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In this article, a key feature of water, "water circulation” is described from
different scale-views for teachers to open children's eyes toward the uniqueness and
significance of water, and the relationship with life including human being on this

Earth.

1. Nanoscale: dynamic motion of water molecules.
2. Ordinary scale: water in plants and our body.

3. Macroscale: water cycle in nature.

4. Ultra macro scale: our earth is a water planet nurturing life.

1. Nano scale: dynamic motion of water molecules

You can see water everywhere as tap-water, rain, river and sea. So, people think water is an
ordinary substance and not special at all, because water is abundantly seen in their dairy lives.
But, from the scientific view, water is quite abnormal and unique substance.

Dr. M.Chaplin says water has 67 anomalous properties, and he gives the precise scientific
explanation in his web-article [1]. This article is worth reading for teachers to tell to pupils about

some examples found in daily life. But, I
would like here to just point out that these
unique properties are the basis of our life and
natural environment as exemplified later.

Water is a liquid assembled of very small
particles called molecule. Water in a glass
looks still, not moving. But, water molecules
are always dynamically moving in a
nanoscale view (1m/1,000,000,000) as shown
in simulation movie by Dr. I. Omine [2], the
Director of Molecular Science Res. Center.
The motion and the mutual interaction
(dynamic network) are the basis of unique
properties of water observed in ordinary and
macro-scale phenomena as well.

Moving water molecules
Simulation of the freezing process of water
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2. Ordinary scale: water in plants and our body sustains their lives.

|Water circulation in plants and animals
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Then, let us look at water in ordinary scale;
first in plants. Water circulates in plant and
sustain the life as follows; Water is absorbed
from roots and moves up to trunk and leaves
with carrying minerals and nutrition. Finally,
water evaporates from leaves into air, that
prevens tree from the overheat.

Thus, water circulation is a life-sustaining
mechanism of plants.

Water in animals circulates with heart pump
through blood capillary like human body,
carrying nutrition and oxygen even to the
terminal.

A man intakes 2.5 liters water everyday and
discharge the same amount, but water is
recycled about 100 times in a body by removing

wastes with kidney. Kidney is water recycling apparatus and providing water needed for driving

biological reactions in the body.
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Meaning of photo-synthesis:
Water and carbon dioxide are “cinders” produced by
burning and respiration to earn energy.
Reproducing system to change “cinders” to useful
materials (nutrition) and oxygen.

Photo-synthesis is an essential natural factory
1n sustain lives of plants and animals on the earth.

What is photo-synthesis? It is a natural
system in green plants, producing glucose and
oxygen from water and carbon dioxide with
sunlight (actually using solar energy).

What is the meaning of photo-synthesis ? :
Water and carbon dioxide are “cinders
(residues)” produced by the cellular respiration
in order to get energy. Water and carbon
dioxide are also produced by burning woods,
coal and petroleum in our daily lives.

Therefore, photosynthesis is a reproducing
system changing “cinders” in nature to useful
materials (glucose, an essential nutrition for
life and oxygen).

Glucose is further converted to carbohydrates (starch and cellulose), proteins and lipids in a
body. So, photo-synthesis is an essential natural factory to sustain lives of plants and animals on

this Earth.

How much do we need water for daily life?

One person in Tokyo uses about 300 liters everyday for well
known purposes as shown in the right figure. 150 liters for the
world average, and about 50 liters in dry areas in Africa.
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daily live, for example, by reusing bath water for laundry and -

toilet for sustaining our living and life.

3. Macro scale: water cycle in nature

Let us look water in macro scale; First, see
the various appearances of water moving in
nature ( see right figure). This is a subject for 1
& 2 grade pupils.

Water is found as river, in green forest and
grasses, fields producing crops, floating cloud
(vapor) in the sky, running as ravine, freezing
as glacier (ice) and abundant as sea water

nurturing fishes, marine plants and planktons.

Water is the essential element of life and
making beautiful natural environment.
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Water Cycle in Nature: this is a most

Total amount of water :
1,400x106 km3

Change of water
state in nature

important topics to be taught, I think.
Water Cycle is the circulation flow of
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water with changing the states by solar
energy, sea water evaporates to vapor
and moves with wind as cloud toward
land, and then falls down as rain water
Or SNow.

Total amount of water on the Earth
remains unchanged since the primitive
age and constantly circulated over four
billion years.

Just keep the amount of circulating
water  (40x10° km’ (tera ton)-a-year ) in
mind.




What is the meaning of Water Cycle? Essential questions for the following reasons.
1) Natural system changing sea water to clean water (40 tera ton-a-year regularly provided with

free of charge)

2) Energy flow and energy resource (hydro power) provided by rain water dropped in the
mountainous area (40 tera ton-a-year).

3)"Water resource" for human being: circulating water (river and ground water) from land to sea.

(40 tera ton-a-year; 0.003% of whole water).
* Water resource : for agriculture, industry, our domestic lives.
* Sustaining lives of all plants and animals

* Refreshing and offering comfortable environment to human being.
4) Sustaining the mild climate of the Earth. Preventing the surface of Earth from overheating with

sunlight by vaporizing sea water and also absorbing carbon dioxide (+15°C, average surface
temp.) Thus, Water Cycle is an essential life-sustaining cycle.

Spread of pollutants on water cycle __ But, if poisonous materials are put
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4. Our earth is a water planet

8 Planets in the solar system nurturing life

Finally, we will have
. 4 a ultra-macro view on
, = : : ~ | water: Earth is water
P2 ® 2 - planet where organisms
AN\ are living. Not difficult
knowledge but attractive Ikidaakial i

to children, I think.
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204 Condition: size | The required conditions is : atmospheric

(surface) temp. must be between 0 and

100 °C (under 1 atmospheric pressure) .
First, compare the distance between the

Sun and 8 planets in the solar system, and

No water on the moon.
Why?

Distance between the sun

and the moon/earth is almost same.

Gravitation of the moon: then, their surface temp. As seen in the left
1/6 of the earth figure, 15 °C for Earth, and over 200 °C for
Surface temp. of the moon: inner planets and lower than -50°C for outer

B e planets. Children may understand water

can exist as liquid only on Earth.




Second, think about Moon and Earth. No water on the Moon. Why? Distances between the Sun
and the Moon/Earth are almost same. But, the gravity is different due to the size; Moon's gravity
is 1/6 of Earth, then, water on Moon's surface spread out to space. Then, surface temp. of the
Moon is 110°C in the daytime and -180°C at night. In such condition, no organism could survive.

Children may understand the Earth fills the two conditions by a miracle, and then make it
possible to water planet.

Final interest is " Why living organisms exist in the Earth? (The following answer is still a

hypothesis).
Why living organisms exist in the earth? . i .
(Hypothesis) Life generated in the sea 3.8 billion
years ago. All organisms including
Life generated in | Genesis of living organism | animals hold water to sustain their life.

Human species appeared 2 million years
ago, holding water, 2/3 of their weight,
necessary for sustaining the life.

During 4.6 billion years of the Earth
history, it has become rich in various
kinds of plants and animals living in

the sea 3.8 billion
years ago.

VAIl organisms including
animals hold water
to sustain their life.

Image of archaeocyte

(original cell) in the sea the interrelationships (network) with
¥ Human species appeared 2 million years ago, each other. Human being appeared n
holding water, 2/3 of the weight. the last place among all animals, but

changed the natural environment and
consumed vast amount of natural resources on the earth. Who is responsible for changing the
future?

Summary

1.Water circulates in our body to sustain life and domestic lives, as well as in nature to control
the natural environment and climate.

2. All living organisms including human being need water to live, and have to share the limited
amount of clean water (40 tera ton-a-year) provided gratis by water cycle in nature.

3. The earth is an unique planet where water exists as liquid, vapor and ice, and always
circulates on the Earth to make it possible for various lives to be generated and sustained.

4. These basic and global knowledge should be given to young people and connected with their
local acts and experiences. This is a water literacy for mature citizens.
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