long regression in scientific inquiry.
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Recapitulation and relevance to modern science (3)

1. The communication of ideas among philosophers and to the public was organized in
the form of books. Within this practice, a writing style or code was developed,
characterized by critical literature review and expression of own thoughts, using a
sophisticated language. This writing style is more or less followed even in present
day, as can be inferred by inspecting several extracts from Ancient Greek texts given
above.

12. According to Plato and Aristotle the motivation of philosophers is their curiosity to
explain Nature, but according to Herodotus, it is their ambition to achieve reputation
for wisdom. Noting that even this latter does not look an unethical incentive, we may
assert that the development of science complies with the development of axiology
and of ethical values, including the promotion of the truth as an ethical value and
the modesty of those seeking it. Even the term philosophy (@iAogogia) reflects this
modesty. Notably, the term philosopher (@piAdéoooc) replaced the earlier term
sophos (oo@dc, translated in English as sage or wise, as in the expression “Seven
Sages”). According to an Heraclitian aphorism, wise is only one (év 10 co¢@odv, meaning
something supernatural, i.e. God) and henceforth Pythagoras introduced the term
philosopher, meaning lover (or friend) of wisdom (@idoc cogpiac). This is clarified in
the following quotation:

Duhogopiav 5¢ np@toc Wvouace MNudaydpac kai éautov guldoopov [...)- undéva yap elvat cogov [dvipwmov]
aAd' ij Fedv (Aoyevng Aaéptiog, Biot kal yvpal tév év plhooopia eudokiunodavtwy, A.12).

Pythagoras was the first to name it philosophy and himself a philosopher [...] for no
man is wise, but God alone. (Diogenes Laertius, Lives of the Philosophers, 1.12)
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Back to Aristotle:
importance of seeking the truth

«@idoc pév Zwkparneg, aAAa @uAtatn n
aAndeia»

(Latin version: “Amicus Socrates, sed magis
amica veritas”)

“Socrates is dear (friend), but truth is dearest” . :
(Ammonius, Life of Aristotle) Aristotle (384 — 322 BC)

Image source: Visconti (1817)

«80&eie &' av iowg BéATiov lvan kai Selv éni owtnpia ye Thic dAndeiac kai
Ta oikelo avalpelv, AAAwG te Kai piAocogoug Bvtag: auolv yap Gvrow
piAowv datov mpotiudv tnv aAndeiav»

“Still perhaps it would appear desirable, and indeed it would seem to be
obligatory, especially for a philosopher, to sacrifice even one’s closest
personal ties in defense of the truth. Both are dear to us, yet it is our duty
to prefer the truth” (Aristotle, Nicomachean Ethics 1096a11).
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Yu's Trace and History: the Creation of the Chinese Nation
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Formation of China?
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What is the Origin of Chinese Nation
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History of Yu's Trace
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Cultural Value of Yu's Flood Control
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The Great Yu in the historical literature from 3000 to 2000 years ago
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The Great Yu in the historical literatures from 1500 to 1000 years ago
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Yu's flood control is a historical fact, not the origin but a turning point of civilization
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The Source of Civilization: The Age Before the Great Flood,
Going back 3000 Years
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*Dry farming occurred about 8000 years ago, mainly distributed in the
lower reaches of the Haihe River and the 2nd and 3rd platforms of the
tributaries of the Yellow River
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China is the Birthplace of Rice Farming
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Dry farming and Rice farming spreads all over the Plains of The
yellow River, Huaihe River and Haihe River no later than about 4000.
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3. KEIG/KHEISCAL R
Cultural Influence of Yu's Flood Control
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Yu's flood control is the national activities.
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*Yu is the cultural symbol of water resources for beneficial development
and eliminating disasters and the moral restraint of government officials

K BIE7KR 1 LB 3 B SR B8 7K SR B A4

*Yu's flood control is the basis of natural concept of flood control strategy in the
historical periods
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Dear distinguished presenters, friends, and all event attendees - Warm
Greetings! | am Daniela Bemfica, the Director of Strategic Programmes and
Engagement at the International Water Association.

On behalf of our Association, | would like to welcome you to the 2nd
International Webinar on Water Culture, which theme is Water and
Environment in Ancient Civilizations: Culture, Technology, and Traditions.

Thank you very much to the China Institute of Water Resources and Hydropower
Research and the Dujiangyan Water Resources Development Center for
organizing this event about such an interesting discussion topic.

Water underpins every aspect of human and environmental existence. The
global water sector is currently facing multiple serious challenges, which require
an unprecedented global response. Although water and sanitation for all has
been an integral part of the international agenda for several years, still around
2.2 billion people lack access to safe drinking water and more than 4 billion
people do not have safely managed sanitation services. Achieving Sustainable
Development Goals 6.1 and 6.2 by 2030 is essential, but also extremely difficult.

In addition to these challenges, the world is now facing severe consequences of
climate change impacting our living environment. The impact of climate change
on urban water management is potentially huge, affecting the capacity of
utilities to deliver safe water for all, ensure water resources quality, and protect
people and assets from flooding. On the other hand, we cannot ignore that the
urban water sector is also a driver of climate change, as utilities are responsible
for up to 5% of global greenhouse gas emissions, related to its high energy
consumption, and to wastewater handling.

To overcome these challenges, itis crucial for us to work together internationally,
cross-disciplinarily, and cross-sectorally. The International Water Association, as
the most influential professional water network, supplies a unigue platform to
enable such kind of global collaboration and knowledge sharing to contribute to
accelerate actions towards achieving the SDGs.

Our Association brings together over 8,000 members from around 140 countries,
representing universities, research institutes, utilities, NGOs, international
agencies, engineering and consulting companies, technology providers, among
others. Our members organize themselves in 50 Specialist Groups, covering all
areas of water related technology and water management. These Specialist
Groups provide an opportunity for experts from different geographies to
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network and collaborate, organising conferences, online events, and co-
developing publications.

The International Water Association also hosts two major global events, the
World Water Congress and the Water Development Congress, and publishes 19
journals, including Water Research, which is number 1 journal on water science.
Also, through WA Strategic Programmes we develop projects and initiatives
aiming at establishing change agendas on key water-related themes,
contributing to develop and promote sustainable urban- and basin-related
water solutions.

The International Water Association acknowledges that ancient hydro-
technologies — most of which were decentralized, cost-effective, friendly to the
environment, and highly sustainable — can be an inspiration for today’s water
professionals. We believe that understanding those technologies and making
them visible to the wider water community can contribute to the development
of wise, sustainable, and efficient water management systems for the present
and future generations. In this context, the International Water Association and
the International Water History Society jointly established, years ago, the Water
in Ancient Civilizations Specialist Group. This is a very active specialist group,
that has already organized 5 International Symposiums on Water, Wastewater
and Environment in Ancient Civilizations, and has published multiple papers and
books describing and evaluating ancient water-related technologies applied
around the world.

The event today is totally aligned with IWA’s vision that the wisdom of ancient
water science and technology can still be used in the present. And | am sure that
our audience today also shares this perspective. With this is mind, I invite you
all to enjoy this fantastic knowledge sharing and network opportunity and wish
the event a great success! Thank you very much!
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Distribution tank Receiving tank
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Castellum

Aqueduct divisorium

Reservoir or
containers

From smaller storage tanks at water towers, the water would continue through lead pipe to reach
public fountains, latrines and baths, and next lower head storage tanks at water towers
distributed throughout the city like a web.

From previous
container/tower

Fountains and other uses
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Castellum
divisorium Reservoir or

AEuEdUCE containers

S ___-_w___“_____“___“ Reservoir or
* containers
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PEAR-SHAPED
CROSS SECTION

The weights presented by Vitruvius den?:ohs‘t.-r te that, in his opinion, all the
lead plates had the same thickness (a_pproﬁ&f}ﬁcm] irrespective of the
size of the pipe. It follows that all lead pipes, regardless of the width of the
plate and thus the size of the pipe, have the same wall thickness, which is

not theoretically correct.

The reason why he the proposed thickness of 1 cm we believe is related to
the construction and the additional load that occurs in the pipe network,
and not only the internal pressure, which is small and did not have a major
impact on the required wall thickness. '
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A WIPED JOINT - is a form of soldered joint used to join lead pipework.

S e, — QO QUUITY OF JOINTS IS VERY
BIPE N\ \ e IMPORTANT FOR PIPE SYSTEM
AR FUNCTIONS AND CHARACTERISTICS.

Q ITIS TRADITIONALLY A WEEK POINT
OF THE SYSTEM — WATER LOSS.

< T
] J
H :
+
I
|

—_————

PIPE IN SALONA

TODAY: Joints in lead pipe or fittings, or between lead

pipe or fittings and brass or copper pipe, shall be full Skl g ok
wiped joints. Wiped joints shall have an exposed

surface on each side of a joint not less than 3/4 inch

and at least as thick as the material being jointed.

Wall or floor flange lead-wiped joints shall be made by

using a lead ring or flange placed behind the joints at

wall or floor. Joints between lead pipe and cast-iron,

steel, or wrought iron shall be made by means of a

caulking ferrule, soldering nipple, or bushing.

ROMANS USE VERY SIMILAR TECHNOLOGY.

OTHER TYPES OF JOINT

s
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PIPE NETWORK OPEN TO ALL EXTERNAL INPACTS AND PRESSURES , CLIMATE AND HUMANS)

ROMAN FITTINGS AND VALVES

il

ACT As DISI'HIBU'I'ION TANI( UNDER

MODERN
FITTINGS
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- TEST APARATURE

P A pipe of 10 digiti

(denaria), circumference
of 18.5 cm and thickness
of 5 mm was used.

FIXATION OF DAMAGE SEAM
LEAK AT DAMAGE PART OF SEAM

o | = BT e
—E——

pIPE AND TEST SAMPLE d e ‘

SEAM SEPARATION LOCATION
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MAX LOAD POINT

BURST POINT
>

E \j Quick increase of pressure

START LOAD RELAXSATION POINT — NO LEAKAGE

General design parameters

indicator __| Evaluation
Sufficient High safety factor.

% t Ahighknowledge of engineers
The price of the Low Lead is a by-product of silver
material 7 production.

The priceof the  FRSTIERS :: antly lower compared to

pipes ‘bronze.

(LB TITEGLEGE S Not relevant The only available and
acceptable building material.
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More than 100 years  Salona pipe 2000 years old.

Resistance to internal
pressure
Resistance to external
pressure

‘ Relevant Fully satisfy system working pressure.

Weak Especially at higher temperatures

Resistance to shock load Sufficient High safety factor in relation to
‘ possible working shocks load.
Environmental Conditions

Resistance to internal
corrosion

Very high ~ Internal roughness very stable for
hundreds of years.

Resistance to soil corrosion Very high No changes for hundreds of years.

Resistance to groundwater Very high No changes for hundreds of years.
corrosion

Resistance to stray currents
corrosion

Not relevant

Construction, Operation, and Maintenance

| indicator | Evaluation | Comment |
Very heavy lead density 11.34 g/cm?

Moderate Sensitive pipe connection.
[Routewidth KT Diameter + 20 cm

Need for specific bedding R(=3 Protection against external loading is

Need for thrust blocks

required.
No, except for vertically laid  The pressure in the system is low, < 1
pipes (high weight) bar.

Pipe mostly easily visible.

Pipes readily available.
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Human health impact

Toxicity of piping system and Bl Lead dissolves in water and pollutes water, soil and the bio
materials gnﬁronment;
Duration of negative impacts  RVaAl0 1 Lead remains in the soil for a long time period, more than 100

years.

Environmental contamination [(e6]i1:5% Through natural processes in the environment, lead

process accumulates in soil and water and transported through the non-
living and living environment (plant) and finally uptake by
humans.

Significant The same as in the case of lead pipes.

| Special conditions Different Higher temperatures generate greater dissolution of lead; soft or
acidic water generate higher dissolution of lead to water.

Environmental impacts

e T e T L R
Very significant  Lead is a highly poisonous metal.
1 Water toxicity in pipes Low Due to short contact time of material and water, less than 30
‘ minutes.

Toxicity to builders Significant Inhalation of lead dust and toxic gases, skin absorption and

_ ingestion when making joints, repairs, etc.

Lead smelting, casting and plate joining generate toxic gases and

lead dust.
Toxicity during pipeline Significant Cutting and tearing creates lead dust that is inhaled and
dismantling introduced into the body, and through contact and ingestion.
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ity

r 2 - Prof. Drloa " €
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s Aristotelous 18, 633¢ as, Greece, Eo‘@é".-sf \ ¥

In Greece, have found systematically organized wastewater drain networks since
3000 BC..

Minoans and Indians are considered the precursors of designing and constructing
wastewater disposal networks.

In later times Greeks and Romans further improved the technology of the

wastewater management

The ancient Greeks, considered the water as being a “divine gift” of Gods.
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Acheloos River

Acheloos,
the Father of all waters
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The fight of Acheloos
and
Hercules for Deianera

Hercules breaks one
of Acheloos’s
horns and wins
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The hydrological know-how in ancient Greece

The first effort to manage the water use in crop irrigation was made in
Mesopotamia and Egypt during the Neolithic era i.e. 6000 to 7000 years ago

The first constructions for the transfer of potable water were made in Palmyra of
Syria and in Eastern Crete, during the Neolithic era.

Apart from construction of small cisterns for maintaining the water quality by
means of settlement of suspended particles, the Minoans of Knossos were using
filters from loam or special structures filled with charcoal. Such filters were found
in Aghios Mamas in Crete.

In the Minoan Crete the rainwater was collected and stored in special cisterns
(hydrological constructions: aqueducts, water collection systems, rain water
cleaning and storing constructions, deep wells, cisterns and fountain).

In Crete, due to the dry climate the water management included a wide system of
rain water collection.

The hydrological know-how in ancient Greece

Rain water system in Saint Triad (A.N. Angelakis, with permission).
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Rain water system in Knossos (A.N. Angelakis, with permission).

The hydrological know-how in ancient Greece

The engineers of the Minoan Crete knew very well the principle of the
“communicating vessels” and they were applying this principle during the
construction of the water distribution and transfer networks.

In Knossos, the water was transferred by means of underground tunnel during
the Roman times, with a length of 1150m.

Such tunnels were found in Malia having a length of 1900m and being used for
water transfer, also in ancient Tylisos an underground tunnel with a length of
1400m.

The technological knowledge for the water transfer by means of tunnels was also
applied in other parts of Greece as well. This knowledge allowed also the
construction of small dams, canals, pipe ducts, and cisterns in the Aegean islands
during the Cycladic period (3100-1600 BC). Similarly technologies are also applied
in the continental Greece during the Mycenaean period (1600-1100 BC).
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Persea Dam Mycenean
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Cistern in the Acropolis of Mycenean (A.N.
Angelakis, with permission).

The hydrological know-how in ancient Greece

An important hydraulic structure of this period was the construction of the
underground cistern in the Acropolis of Mycenae, which supplied the networks
with water through a huge rock. This was indeed a miraculous structure before 33
centuries, which could be compared with modern systems of water supply of
cities.

The Athenians also constructed a cistern within a rock of Acropolis for water
storage.

In Athens the archaeologists found a pelagic aqueduct, which was constructed
most probably before the appearance of Theseus. The aqueduct was made of
closed cyclic ducts, and it was extending along a large distance from Kesariani to
the side of Philopapou hill.

Another old aqueduct of Athens was that of Theseus which was constructed in
3090 BC and transferred the water up to the western side of the mount Pendelis.

49



Reports of the 2nd International Seminar on Water Culture

50

The hydrological know-how in ancient Greece

During the Mycenaean period dams were constructed with a height of 2-5 meters
and 250m to 5000m of length. The volume of water that could be stored was
about 2-250 million m3. This water was used for the irrigation of agriculture crops.

After 700 BC the evolution of commerce created favorable conditions which led
to the rapid development of Athens, and consequently the hydraulic works
started expanding. Thus deep wells, cisterns, fountains and canals were
constructed and public networks for water distribution were made including deep
wells, water sources, and many private structures leading to optimum water
management.

The hydrological know-how in ancient Greece

During the Archaic period (750-480 BC) and the classical period (480-333 BC) in
inland Greece hydraulic structures similar to those of the Minoan period, such as
the Pissistratio aqueduct in Athens (510 BC), which had a length of 2800 m, of
which 270 m were within a dome.

Also, within the city of Athens many hydraulic structures were constructed such
as fountains, water transfer networks, wastewater drain networks, fountains,
aqueducts.

Laws were passed by the tyrant Solon for the effective management of water
resources.
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Pissistratio aqueduct, Athens, (510 BC) (N.
Mamasis, with permission).

Parnithas aqueduct in Athens
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Andrianion aqueduct in Athens
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The hydrological know-how in ancient Greece

Some basic principles which were applied by the ancient Greeks in relation to
constructing the hydraulic structures were:

1.The economy in regard to the use of the material destined for construction

2.The means used for accomplishing the aim set forth. Their main scope was to
exploit the rain water as effectively as possible.

3.The methods used were friendly to the environment.

4.The structures made, must be enforced so as to resist the effect of time and to
last as many years as possible.

5.The construction of the structures ought to be friendly towards the

environment and to be long lasting, contrary to the modern hydraulic structures
which last only 50 years.

The hydrological know-how in ancient Greece

During this period the well-known Eufpallian was constructed in the island of
Samos. In fact this was the first deep tunnel ever made in history. It construction
started from the two ends (edges) of a hill and the tunnels made, were joint with
mathematical accuracy. This connection was made at the center of the hill. The
technology used was based on the Euclidian geometry.

At the Hellenistic period i.e. from 323 to 146 BC, as well as in the Roman period,
the famous open ducts were constructed which transferred the water to large
distances.

A general rule which was applied at this period for the water transfer was that
the ducts must have a slope of oil -2% so that the water to be moving and
transferred by means of the effect of gravity.

Also the technology of siphons was used to transfer the water upward, i.e. to
higher heights via closed pipes.
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Eupalinos tunnel in Samos Island (Voudouris,
2012).

The hydrological know-how in ancient Greece

Characteristic aqueduct is that of Nikopolis, which had a length of 50 km. It was
made to cover the water needs of this town by transferring the water to Nikopolis
from the water sources of St. George in 30 BC, located 50 km away from Nikopolis.

The aqueduct was a complex structure of 50 km including an aerial system for
water transfer in order to overcome a canyon of Louros and continued by a
tunnel through hill, and the aqueduct continued up to the village Archangelos
crossing the village Samsuda and Kanali of Preveza and finally transferring the
water to Nikopolis.
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The hydrological know-how in ancient Greece

Another long aqueduct was constructed during this period in the island of Lesvos
(Mytilini) in having a length of 22 km.

Similarly, significant hydraulic structure of this period is the “Andrianion
Aqueduct” of 500 m3 capacity and length of 25 km. This aqueduct is underground
throughout it length. It transfers the water from the mountain of Parnitha.

The Andrianion Tunnel

The hydrological know-how in ancient Greece

An important aqueduct was also constructed in the town of Philippi of Kavala
with 8 km length. It was made with clay flagstones. The wails and the bottom
were covered by lime stones mortar, which was also covered by hydraulic stucco.
The dimensions of the tunnel were 0.96m width and 1.35m height. The cross
section of the duct was square.
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Ancient Makyneia, Aitoloakarnanias, photo of
the stone drain system (Kollyropoulos et al.,

2017)

Dionysus theater; details of
drainage channel (images by K.
Kollyropoulos): (a) view next to
orchestra; (b) view of channel exit
under stage of

theater; (c) view of downwards
flow of channel

(Kollyropoulos et al., 2015)
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To Béatpo tou Alovicou.
Me pmAe ypappn mapouctaeTal T0 AMOXETEVTLKO.
Me Srakekoppévn UtAe aiveTal TO OKEMACUEVO THHHO TOU SIKTUOU
(Kollyropoulos et al., 2014).

Drain systems during the Roman Period

In the Roman Period the drain discharge systems were further improved. The
houses had perpendicular drains incorporated into the walls, via which the
wastewater was transferred into the central drain system which was underground

and led the wastewater into the sea.

The rain water during the Roman time was collected along with the surplus of the
water of fountains, and was used for the irrigation of urban gardens or it was
removed via the drain system, while at the same time it cleaned the drain ducts,
thus protecting human health from diseases.

In Patras during the Roman time the domestic wastewaters were crossing
underground central roads via built ducts or clay pipes, discharging the
wastewater into the sea. Even today there are sections of the drain network,
which are still in function. Also, at the same time, public toilets were constructed

to serve peoples’ needs.
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Ancient Pleurona, Aitoloakarnania : The Great Cistern (Diamanti and
Kalavrouziotis, 2013)
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Water reservoir in Makyneia,
Aitoloakarnanias, (Kollyropoulos e al.,
2017)

850

0 5 10 15m
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Toilets and drain systems

The public toilets were constructed in such a way so as to have four or more seats
(places) as shown in the toilet of Amorgos. There was a ditch for the removal of
the wastewaters, which was connected to the main canal being constructed
parallel to the South wall of the toilet.

Public toilets have been found in many places such as, in the island of Delos, in
Athens, in roman markets (Agora), in the drain of Attalos, in island of Kos, in
Philippoi and in Epidaurus.

Other characteristic structures were the drain systems of theaters.

The theater of Dionysos, which had a drain system where the rain water was
being collected, coming from the seat rows, and from orchestra, and was
discharged into southeast side of the Acropolis rocks, ending finally into the
lllysos River. It was constructed of limestone, transferring the rain water to the
coast of Patras where it was been discharged. Characteristic structure was also
the theater of Orchomenos in Arkadia since the 4th Century B.C.

Hellenistic Period

During this period great progress took place in relation to the knowledge of
technology, to the technical possibility for the construction of hydraulic structures,
and the improvement of hygienic bathrooms and toilets.

A characteristic example of theater was that of the island of Delos which was
constructed in 314 BC.

It has a perimetric drain ditch, stone made, which collected the rain water.

Generally the ancient theaters of Greece were constructed in such a way so as to
include a drain system for the collection of rain water and its effective
management.
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The ancient theater of Delos with the part of sewage (Kollyropoulos et
al., 2014).

Ancient Greek and present world water technology

Based on the above mentioned, an important question may arise regarding the
relation between the ancient Greek and the present world water technology.
Is it worth to study the ancient water technology?

The comparison of the ancient Greek civilization hydraulic technology with the
contemporary world technological achievements provides an excellent example
of motivation for environmental and conservation issues of our present time.

A number of Greek ancient technological developments are still in use. Similarly,

such developments accomplished in other regions of the world are still in practice
in Africa, India, Iran, Jordan etc.
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Ancient Greek and present world water technology

Considering the ingenuity of the Greek Technology related to the solution of
hydraulic problems, Greeks apart from the cisterns,clay pipes, drainage systems
open and underground, fountains, aqueducts toilet and sanitary systems, rain
harvesting and similar developments, along with other civilizations of the ancient
world, they especially invented many hydraulic devices, making easier the
handling of the water and of the fluids.

Ancient Greek and present world water technology

The hydraulic devices the ancient Greek ingenuity has produced some important
devices for water lifting (pumps) being used in some countries until the present
time. Some examples of representative hydraulic devices are given below

a- The Kilonion (Shantur): An ancient system for water pumping (invented by in
Mesopotamia and reproduced by the Greeks).

b- The hydraulic endless screw of Archimedes: A mechanism for pumping water
with small difference in height, still used today for transposting fluids and
granular material.

c- The hydraulic wheel of perahora: A machine used in the 3rd century for
pumping water, discovered in the Village of perahora, Korinthow, Greece. (Its
considered the most ancient water pumping device).

d- The subdivided wheel of Philon: A water pumping machine ( device) of simall
difference in height.
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Ancient Greek and present world water technology

e- The sub-divided wheel of Philon ( variation of Polykadia)

f- The chain pump of Philon A popular machine for water pumping of large
differences in height used until recently.

g- The piston force pump of Ktersibios: A force piston pump used for fluids,
invented by Ktesibios in the 3rd century and its use till the present time extensive
innovated in various ways.

h- The fire pump of Heron: A twin suction fotce piston pump for continuou water
flow that was used in firefighting and continued to be used till recently identically.

g- The hydraulic bellow: An ingenious machine for water pumping.

Ancient Greek and present world water technology

As it has been pointed out, the ancient technological developments have been
considered as the underpinning of modern achievements.

Yet, this high technology had been for a long time forgotten, subjected to
maturation, and it was only during the last two centuries that the contemporary
technology revived it.

The western Technology however revived the Greek technology extending from
robot servant of Philon to the cinema of Heron, and from the automatic clock of
Ktesibios to the analog computer of Antikythera. This relation shows
undouptedly the real influence of the ancient water technology on the modern
one.
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Figure 13:Artificial lake Kremasta (G. Fatouros
with permission)

Artificial lake Kastraki (G. Fatouros with
permission)
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Artificial lake of Stratos (G. Fatouros with
permission)

Conclusion

The study of the ancient water technology is of outmost importance because the
inventions and innovations of the ancient Greeks as well as of other ancient
civilizations contistitute the underpinning of the modern technological
achievements.
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Water Quality: From Ancient to Modern
Times and the Future
A. N. Angelakis, Joint IWA/IWHA S6 on Wu‘l‘ history

2nd International Se

Prolegomena

The history of water is equivalent to the history of the world and
the history of water quality is equivalent to the history of life.

Andreas N. Angelakis

It will review and consider the history of water treatment and
quality and the life expectancy in parallel courses

It is focusing on emerging trends and the current and future issues
and challenges.

Finally it is ended with conclusive remarks highlights, and the used
major bibliographic sources.
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Prehistoric time, i.e. Minoan Era (ca 3200-1100 BC)

An astonishing paradox about this civilization is:

A great power without a military aristocracy; a "palace” that was
not a royal residence and neither the king was glorified; a religion
with no greatness, while women were equal to men and free (Muge
and Loucanicas, 2013).

In addition this period of ascendancy was called the Pax Minoica or
“Minoan peace”; time when cities needed no walls by Arthur Evans
(1921-1935).

Phaistos without walls
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Theocracy

The Minoans were pantocrators in the Eastern Mediterranean but
also very peaceful people. The Minoans were considered
Thalassécrates (i. e. people that are dominant to the sea). Also
Krasilnikoff and Angelakis (2019) state that the Minoans dominated
the Mediterranean, particularly the Eastern Mediterranean for
nearly two millennia, living in harmony with the environment.

The oldest Minoan shipwreck which was reconstructed
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Possible reasons for the conical shape:

(a) The construction of the pipes was easier with conical than cylindrical ones.

(b) The conical shape serves better the connection.

(c) The pressure could be easier controled on rough terrain.

(d) The design of the network was easier in the case of curved walkways. And

(e) The pricipitation and deposition of sediments on the walls of the pipes,
particularly in the case of water with high pH, could be avoided

Constructed identical cylindrical pipes.

Fountains and others

View of the Minoan Tykte fountain L Ll ¥
in the "palace" of Zakros View of the Tykte fountain in
Caravansary of the "palace"
of Knossos
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Minoan Water treatment systems

Cistern with sand filter in Clay made devices possibly used
the “palace” of Phaistos for treatment of potable water

Sedimentation tank in the aqueduct of Tylisos

A sedimentation tank allows

' suspended particles to settle

| out of water as it flows slowly
through the tank, thereby
providing some degree of
purification.
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Minoan water ceramic filter (units are in cm)
(Angelakis et al., 2020).

0 “:’)L-I For the achievement of clarity and/or avoiding
) | turbidity, practices similar to today were used.
— | Among others a strange, oblong ceramic device
/ with an opening in one of its ends was used for

/ treating domestic water.

Historical time, i.e. Archaic, Classical and
Hellenistic periods (ca 750-31 BC)

During the Archaic period, Pythagoras (ca 570-495 BC), philosopher and
Alcmaeon of Croton (in ancient Greek: AAxkpaiwv Tou Kpétova), probably a
student of Pythagoras,the first physician and physiologist in the pre-
Hippocratic medicine, were the first to consider the possibility that water
quality may affect human health (Aétius, at Opinion of the philosophers V.
30.1) (Angelakis et al., 2020b).

Hippocrates is one of the most outstanding figures in the history of medicine.
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During the Classical period Olynthus bottle-shaped cistern with a
small tank for Tretrecﬂ'me.nt, including the capture of debris and
sediment: (a) plan and (b) cross section (Klingborg and Finné, 2018).

Hippocrates (ca 460-370 BC) invented and used the first
water filtering system, in the form of a cloth bag, in
about 400 BC, known today as the Hippocrates' Sleeve.

Hippocrates began to conduct his own experiments in water purification with Hippocrates’
Sleeve (Mays, 2013). Also more than 400 Asclepieia (i.e., Ancient Hospitals) were operated.
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Cistern and ceramic water filters in the Asclepieion in the
Hellenistic city of Emporiae, which is located in the
northwestern coastal area of Catalonia, Spain

(Angelakis et al., 2020b).

Roman period (ca 31 BC-476 AD)

* Roman times improved the hydro-technologies of the Classical and
Hellenistic periods, mainly by increasing their scale.

* Aqueducts were usually the most common technology of water
supply in Roman period mainly in cities.

* Moreover, other technologies such as springs, percolation wells,
dams, and weirs on streams were also developed in that time.
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Roman times model (reconstruction) of the settling tanks
(piscina limaria) on the aqueduct Virgo at the Pincian Hill in
Rome, which is located in the Roman Civilization Museum in
Rome (Angelakis et al., 2020a).

Medieval Times (ca 476-1400 AD)

Little progress was made in water treatment and sanitation and their
connection to public health field. During this time, also known as the
Dark Ages, technological development, especially that related to water
quality, was minimal due to the lack of scientific innovations and
experiences (Enzler, 1998). Water supply was extracted from rivers or
wells, which became highly polluted due to the discharges of wastes
and others. To face that problem, people started to bring water from

unpolluted rivers located outside the cities.
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Venetian times (ca 1204-1668 AD). At that time various
hydro-structures were constructed. Also the Venetians
increased the size of structures and their quality (photos
by A. N. Angelakis).

Cistern (of rectangular cross section) in the Central cistern of two linked chambers in the

Palaiokastron in eastern Iraklion used mainly for Arsenal Nuovi (close to the Venetian port) in
water supply Iraklion city

Ottoman times Times (ca 1400-1900 AD)

This period is more or less a continuation of Medieval Times. At this
time very little progress was made in water treatment and sanitation
and their connection to public health field. During that time, known as
well as the Dark Ages, technological development, especially that
related to water quality, was minimal due to the lack of scientific

innovations and experiences (Enzler, 1998).
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Greek WTPs

Thessaloniki Water Treatment Facility
(Refinery) after the 20 WW (Photo from
www.eyath.gr)

In Galatsi of Athens in 1931
(Photo 6. Stefanakou, EYDAP, Athens)

Describing the current situation based on a report of
WHO (2022),

(a) 2.1 billion people globally do not have access to clean and safe
drinking water.

(b) 3.4 million people die each year due to contaminated and scarce
water sources.

(c) Millions of women and children spend 3-6 h each day in order to
collect water from distant polluted sources. And

(d) Half of the world’s hospital beds are constantly occupied by
patients who suffer from diseases associated with the lack of
access to clean water.
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Water quality highly affects life expectancy

+ During the early contemporary times, historical data showed that life
expectancy was shortened due to several infectious diseases, such as
pneumonia, tuberculosis, meningitis, efc.

» Historical data shown a significant increase of the expectancy life in
the developed world since the beginning of the last century (Office
for National Statistics, 2015).

It is due that the number of typhoid deaths in Philadelphia were
drastically reduced following the city-wide water filtration (1912)
and chlorination (1913) system.
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Data from the Philadelphia Water Department (Kramek and Loh, 2007).
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Historical trends of life expectancy for the entire world
(Angelakis et al., 2021).

Life expectancy: historical trends
80-

70-

60~

years

40-
30-

1750 1800 1850 1900 1950 2000 2025
time

In the last century Water quality was highly affecting life
expectancy in Greece

* In Greece, life expectancy in 1920—25 was 45 years, mainly due to the low
quality of available water supply. However, in most developed countries of the
world, the quality of drinking water improved significantly after the 1st World
War. In Greece, the life expectancy reached 83 years in 2021. However, there
has been a small decrease in the last years due to the pandemic of COVID-19
(Angelakis et al., 2022).

* In Greece and other countries, a dramatic increase in life expectancy mainly
after the 2nd World War is probably due to the improvement of potable water
quality and hygiene conditions.
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The Future of Water Treatment Technology

The future water purification technologies are surely expected fo increase
maninly in solar technology, water desalination, high-tech filtration and
nanotechnology.

(a) Solar Technology. Using sunlight to generate clean water goes back well over
two thousand years. Recently, scientists discovered that black carbon-dipped
paper with sunlight, can expedite the water purifying process.

(b) Nanotechnology. The use of nanotech biosensors in water sanitation is a new
process and it works by detecting pesticides and heavy metals in water.

(c) Desalination. Recent discovery by scientists and UK engineers is the use of
ultrasound waves to desalinate and to purify ocean water.

(d) High-tech filtration. Different filters are developing (e.g. technology that
converts cow manure into filtered water).

Example

Non-reverse osmosis (RO) alternatives are now a hot topic across the
USA and some states are leading the charge on alternative treatment
approaches for DPR. An alternative approach now days developing in
USA is Carbon-Based Advanced Treatment (CBAT) approach,
essentially consisting of ozone, biological activated carbon (BAC) for

filtration, and then granulated activated carbon (GAC),
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Conclusions

* The "Water Resources Enginzzr‘ing‘"_ in the ancient Greece practiced hydraulics,
sustainability, and hygiene, since the Minoan time.
" IS Sy 5Bl The PSS e PP S ey were improved in Historic times
« Water lity is highly influenced the life expectancy. In Greece life expectanc
l‘r‘u:ree:tslig:i'l %ro%c abog? 35 Beurs inbMinoglm T{m s fo a 1u1'y35 in Clasii_cnl and I-B:?I nisti
imes to 4 vggqrs in 1930 and og'l oubag in the nsfﬁe rs. This mainly is due to
ighly improved water quality in the developed world after the 1st WW.

* It should be revisited and recognized ThF chr‘ogo,_o ical evolution otl hydro-technologies as
an essential guarantee against water quality and life preservation through the ages.

* In the last years there i signijiﬁ:rlf extent gnd plgnninfg ﬁf water reuse in developed
coun?rles e.ﬂ.m _os Angeles and Hampton Roads region of Virginia, USA are planning to
recycle 100 % of its wafer supplies

+ Also new hr‘dro—'rechnologies for updating the current water and wastewater treatment
practices should be considered.

* Measures focus on identifying the sources of vulnerability to implement mitigation and
adaptation actions to the droughts.

* Must think of water and wastewater differently (i.e. as a source) and the profession
must speak with a unified vocabulary.

TAKE HOME MESSAGES

1. Further improvement water quality mainly filtration
and disinfection is required.

2. In the future urbanized world DPR will be highly
practiced,

Finally many thanks are due to
China Institute of Water Resources and Hydropower Research (IWHR)
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