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SUMMARY

- The basic concept is to avoid the accumulation of pollution scoriae inside any closed environment; asmosis with outdoor
air o dilute the indoor pollution is really impossible in the case of climatized submarine’s environments, {almost during the

immaersion), in an optimal way.

The system KOALA , which is used for such a purpose, can be configured ilself fike an ideal slectronic window.

It is a group of apparatus particularly suitabls for the depollution of dusts, gases, sub-micronic particulate and sterilization
of bacterial, viral and fungal charge, contained in a box of modest dimensions and placeable In any corner near the walls

of the environment to be treated,
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1.0 INTRODUCTION

Indoor air quality (IAQ) problems can ariss from many
sources. The need to breathe pure air has already been
. Gefined as a very important aim by scientific assernbly.

In recent testimony in connection with the now delunct
Indoor Air Quality Bill (H.R. 1066) presented- to- the
Congress by the U.S. E.P.A. it was recognized that
dilution ventilation alone s not the solution to .A.Q.

problems; and it was stated that good indoor air quality

can be achieved by following an integrated approach
which combines dilution ventilation with source contral,
and the use of an effective localized air distribution and
litration system (A, Hedge - Cormall University - Health
indoor air '94 - Anacapri - Naples). [1]

Poliution of the air in a submarine assumes four different
physical states: '

- . GASEOUS

- PARTICULATE

- MICROBIOLOGIC
- ELECTRIC

apart from two peculiar physical states:
- Electromagnatiq waves, '
- lonogentic radiations {natural and not).

Thera always exists a synergy between these physical
entities, to be considered when the saiubrity of an indoor
environment Is analyzed,

The air friction on a metallic isolated surfage Is anaugh,
when the speed exceeds 2m/sec, to generate elecrosmog
{cationic charge tied lo the Azote atoms N+, about 80% in
the air).

Al this slows down the dust sedimentation, facilitating
microbiologic and tungal transfer from the environment to
the human body. Vary sensitive subjects, for sxample
asthmatics, have such immediate allsrgenic reactlons, that
they could be used as. "environmental sensors™,

The same kind of submicron dusts or liquid aerosol
absorb gasses, "extending” their toxic action against the
human Jungs, .
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Contrary to what people generally think, the risk of

contaminated air is as dangerous in this respect as water, -

From studies published by Prof. Ziglio - Politechnic
institute of Milan - about the efiects of the pollution in .
potable water on the human health, resulls that the
oncogenic revealing {trichloroacetic acid) in the blood, is
immediately manifested after a steam inhalation and not
after drinking a glass of the same water. [2].

A further confirmation of this concept is glven us thanks

to the publication, from a group of E.P.A. ressarchers

(Environmental Protection Agency-U.S.A.), about the
potable water contamination caused by microscopic
amiant fibres present in high quantity (between 200,000
and 3 millions/litre).

Since today, gastrointestinal tumours have not been
considerad to be caused by these fibres in the U.S.A..

The danger is in the air, for the respiratory apparatus,

aven when water is used for ¢leaning or cooking:

- politants, in their gaseous state, are toxic gasses
mainly produced by fuels combustion for locomotion,
cooking and heating, for example: CO, NOx, SQ,,
C.0V,, Q, . _

Added tgf.f'{t'hase ate other emissions from -corroded
materials ‘and human aclivity:

- formaldehyde, radon, chloro, benzene, pentachloro-
- athylene, pantachlorophenal.

The pol!ufants, when are in the stale of particulate, are
divided in iwo categories:

- dusts with dimension greater than 2 microns;

- particulate with dimension less than 2 microns,
After extensive research of indoor environments, it is
avident that dusts constilute about 3% of the solid
material suspended, and the particulate is about 87%.
The main source of these kind of pollutants is from
external air caused by wind actions, traffic, and dressing
material's corrosion.

The microbiologic poliutants are divided into:

- bacteria, viruses, moulds, funguses, fungal spores.

The human body Is considered one of the causes of this -

environmental contamination, added o animals and
machanical ventilation systems,

- The Electric poliution of the air {defined Electrosmog),
is the olectrostatic charge from the cations {positive
ions), normally tied to the Azote atem in the air.

Qutside, the traffic produces high quantity of these
ions, the same happens In an Indoor environment
caused by: air-conditioners, heating, TV screens,
computers or people stepping on the carpets,

The Electromagnetlc Wave pollution is caused by the
eleciric current running through high voitage externallines
and it is very dangerous for anybody who stands for long -
time near these electrodes, The sama risk is present -
inside the environments closed to:

- electric Installations;
- lighting systems;

- electronic apparatus.

Even radio ransmission systems, radar or simply celiufar
phones generate alectromagnetic fields; obviously |
proporiionally to the intensity of the cument used, :-
Numerous research centres are trying to evaluate the
danger for humans. For certain it is Known, the potential
risk as a synergy element add to the other paliutants, ;
The worst effects are in the blood cslls. This problem
causes possible leukaemia, deformations of DNA in
reproductive celis with consequent herediiary disease for ;
unborn children., Exposure over a long time, it Is thought,
could generate tumours in cercbral tissues. ;

~

Air pollution Is produced by lonizing radiations from :
radioactive substances, malnly natural ones for the
Radon, generated when the Uranium comes In contact
with air. It comes into living areas through potable water,
building materials, gasses or winds, Artificial transmission
is caused by all fuels, for locomotion. In buming, they
produce a high percentage of Polonium 210. It s
especially dangerous for those who travel by means of
locomotion.

PR Y

Other means of ionogenic contamination are radiologic :
apparata for hospital and ambulatory and the ones:
for nuclear medicine, responsible of the lodine 131
pollution. . ) '

20  INDOOR AIR QUALITY IN A SUBMARINE

Space shutties and submarines, distinguished by a very :
restricted environment, have supplied the reason 10
evaluate the LA.Q. {indoor air quality), according to i
military methods normalized and derived from procedures |
of: A.C.G.LH. (Amarican Conference of Govsrnment ,
Industrial Hygienists), N.A.S.A,, U.S. Air Force and us.:
Federal Aviation Administration. The prolonged dives of.
"BEN FRANKLIN*, P. Piccard's bathyscaphe (Abeles
1970), have supplied very effective methods for walching |
the 1.A.Q., reported by BERTEL'S & Crump (1977), wI'_uEe@
NEFEDOV and others (1969) des-crived an innovalivé
method for exhaled air analyses. [3]

L)

These innovations were activated in the working world by
NIOSH (U.S. National Institute for Occupational Safely
and Health) referring to the H.H.S. (U.S, Department of
Health and Human Service), :

in the civil area protocols were developafd fr?"‘r
A.S.H.RA.E.(American Society of Healing, Relrigerating
and Air Conditioning Engineers). .




These methods were optimized to be effective at
concentration levels ten times greater than those that are
generally cansidered under the exposure prascribed by
the fow for the population occupying snclosed spaces.

Modern nuclear submarines and space shuttles need a
wise management of metabolic aerodisparsed products.
Knowledge of their naturs and thsir concentrations have
been widely described by: Fomin {1965), Johnson &
Sargent (1968), Nefedov, Savina & Sekolov {1972),
Parker {1973}, Shepslev and other (1974). They are
malnly characterized by:

- exhaled air;
- human skin’s scales;
- sudatlon and intestinal gases (Roth, 1968). [3]

Every day the human body loses from 15 to 30 millions of
scales of 0,3 micron, each one carries statistically 4 or
more bacteria. Its contribution to the daily dust generation
in the environments is, in media, about 3gr./day for each
man. Total bacterial charge loss by a human body in one
day was caiculated 1o be about 160mg.

Thesa are the responses to the epidemic phenomena to
which the crews are subjactad overall for respiratory
Infections during some wesks (Moris 1972; Morris and
Fallon 1873), [3]

‘On the walls, staphylococci and streptacoccei have been
noted, and Russian astronauts have documented the
need to spray on the instrumentation displays inside the

shuttle abundant disinfectant to make reading the .

indicated values possible,

Such blo-effluence, forms a significant part of solid
particle’s suspension, measured in a closed environment
in 0,4 mg./m®, about twice that one can obsarve in a city
atmosphere in a foggy day. [3) '

Another aspect 1o take into consideration, Is the strong
perception of cutaneous sacrelions, normally the
perception lavel is to 10" molecules/milliliter {Yagian
1936) [3] I there were 28 m® of alr per person, It would
needed 2,4 fitars/sac, to gain such smeliing perception;
but in case of 11m® per person, the nead of external
venlilation passes to 19,2 liters/sec.

The preponderant part of the dusts {97%) in one
enviranment has a corpuscular measure under 2 microns,
and it can penelrate through the respiratory tract, reaching
the alvectar membrane. [4]

Such a group of dusts is commonly named R.S.P,
(Suspended Respirable Particles). The human lungs
effective filtration is about §0%.

With respact to their biclogical, physical and chemical
rating, they may be dissoived in the blood circulation, or
be expellad through the mucus, or be capiured by
lymphatic gangii of the lungs.

Asbestos fibres, just oncogenic themselves, could adhere

o biological material causing cruciate-contaminations.

This type of action is typical of glass fibres, also, but their
oncogenic rating is now under study.

Another poliutant, more dangerous because insidious
for man, is Carbon Monoxide, It may be concentrated
in a short time and exceed the T.W.A. {Time Weighted
Average) of 10 p.p.m. by E.P.A. for 8 hours of exposure,
also in presence of little combustions like cigarettes. i3]

Equally complex till today, is the recovery from micro-
biclogic poilution in  environments with high density of
occupants, That is proved by nosioccomial infection trends
in intensive care units,

The EPIC study sxaminsd the prevalence of infections in
1.C.U.s (Intensive Care Units) in Western Europe on a
single day. Information was collected on 10.003 patients
from 1417 LC.U.s in 17 countries.

Overall, 45% of the surviving patients had, at least, one
infection.  Gram-positive and Gram-negative bacterla
isolated were almost equally common. '

The most common )C.U.-acquired infaction, was
pneumoania, occurting in 46,9% of patients with one or
more acquired Infection and ‘other ones of lower
respiratary tract (17,8%). [5]

Since confirmation by SIPIO Project in ltaly (CURTI, 1893)
".. in the hospitals and, overall in the intensive care
units, lung infections constitute the principal cause of
death", [6} '

Air pollution operates on the human body through its vital
aspects:

- physieal;
- mental;

- sexual. .
At the physical level, it ganerates a debilitating situation
reducing the dsfensive abilities, and now it has beén seen
the allergic syndrome in epidemics. Or, in the case of
cancer, deaths by lung tumour are increasing of about
25% every year.

At the mental level, it reduces the performance of
intellectual activities, increases stress or the ability to
concentrate, as happens when the lead level in the blood
exceeds 0,20 micra gr. {7}

At the sexual level {in man), it reduces potency, advances
the andropause and increases the infecondity in
newlyweds. (8] -

Pollutants in air are not perceptible to the hitman sense of
smell, only initially can an increased lavel be noted, but
the human becomes accustomed after some minutes,



3.0 ENVIRONMENTAL ELEMENTS AND

NERVOUS SYSTEM PATHOLOGIES

For subjects genetically susceptible, fow concentration
exposures to neurotoxic substances present in the
environment, for a long peried of time, could contribute to
the pathologic evolution of the nerve-degeneration
syndromes.

Nervous system cells, reduce in time for physiclogical
reasons and in case of a pathological event. Contrary to
other organs’ cells, these cannot duplicate themselves.

Atmospherle and indoor pollution, almost always have
high concentrations of toxic substances for the nervous
system llke: Lead, Mercury, Methylbenzens, Xylens, and
a racent discovery, Aluminiumn, {9}

In ltaly, every year, 5000 tons of lead and another
1.800.000 tons of G,0.V. (volatile organic compounds} are
released In the atmosphere, lilike Xylens and
Methylbenzena that are 30% of a car fusl's weight.

These two substances are in many chemical compounds
In common use fike polishers, paints, detergents, solvents,
deodorizings or fusls, and their emissions are more
eoncentrated in indoor environments.

The eifecls on the nervous system are wall known

- tlred_qass,

- drowsiness;

=

- équi!ib-fium disease and short-memory.

A final confirmation has been given to us with three cases
of Parkinson’s disease In three subjects professionally
exposed to N-Esano that is used as a substitute for alt the
Benzens and Formaldehyde, solvents for adhesives,

As happens for cancerous substances, with neurcloxins
it is difficult to eostablish the level under which it is
impossible {o have a biological effect.

The most powerful toxie action agalnst the nervous
system is caused by Mercury. This element can destroy
proteins In animals, vegetables and create permanent
cerebral disease in human beings. {9} Mercury is used in
batteries, paints, dental amalgams and as electrolitic in
salty water to produce Chloro. K is always present in
fossil fuels, that burn and create electric and thermal
energies, so consequently releasing it in the air.

It is obligatory to organize preventative measures able to
guarantee a strong limitation of Lead, C.O.V. and Mercury
molecules, especially inside means of air flow where the
toxic concentration can be from 3 to 18 times higher with
respect 1o the already contaminated external air. {10]

Another aspect to consider is the abundant number of
positive ions in the air as opposed to the scarce number
of negative ones.

This causas tirednass, headaches and bad-psrformance;
it is easy o lose concentration with drowsiness, irritability
for no reason.

The ions are atoms that tend to unbalancs, but they :
always have a chemical molecular fixed link. Generally |

atoms have the same number of electrons, each ona is a
negaiive charge, and protons, each one is a posilive
charge,

When inside an atom, positive and negative charges are °
balanced, the atom is neuiral. it sometimes happensthat -

the atom loses one slectron, and il changes its nature into
positive, it bacame a cation,

Alternatively, when the atom catches one more electron,
its charge turns to negative and it is called an anion.

Positive and negative fons are the atomic gases

constitting the atmospheric air; Azote, Oxigen, Carbonic
Anhydride.

"SMALL IONS" are the result of the electric conductivny

of the air.

and tending to create a link with Oxigen - atoms if any
kind of contaminant is present in the air.

They do not feel the effect of terrestrial gravity, as

Small ions are generated by electrons (free by radiations) |

opposed, for example, to aerosol and fogs (wﬂh_

elecirostatic charge), subject to gravitational attraction

The relation batween positive lons (+) and negative fons
(1) is defined by their spatlai charge and depends on'
environmentat factors. {11]

1‘

o
For example, heavy traffic in town produces about 8

millions/cm3 of posiiive lons.

The phenomenon Is natural: normally in town there are .
500 ions/em® of air (300 negative, 200 posmve}, in the
countryside, or In high vegetation zones, is possible to'
find about 2000 lons, but the proportion of negative’ to
positive is always the same, 3 to 2. [12)

Ganerally, a man breaths about 10.000 litres of air even'
day and 5 miliards of ions come Into the lungs In a
"clean”, non-poliuted, area.

A natural causa of positive fons increase are winds, like
the Scirocco, the Foehn and the Sharav in Palestine.
This is considered a calamity and brings headache,
nausea, eye-sting and, in some sub;ects cardiac,
respiratory or circulatory disease.

The reason is not clear yet, but haemoglobin in blood
tends to have a stronger affinity with the Oxigen negative
atoms at a pulmonary alveolus level, much higher thaﬂ
with the positive onas.

fmproving the air quality is possible in two ways
depuration and depollution.



To depurats means to remove the dusts (of dimension
over 2 micron), depollution means to remove the
pollutants in their physical states: '

. toxic gases;

- particulate {dusts under 2 micron};
- micro-organisms;

- eleclric charge balance,

Depuration is effectuated through electrostalic filters
andfor through lonizators. These apparata have limits in
efficacy, maintenance, safsly, aeraullc system applied.

The electrostatic filters are charactsrized by a minimal
action threshold such as to exclude, as a matter of fact,
the smallest particles (all gases, spares, viruses normally
carried by host-panticles). Maintenance is very difflcult

_and not very practical, Safely is limited because it does
not avold bactsrtal reproduction in Indoor snvironments
and dangerous diseases can develop fast (pulmonia,
mycosis etc.),

Moreover, the aeraulic system, not well designed, permits
a depuration just near the machine; these apparata are
often sold as depoliuters but the technology doesn't aliow
appropriate  results (actually they are forbidden in
operating thealres).

Such limits have convincad people that air depuration is
impossible.

Electric flelds caused by the friction bstween synthstic
“dresses, shoss, carpets, hoover-cleaner, frictions to polish
things or surfaces, removing dusts, ventilation systam, alr
conditioners, could arrive also to 30.000 Volt/em.

The static discharge under 1000 Volls are not usually
reliable, but the discharge around 30.000 Volts are strong
and considered troublesome for everyons {13].

In nature, even moon-phases modify the atom's charge,
as tempesls do when they occur. Before it happens,
there is a massive quantity of positive ions in the alr, after,
during the qulet-phase, the negative lons increase, This
is the explanalion of animals’ agitation before the onset of
thunder and lightning.

In an indoor environment, all slectric machines produce
positive ions; even walking on a carpst with rubber shoes
provokes the same sffect, But the main cause is the air-
condtitioner that generates cations by engesns, ventitation

pales and, espacially, by Azote atoms friction of the airon

the isolated surface of the plants that, having the air a
spaed more than 2 m/sec., chargss in a catlonic way (In
ventilation systems, air circulates with a speed from 4 to
11 misec.).

The air even goes through synthaetic filters, proveking
positive fonization of Azote atoms; it is demonstrated by
the fact that every friction between two badies, when one
is Isolated, creates positive charges.

Then, even avery kind of plastic material manufacture,

- produces electrostatic positive charges. Our philosophy

in approaching the problem, based on the mathematics of
OLF and DECIPOL, defined by Prof. Fanger in 1989,

" presents considerable advantages in comparison with the

outdoor ventilation and it can be used in all the possible
placements with unchanged achieve-ment of the final
target: the control of indoor air quality, without waste of
energy for the outdoor evacuation of the poliuted air,

The KOALA is a group of apparata particularly suilable for
the depoliution of dusts, gases, sub-micron particules and
sterilization of bacterial, viral and fungal charge, contained
into a box of modest dimensions , and placeable in any
cornet near the walls of the anvironment to be treated.

After having stated the speed of air ventilation, it is
suggested that, KCALA be used In a continvous way,
taking into account its low electrical adsorption,

Nothing prohibits the use of the apparatus in a
discontinuous way. On the contrary, in comparison with
other ventilation and conditioning systems, it doss not
release materials at the restarting time.

Moreover it has considerable advantages in comparison
with traditional systems of electrostatic filtration or of air
lonization, because:

- ltdoes not need pre-polarization of the dusts for their
caplure.

- It does not use high tensions on the air and therefore
it does not create Ozone.

- It doses not use interception platss fald one upon the
other and therefore it does not need controls and
maintanance to avoid electrical discharges from shoit
circuits due to the accumulation of stopped material.

- Also without maintenance it does not emit dusts and
bactarial charge, even if it is used In a discantinuous
way. '

. v
- Air ionization happens in a clean way, without
provoking precipitation of dusts onto the environmant
surfaces. '

- It can he used in the presance of other systems of
thermic and/or climatic adjustment of the environ-
meant, because, for its kind of flow and air launching
speed, it does not creats interferences, or turbulence.
In the case of absence of such apparata, anyway it
respects the convective movemant of the environ-
ment nat mixing the air close to the cslling with that
close to the floor. It is of basic importancs, in order to
avoid the resuspension in the air of the parliculate

" and bacterlal charge.

- 1t avoids the "ralapse” on the surface of dusts and
bacterial charge or fungal associated one and allows
the bast warking of sclentific instruments and related
control panel (usually invaded by bacteria and moulds
in environments without change of outdoor air).



- The possibility to change the KIT-FILTER quickly and
without maintenance, allows recovery from gases
even for particular working requirements, using
SPECIAL KIT-FILTERS, aimed af particufar polluting
gases.

- It aliows the control and the healing also from
radioactive gases and dust in a continuous way, as
already demonstrated on RADON and I0DIUM 131
either in civil environment than in those sanitary ones.

it may seem excessive to define the KOALA system as
the new frontier in air fitration for closed environments,
but that, on the contrary, is really appropriate. In fact
recent studies in hospital environments have ascertained
that on average 97% of the dusts suspended in one room
have dimenslons less than 2 microns. No liltering system
can guarantes IN A CONTINUOUS WAY, a standard of
filtration at such a leval of granulometry.

Certainly there are plants with absolute filters which, in
industrial environments of microelecironics  and
pharmacsuticals, guarantee a cleaning class in the limit of
0,3 microns, but thay need a control system and such
maintenance as to make their use particularly difficult and
expensive. Howsver their use always provided that
people are kept out of these environments or, otherwise
that they are isolated from the air by means of masks and
appropriate garments.

The dlagram No. 1 shows a typlcal action of an hepa-
fifter, that's "only a Iittle” absolute, comparing its indexes
with the vaiues read in standard conditions {with a new
fiiter) its initial efficacy Is referred to paricles of about 5.
micrans, Subsequent filtered material raise hepa efficacy
to particles having dimenslons lower than one micron,.
But, being made up in a thin tissue it could be sub}ectedf
to dangerous vibratians, that cause frequent losses of,
filtered materials. [14] ‘

DIAGRAM NO. 1

= 1 1 [ T 111}
ol L1 LT | T T LT
i | T AT [|—=—oea T
SR |7 U T [| oo 11T
gl L LI L e LU
- I AN s T
N I N N AN RN
2 NN !
' o | T T I T T Irt
o R NN
Q.1 1.0 10.0

Diametra panicelle {micron)

For what concerns the elactrostatic filtration, even if It
normally presents the possibility of a standard of {iltration
down to one tenth of a micron, it changes quickly to 5
micrans because of the oxidation of the plates for the
dust's capture,

Therefore is justified the axclusive supremacy of KOALA
in the fittering in continupus way at a standard of a

thousandth of micron (0.001 micron), Independantly from

the maintenance, for an exiremely long lime (in a
standard civil environment, at least 3 months),

This premised the proposal to use the technology KOALA
for the optimization of indoor air quality in a submarine,
rises from the possibility of developing the product and to
produce a "dedicated” version of it.

it is our aim that KOALA technology may represent an:
evolution factor of high strategic value, aiso for naval and;
submarine concept design, and a quality development in.
construction of submarine's interiors. There are a variely
of benefits for all the crew: ’

- A better level of physical reactivity and ability, moré
resistance against intellectual fatigus, evident aﬂd;
conscious increase of concentration ability, more sefl- |
control, less emotional susceptibility and irascibiliy- |

- At physical level it is expected an optimal standard,
with a guarantee of prevention for all the syndromes
and pathologies of the respiratory and pulmonaly ]
systems, one specific preventive action, impossible lﬂr.g
other way, of cardio-vascular disorders. i



While the capital benefit for the naval architect consists of
ralying on a new technology based on the concantration
of polltants instead of their dilution, that has just proved
the ability to substitute 21 external ventilation rates per
hour in an environment of 60 m®, {15)

Qur experimental proposal for the submarine adoption of
the KOALA Syslem is the installation of one machine in
each environment (with a dedicated project), sufficient to
cover all neads of LA.Q. (Indoor Air Quaility), and fo
choose the period of dive as long as passible to realize,
with no doubts, a new clear, crew "performance”.

These apparata will use KOALA technology to activate a
strong depoallution in every kind of environment against;

- dusts;

- gases;

- micro-crganisms, and
- electrostatic charge.

The verification will be effected in two phases and through
two enquiries; _

a} A questionnaire followed by Interview about the

subject well-being to extend to the rest of the crew.
Text will follow 1L.A.Q., International standards of

enquliry.

b) Instrumental text to look into the main environmental
paramaters change, relative to 1.A.Q. valuation,

+  First phase without KOALA system in use.
+  Second phase with KOALA system in use,

Thanks to this apposite plén we bslieve it would be
possible fo indicate:

- times;
- cosls; -
- modality of installation and use;

- protocals of environmental veritication and the crew
enquired composition of the testing specialist group.

All this sffort we hope will be spent to obtain an assured
environmental guarantee and, especially, to secure an
aptimal psychological and physical performance for ali the
crew,

it will lead to good results in every situation and a real
possibility of achieving high aims whatever a naval
operator demands,
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