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The author leaves some expectation illustratively for the future development of ware supply

engineering. First, a perspective of water supply system in future including past decades, present
topics and future perspective of the works was described. Second, education of water supply engineer-

ing was described including reform of university and water supply as a training and educational field.

Next, basic requirements for new water supply engineering were shown illustrating the results of

micro-energy sciences, hydro-energy sciences and monetary-energy sciences. The author points out
that Sanitary Engineers must continue their studies to catch up new scientific developments to apply

them to our field.

1. PREFACE

The author is also facing at his retirement from
Kyoto University after a long struggle to establish
Water Supply Engineering as a firm field to mainly
educate students in the field of modern Environmen-
tal Engineering. They are requested to master from
basic sciences to total management technologies
including economic concepts, and from planning,
designing, construction and maintenance with deep
understanding of quality problems.

Here, he leaves some personal expectation illus-
tratively for the future development of the water
supply engineering, sacrificing scientific preciseness
in the description.

2. A PERSONAL PERSPECTIVE OF
WATER SUPPLY SYSTEM IN FUTURE

(1) Past decades

Water quality problems such as by carcinogenic
substances and environmental hormones have been
focused in these decades, following offensive flavor
problems. Advanced treatment of the flavor sub-
(2-MIB), was the

major interest, leading to an employment of the

stance, 2-methyl-isoborneol

activated carbon adsorption and ozonation in addi-
tion to the conventional treatment. In addition, the
Membrane filtration technology is stimulating con-
ventional sand filtration mainly in small scale treat-
ment plants. However, the major impact was on the
Hanshin-Awaji Earthquake damages on water sup-
ply system in 1995 in Japan. Concepts of risk
management were introduced into construction and
maintenance of water supply system.

(2)

In accordance with the national

Present topics

economical
depression, structural reforms of public works have
been major concern in these days, including water
supply works. Government has changed the Water
Supply Law, insisting on the policy change from
uniform style of water supply work to
diversification of it depending upon each regional
requirements. It means the change from the nation-
ally regulated work to the independent one under
self-responsibility. In the new Law, Regionalization
of the works, Entrustment of the works to external
bodies and Open publication of the related informa-
tion are also recommended.



(3) Future perspective of the works

The author had a chance being engaged in the
governmental committee for the Basic Problems of
the Water Supply Works (Kihon mondai kentou-
kai), which was a preliminary discussion for the
change of the Law. Through the discussions, he felt
sure the policy change from uniform style of works
to regionally independent style of the works depend-
ing upon each regional requirements. That is from
the nationally regulated one to locally free one
under self responsibility including the privatization
of the works in some special case.

3. EDUCATION OF WATER SUPPLY
ENGINEERING

(1)

As one of the structural reform of the public

Reform of university

works above mentioned, national universities are
also enforced to reform themselves to smaller or
compact one. Some types of privatization of
national university are under discussions mainly
focusing on the engineering field which was expand-
ed for the industrial recovery from the last war.
Final goal of the reform is not clear at this moment,
but classical or basic fields of engineering are
expected to be cores of the reformed engineering.
They believe that the applied science or engineering
such as water supply engineering will be disappear-
ed or should be grouped in a specific field.

(2) Water supply as a training field or as an
educational field

The author insists on the importance of the water
supply engineering as a training field or educational
field because of the well balanced requirements of
physics, chemistry and biology in addition to the
covering process areas from planning to mainte-
nance. Students can image up “what is the real role
of engineering” as a base of engineering through
studying water supply engineering. They may con-
tinue their major field after studying water supply
engineering as a base of the engineering.

4. BASIC REQUIREMENTS FOR NEW
WATER SUPPLY ENGINEERING-Some
Example Studies-

Conventional Water Supply Engineering requires
physics mainly hydro-power for the distribution of
water, and some chemistry and biology for the
quality measurements. However, in order to cope
with the toxic substances, more precise chemistry
and biology on molecular level must be involved. At
the same time, for the management of the economi-
cally independent or self earning system, micro and
macro economies must also be involved. In molecu-
lar level sciences, micro energy is a key factor as
later shown. In other expression, for water supply
engineering, multilevel of energy movements must
be trained in well balanced form from human health
problems to monetary management problems.

(1) Micro-energy sciences

As micro-energy sciences, molecular level of
chemistry and biology are highly developed in these
decades. Some example studies are shown as fol-
lows in related forms with water supply engineer-
ing.
a) A study of quantum chemistry

Theoretical chemistry has been greatly developed
in these decades and it is already applied to the
practical industries with fruitful results. In aca-
demic course, it is given in primal grades as one of
basic requirements.

Theoretical background is in the mathematical
The next
Sholedinger equation describes the harmonic vibra-

description of electron movements.

tion and circular movement of each electron ;
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By solving the above differential equations (con-
stant coefficient, 2" order), structure of electron
formation around nucleus which compose a mole-
cule can be quantified. Number of electron is deter-
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Fig.1 Preliminary pre-treatment of 2-MIB using a Soft-
ware.

mined by the electron charge of the nucleus and
electrons in the form of a pair are distributed to the
1%t 27 37 . .orbits around each nucleus. Maximum
capacities of each orbit to accept electrons are 2, 6,
10, ...on the above each orbit. By finding minimum
energy of a molecule, structure of a molecule or
coordinates of all atoms which consist of the mole-
cule can be calculated. For the calculation a power-
ful software is already prepared and easily pur-
chased.

Chemical reactions are theoretically predicted
through these calculations.

b) A case study; molecular structure of the
offensive flavour 2-MIB

The molecule of the offensive flavor 2-methyl-
isoborneol (2-MIB) is drawn as shown in Fig. 1,
using the software Chem Draw. Transferring the
given data to the software Chem 3 D, the 3-dimen-
sional structure and the coordinates of each electron
which consists the 2-MIB are given after the minim-
ization calculation (MOPAC calculation prepared
as a software). By giving the obtained coordinates
data to the dvxa calculation developed by Adachi,
HOMO (Highest Occupied Molecular Orbit) and
LUMO (Lowest Unoccupied Molecular Orbit) are
calculated by the software. From the Fukui theory
(Nobel Prize winner’s theory), electron transfer
from HOMO to LUMO gives the approximate possi-
bility of the following chemical reactions.
¢) Possible chemical reactions

There are several methods to assume the follow-
ing reactions theoretically in addition to the above,
an example calculation of the reaction when pH is
decreased in water with 2-MIB is shown in Fig. 3.
(Here, the effects of pH is calculated when H* ion is
located to the near location of 2-MIB are calcu-
lated, using the MOPAC software). The same type
of calculations are conducted for the environmental
female hormone Estradiol leading to the results
shown in the Fig. 2.

More, generally, possible chemical reactions may
be assumed from the following HOMO and LUMO
calculated as shown in Fig. 4.

d) Electron Movements in the Field of Molecular
Biology
In addition to the above chemical reactions,
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Fig.4 HOMO and LUMO of 2-MIB and estradiol.

biological reaction will also be theoretically esti-
mated as an ordinal chemical reaction in very near
future.

As summarized in Fig. 5 illustratively, the knowl-
edge of enzymes will be indispensable for the biolog-
ical reactions in very near future.

Additional remarks of the Fig.5; 1)
Body cannot utilize heat energy, 2) It gets energy
through H uptake from reduced C under the enzyme

Biological

existence.

In order to decompose 2-MIB biologically, Ps.
Sluoescence was isolated from the bottom debris of
Lake Biwa. After an artificial growth of the bacte-
ria, crude enzyme (all enzymes mixed) was
obtained from the cell destruction by Ultra Sonic
Dose. After the check of degradability of 2-MIB by
the crude enzyme, it was separated as shown in Fig.
6 using a Gel-filtration, and each separated fraction
was measured which can decompose 2-MIB. Judg-

ing from the description in Fig. 5, ATP is a key as
energy source of the reactions. However, the above
experiment was conducted without any addition of
ATP, because crude enzyme also contains ATP. If
experiments after removing ATP from the crude
enzyme will be conducted, energy requirements of
related reactions will be quantified by adding ATP
in the above experiment.

(2) Hydro-energy sciences

Hydro-power problems with kinetic and potential
energies are quite conventional and popular in the
water supply engineering. Therefore, descriptions
are perfectly eliminated here. However, mainly for
the both of the designs and the maintenance of
equipments, hydro-power is the fundamental energy
without any doubt for them in the 21 century.

(3) Monetary-energy sciences

Water supply works are financially independent
as previously cited. All required expenses are
basically provided by the water supply income only.
There are two basic problems ; one is the appropri-
ate price determination and another is.the prepara-
tion problems of the large funds for their facility
renovations or is a finance problems. These prob-
lems are not real energy problems. However, the
monetary balance sometimes depresses the entire
works, and therefore “in and out balance” of money
is simulated in the same concept with energy bal-
ance, employing the terminology “Monetary-
energy” here.
a) A case study of IS-LM analysis for water

supply works

For finance problems, IS-LM analysis is a proper
method to simulate the money balance in the macro
economic activities.

low is often employed for the calculation.

Mathematical models as fol-

Income Y ; Y=C+I+g (5)
governmental expenses ¢ ;
Expenses C; C=100+0.6Y (6)
Investments 7 ; I1=200—660# (7)
Supplied Money Amount M in money market ;
(M/P)=0.4~20007» (8)

Price rate P;  Pltl=Q+plt—-1DP[t-1] (9)
Price adjustment 1 ;

1=0.25(y[ £ —1]—1250)/1250 + pie (10)

Expected inflation ;



Hydrogen has electron from the sunlight
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Carbon accept electron by reduction

CO:z + H20-(CHz0)+0:
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A+ 2H-> AH:

/

Bio body accept electron by the reduction of enzyme NAD to NADH:
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Fig.5 Illustrative descriptions of the relations of electron movements with biological reactions.
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Fig. 6 An experimental result of enzyme’s abilities to decompose 2-MIB without any addition of ATP and NAD.
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Fig.8 A predicted result of simulated values in Fig. 7 applying the ARIMA model of the time series method.
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Fig.7 A simulated result of the above economic model.

pie=0.4pi[t—1]+0.2pi[t —2] (11)
Supplied Money M for the market controls all
economic activities; some are invested or saved,
and the rest used for the required consumptions. In
other expression, M can purchase money itself in
the currency market and also can be used for
material consumptions. In the following simulation,
for the price adjustment, unexpected effect (s) is
added, and the unexpected disturbance (z) is added
for the total demand curve also. Unexpected effects
are simulated with the normal random numbers in
the calculation. An obtained result is shown illus-
tratively in Fig. 7. The income Y or money for the
consumption is simulated as an example. From this
type of calculation, many types of financial prob-
lems will be solved in the future.
(4) Additional requirement for the future engi-
neering
Prediction technology is focused here as an addi-
tional requirement for the future engineering. Pre-
diction is the poorest technique in many fields of
engineering. Therefore, the author dares to add the
expectation of the establishment of more sophisti-
cated prediction method depending upon the avail-
able data. Here, as one of such methodologies,
Time Series Analysis is highly recommended for the
future of water supply engineering as shown in Fig.
8 in which a predicted result of the simulated values

in Fig. 7 is shown as an example utilization of a
software I'TSM.

For the future prediction for the engineering,
mechanical backgrounds must be taken into
account more. However, here most simple method

is only shown calling attention on these subjects.

5. SUMMARY

Professor Tambo is now retiring from Hokkaido
University after heavy duties as the President. In
addition to his great scientific contribution to the
field of Environmental Engineering, he has shown
the future direction all Japanese Universities should
go for the future as a President. The author feels
great honor to be given this type of opportunity to
express his cordial appreciation to the All Professor
Tambo has shown for all of us.

(Received June 26, 2002)
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