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disinfection of drinking water with ultraviolet light were developed in the
early nineteen hundreds. As with contemporary UV water disinfecters,
these devices typically directed the untreated water flow around a UV
20  lamp sealed in a quartz sleeve. This was done to utilize the rays being

emitted from any direction and to assure complete treatment of the
water.

Keys teaches a gravity driven water or milk sterilizer with a
quartz sleeve for the UV lamp, and a cooling coil. Horizontal grooved
25  baffles and channels are provide to direct the flow of the liquid to be
treated [U.S. Patent No. 1,307,500, issued June 24th, 1919].
Pole teaches the use of a large container for the feed water, and
then runs the water through a narrow channel.past a quartz sleeved
UV lamp twice, with mixing to more evenly distribute the water between
- 30 treatments. These features were provided in an effort to fully treat the
final product. A reflector was used to redirect divergent rays to the
water [U.S. Patent No. 1,367,090, issued February 1st, 1921).
Some of the many early systems taught by Henri et al. had a
lamp surrounded by quartz windows through which the feed water is
35 irradiated. Henri et al. teaches the use of a UV light in a quartz jacket
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WD 98/ 05367 PCTNS97/ 13528 2 to irradiate water during nunerous radial
passages near the light. Eddy currents are introduced by guides or baffle

plates in the.feed water, [U S Patent 1,200,940 issued Cct h 1916
and di vi VOI805367S. Patent No. No. 1,473,095, issued Novengg—?‘;ué%ﬁ 13539 53] .

In one Henri 5 et al. patent, the feed water flows beneath the lamp within:
Its quartz <container [U S. Patent No. 1,193,143, issued August 1st, 1916].
Wil e these early systens provided the f?rst nodels for |ater UV systens,
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7th, 1991]. Because di si nfection mtations of currept UV systens,
35 UV devi ces ¢tentemrasantdyedisinéertian ¢evieenbare recely kgen ArENRS on

popularity, particularly in Europe. While the treatment is still of very
high cost, health concerns about standard chlorine disinfection have
20 lead certain affluent communities to employ expensive modern UV
disinfection devices to decrease their exposure to this chemical. By
1990, approximately 2000 municipal water treatment plants in Europe
were using UV disinfection systems.
Contemporary systems typically require complex circulation
25 schemes. Because the submerged UV lamps require a quartz jacket
regularly subject to mineral and biomass build up, many systems are
provided with mechanisms which continually clean these surfaces
[Hippen, U.S. Patent No. 3,562,520, issued February 9th, 1971; Eliner,
U.S. Patent No. 4,899,056 issued February 6, 1990]. Partial
30 submersion of lamps during variable flow has been taught [Tipon, U.S.
Patent No. 5,208,461, issued May 4, 1993). Jacketing the feed water in
a coil about the lamp has also been used [Noll, et al., India Patent
Application No. 373/CAL/87, May 7th, 1991].
Because of the disinfection limitations of current UV systems,
35 UV devices have been developed which combine other disinfection




WO 98/ 053. 67 PCP/ US97/13528 _ 3 nethods to assure full safety of-the
treated water. Flatow teaches the conbination of nultiple W |anps and
supp) enent WRPPO¥Yr eat nent  with ozone for additional disinf&&GWEN718528, -
Pat ent No. 4.204,965, issued May 27, 1980]. Mortensen teaches purifying
the feed water with 5 an activated carbon,filter prior to UV treatnent
[U S Patent No. 4,615,799, issued Cct obgr 7th, 1986], as does Lin [U S
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areas. that 200 feet deep, the water has been sealed beneath an

20  impermeable layer of earth for a long time and is commonly
bacteria-free. Unfortunately, deep tubewells can be expensive and
time consuming to construct because of the specialized deep-drilling
equipment that is required. These limitations make this source of water
unavailable to many rural communities.

25 Disinfection with chlorine bleach is another method used by
rural communities to provide safe drinkihg water. This method kilis all
pathogen, including giardia. Additionally, if bacteria a reintroduced into
a chiorinated water supply, the new bacteria will die. A limitation to this
technique in rural areas is that it is easy to overdose water with

30  chlorine, thus requiring often unavailable trained personnel to test
chiorine levels before the treated water is consumed. Of critical
importance is that a steady supply of chlorine bleach is required to
provide disinfection. This limitation was considered a major cause for
the 1994 cholera outbreak in India when there was a breakdown in the

35  supply chain for chlorine bleach to a number of rural areas.
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'VO 98/ d5361 PCTI US97/13528 = 4 Boiling drinking water over a cook stove
to make it safe is a comon practice in sone devel opi ng countries such as

China. T ol d appsoachyis effective in elimnating
pat hogen?bag?—gé\%g(/er, with the deforestation of |arge ar easmg%ﬁf‘lﬁgﬁﬁ%m “of
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Additionally, there are serious health 4isks associated with snoke
i nhal ati on from biomss-fueled traditional cook stoves. The advent of a UV
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and general illness that fromthe use of lon units

based on the WM!WP@@W%PE?%'?’WISﬁVQéh%f‘V@$ of mikipns B @ecalse to t hese
comunities. The carefully designed flow rate and pattern of the inventive

angl od chanber wal I, and o aavMRR YRt 6B aN Bidiont trays and 30 i ni et
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laminarize baffel wall and beveled treatment tray. The progression of
the water through the system is powered solely by gravity. Built in
20 safety features assures water quality and the safety of even unskilled
users. The unique qualities of the inventive UV water disinfector will
allow whole villages in rural and underdeveloped regions of the world
to enjoy the advantages of safe water which is not available to them
presently. The decrease in infant deaths and general iliness that will
25  result from the use of disinfection units based on the inventive
principles will be of critical importance to these communities.
The carefully designed flow rate and pattern of the inventive
device is accomplished with baffles outside of the treatment chamber,
angled chamber walls, and specially configured treatment trays and
30 inlet and outflow ports. Gravitational force is relied upon to power the
flow of water eliminating the need for the pumps required by prior art
systems. Excellent reliability even with an irregular power supply and
very low cost are thus assured.
It is an object of the present invention to provide an innovative
35 flow design for a UV water disinfection system, allowing both gravity



5 driven fluid delivery and treatnment with a | ow pressure WV | anp,
decreasi ng energy depletion and environnental inpact. It is a further
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The innovative UV disinfector has numerous innovative features
20  which provide high quality drinking water at very low cost, about 5¢-7¢
cents per person per year, making safe water available for the first time
to many people in developing nations. The availability of a simple,
inexpensive method for disinfecting drinking water will save the lives of
many people, particularly children who are the most susceptible to
25 diarrhea! diseases. Because women are primarily responsible for
providing their families with water, the inventive UV disinfection system
can greatly improved their quality of life by reducing their workloads
and the number of their children lost to waterborne diseases. Apart
from the UV lamp and bailast, the device has a life of about 40 years.
30 The inventive device is also uniquely useful in a large variety of
other applications, such as fish farming, portable sanitary units, animal
husbandry, disinfection of serum prior to disposal, maintaining water
purity in air conditioning systems, etc. The inventive design can be
even further simplified for some applications, and tailored to the
35  specific needs of these other uses. For instance, flow rates can be



6 substantially increased in sone applications, while certain fail-safe
nmeasures are less critical in aninmal husbandry uses. The elegant sinplicity
of the priesenti system prevides for very |ow maintenance requirenents, nost
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the unit can be packed in on an anim@ or animal drawn cart, or even
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under 30 adverse conditions and when enployed by unskilled users. The basic
structures of the BT eSSEr, SENCAPYREN QROBIETIRARINSY Op, 2 0ot nuous
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PCTNSQ# 13508 main traeupdme pressure throughout the entry chanber. The feed
wat er t hengigure 3 is a cross sectional view of the UV disinfector at the level of

the baffle wall.

Figure 4 is a cross sectional view of the UV disinfector at the level of

the outlet baffle weir.

20  Figure 5 is a detailed view of the inlet manifold. Figure 6 is a schematic
view of the electronics.
Figure 7 is a diagram of feed water turbidity rough check.

DETAILED DESCRIPTION OF THE INVENTION
25 The integrated UV water disinfection system of the present
invention has many innovative features that work in concert to easily
and inexpensively produce safe drinking water. There are numerous
simple, reliable safety features built into the system which assure that
the unit will consistently produce safe drinking water, even under
30 adverse conditions and when employed by unskilled users.

The basic structures of the present device work together to
provide a continuous stream of safe water to the user. An entry feed
trough directs the feed water into the inlet port of the device. The feed

_ water proceeds into the inlet manifold through a distribution tube. The
35 inventive design of these features causes the water to be of essentially



enters the treatnent chanber through a perforated baffle wall, which
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into a collection vessel, or into a holding tank fromwhich the water is
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The baffle wall and exit baffle weir fore and aft of the treatment

chamber provide for steady, predictable treatment of all portions of the
feed water. Angling of the treatment chamber tray, and positioning of
20 the UV lamp and reflectors, assures that even water most distant from
the lamp receives close to the same UV dosage as that nearest the
lamp.
To assure the safety of the user, the 'power to the UV lamp cuts
off if its protective housing is opened, so that there is no accidental
25 direct exposure to the UV light. While a ground wire is provided to
avoid the potential for shock, there is also a Ground Fault Circuit
Interrupt (GFCI) provided which will cut off power whenever a short
occurs.
Entry Feed Trough The inventive UV disinfector is typically
30 provided with an entry feed trough fitted to the inlet port at the top of
the device. The entry feed trough has a number of functions in the
present invention. Among other functions, the entry feed trough
provides a reservoir for the feed water, serves as a settling tank, and

provides the proper pressure for entry of water into the disinfection
35 device.




The entry feed trough will typically be provided at the treatnent site by
the users. It can be fabricated out of many standard nateri ﬁl s,b such as a
| astic water drumor:large oil drum These vessel would then be cut to

Br ovi de w%?’f"%ﬂn ch does not go nore then ten 5 centi met err$TAEVAYRe
mouth of the inlet port of the device. When druns are enpl oyed, the drum -
can be cut along a dianetrical plane, oviding two entry feed troughs
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first tank will provide an initial settling with the cleaner portion of the
water spilling over the dividing wall into the second tank. The second
20  tank, receiving this pre-settled water, will provide an especially low
turbidity feed water to the inventive device. This approach would be
particularly important when water with high levels of silt or blown
earthen dust contaminants is to be treated.
Lifting problems for cleaning and other purposes are minimized
25 by use of bisected cylindrical entry feed troughs.
Once disconnected from the device, the bisected cylindrical
entry feed troughs can be easily rolled to one side or all the way over
for cleaning and emptying. Providing removable props, such as rocks
or wooden wedges, to keep the troughs upright during use may be
30 preferable to a permanent stand to aliow for ease of cleaning.
Alternatively, the half-drums could be provided with a semi-circular
cradle stand on which they could be pivoted.
Half-drum entry feed troughs can also be easily overturned for
full drying, to avoid catching debris when not in use, and for
35 disinfection or paint drying. It may be useful to periodically roll such



troughs onto blocks to allow conplete circulation of air on the inner
surfaces of the druns. Using an aninmal feeding trough, or other flat water
hol ding +d&¥P &84S the entry feed trough would al so be appr d$iTE%98/13528 —
Because 5 of the large surface area of water exposed, the trough wll
typically be located in a protected area, or the major part of it covered,
such as by a corrugated netal sheet. Thi & will nininize airborne
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si mul t aneousl y,a c@ﬂeh@ﬁ_ﬁxwgtd‘bm G@UIB% é_gmbfa, d,bS_QQH‘tR{ %Qﬁfuld BB! ement so

that th [ |t i,ns in spensi.on durin raini ng. en space is at a
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or otherw se a . | engt h the device. For instance, if the
device is encl g"srg@e?%g%ﬁltégrﬁépger'or ot her protective housing, it would be

useful to have the wthefeedieptough mgela)abe?.usefullg_rfgtetvcmhf)}ﬂglml ?rgwét%epﬁggrt o: 0i n a
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PCT/ US97/ 13528 derPred. When the drainage port is of a sufficient diameter, the water
20 and silt at the bottom of the trough can be drained simultaneously,
perhaps with agitation with a broom or other implement so that the silt
remains in suspension during draining. |
When space is at a premium, the trough can run the length of
the device, typical one meter. However, there are advantages to
25  having the trough run perpendicularly, or otherwise at an angle to the
length of the device. For instance, if the device is enclosed in a lean-to
or other protective housing, it would be useful to have the water
depositing area of the trough in the open or in a higher, perhaps less
protected, enclosure. This will allow the user to avoid bending, or
30  otherwise be inconvenienced for providing feed water to the device.
The feed trough serves as a reservoir for the feed water. This is
particularly useful when the water is provided in a non-continuous
manner, such as when it is retrieved from standing water in bucketfuls,
or is provided from a discontinuous source, such as a hand or animal
35  driven pump or variable stream feed. Thus, a user could deposit a



relatively large anount of water for treatnment, and return at a later tine
to retrieve the treated water. The entry feed trough al so avoids the need

for grad 3¥y'si on:of rwater. For instance, the water cap d.by
bucketfu@ﬁgt her than slowly poured. This provides 5 consfgerag’ﬁmfess

strain on a user's back. The entry feed trough aids both in I!mtl.ng t he
turbidity of the feed water and. proviggng a rough check of its severity
(see below). The WV transmittance of inlet water determnes how well the
W light penetlatively large aihsthmﬁcﬁuﬂ&tethﬁtfwme\mtemd f&hﬁﬂ‘ataTétéF‘ﬁmettance lo
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This will be foll owed erlo alorreter to
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potentiaily compromising inactivation of pathogenes.
20 The extinction coefficient of pure distilled water for UV is 0.007
m-". In the present design, it is assumed the inlet water can have an
extinction coefficient of 0.3 cm-', which is as large as that of the
average water discharged from US waste-water treatment plants. In
laboratory experiments, it has been found that the inventive device can
25  disinfect water with turbidities produced by Kaolnite clay of up to 20
NTUs.
Because the inventive device can provide safe water at
relatively high turbidity, for everyday use all that will be needed is a
crude check for the turbidity of the feed water. Ideally, there will be an
30 initial quantitative determination of feed water turbidity at the
installation of the device. This will be followed by periodic back-up
testing with a nephalometer to determine a baseline turbidity and'
provide for periodic monitoring, such as when the lamp is serviced.
The entry feed trough provides an opportunity for an everyday,
35 rough check on feed water turbidity. A small visual pattern can be



provi ded, such as a square with black and white bars, at the end of the
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the inlet chamber. This pipe assembly will typically be of standard PVC
20  screw together piping, allowing simple disassembly for periodic
cleaning or to remove obstructions.

The feed water is delivered into the inlet chamber from the inlet
port through an inlet manifold. The inlet manifold typically takes the
form of an inverted T, with holes at the lower edge providing even fluid

25  pressure throughout the inlet chamber.

The inlet port of the inventive UV disinfector is provided uphill
from and at the end of the device opposite to the outlet pori. The inlet
port is typically located at the top of the device. The inlet port delivers
feed water into the inlet chamber through the inlet manifold prior to

30 water's entry into the treatment chamber. The feed water traverse the
port passively by gravitation weight, which dictates the rate of flow into
the inlet chamber and the water pressure in that portion of the device.

To maintain the quality of disinfection, it is important that the
feed water entering the inlet port is as free of inert material as possible.

35  If sticks, pebbles, leaves, and the like enter the inlet port, they would



ntially conprom se the effectiveness of the disinfection process. To
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being washed directly into the inlet port. It also avoids some eddying
20  and current problems which can occur with splash-back. Because the
silt settles on the bottom of the.trough, there is less turbidity in the feed
water, and probiems with baffle clogs and sediment on the internal
portions of the disinfection device are minimized.
The diameter of the inlet port is dictated by the design
25  consideration that the maximum height of the column of water (about
10 cm above the top horizontal surface of the cover} in the inlet trough
or other entry produces a flow of 15 liters/minute into the inlet port. A
different (e.g. smaller) value of the diameter of the inlet port could be
provided which would allow a correspondingly different (e.g. larger)
30 height for the inlet trough walls. These values would need to be
calculated so as to produce the necessary flow rate usefut in the
present invention. The parameters which would produce these
alternative designs will be obvious to the ordinary skilled artisan

familiar with calculating pressure drop during fluid flows through pipes
35 and orifices



Because the water pressure is necessary to provide the correct treatnent
of the feed water within the treatnent chanber, the level of the water
above the MA®WO¥rt is inportant. Being solely gravity driveftTU$83§380w
rate will be dependent on this height and its corresponding 5 pressure.
Providing an entry feed trough whose capacity can not reach nore than ten
centineters above the inlet port [or ot het3 hei ghts as described above]
provi des a natural ans of limti n%t he pressure of the water which is
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which the community could be supplied.
20 The use of a feed trough attached to the inlet port can also help
avoid incorrect pressure in the device. In many communities in which
the device is in continues use, feed water can be deposited by the
immediate user into the feed trough for eventual processing, but a like
amount of treated water immediately retrieved from the community
25 reservoir of treated water. Thus, providing a reasonable size of
reservoir for treated water may avert the user's temptation to force an
inappropriate rate of feed water into the device, while providing
"instantaneous” treatment.
In some uses of the inventive disinfection device, the feed water
30  will be introduced into the inlet chamber from below by a hand pump.
The device can directly form the spigot section of the pump. In this
case, the water enters the device from below and its rate will be
determined by the hand pump design and pumping effort applied. In
this embodiment of the invention the inlet manifold can be much larger

35  without any detrimental performance. However, it cannot be much
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distribution tube. These factors control the force and flow of water entry
20  into the treatment chamber. This constant pressure is necessary so
that the baffle wall described below can effectively laminarize the flow
of feed water through the treatment chamber.
The water enters the inlet chamber through a distribution tube
portion of the inlet manifold, at its distal end, which runs parallel to the
25 Dbaffle wall. The distribution tube is fed from a vertical inlet tube portion
of the inlet manifold, and extends from this tube horizontally on either
side in an inverted T configuration. The distribution tube is typically
submerged near the bottom of the inlet chamber, and is provided with
exit holes. These holes can be directed at the back of the inlet
30 chamber or at the baffle wall without ill effect. In one embodiment, the
distribution tube is attached to the baffle wall. While some shadowing
of the laminarization occurs in this configuration, the feed water is still
effectively treated and eddying and varying pressure in the outlet
chamber is minimized.

35 When a wide disinfection device is provided, such as when
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chamber and restrict the water flow to maintain the optimal level of

20  waterin the treatment chamber. These functions of the baffle wall

provide an optimal flow rate and quality during the treatment process.

In prior art technology, the use of baffles often introduced safety
problems because they produced a UV light shadowing effect during
treatment. This phenomena left certain portions of the feed water

25  under treated, and brought the safety of the product into question. This
design problem has been eliminated in the present invention by
locating the baffle wall outside of the treating chamber, so that
shadowing problems are eliminated entirely.

Because of the consistent laminarized flow of water produced

30 by the baffle wall, the production of eddies or other irregularities of feed
water flow is limited or eliminated all together. This function of the
baffles is critical to providing treatment at a low cost, dramatically
minimizing the level of UV light production required to provide safe
drinking water. On the other hand, in prior art technology multiple

35  baffles within the treatment chamber produce eddies causing an



undesirable w de distribution of UV dose to the water being treated. The
spacing and diameter of the holes in the inlet baffle wall are designed to

re-l1am 458%55({]; flow fromthe inlet port and manifold |ntg;%.”6§3 1%%“ )

treat nen ray. If the total area of the holes is changed |gn|f|cant'ly,
It would interfere with the flow pattern necessary for appropriate
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clogging wou d compromise the laminar flow provided and put at risk

the effectiveness of the water treatment. An ordinary skilled artisan will

20 be well equipped to balance these factors when providing different
embodiments of the present invention.
A reflective wall is provided just downstream of the baffle wall.
The reflective wall extends from the roof of the treatment chamber to
just below the top of the baffle wall typically a flat sheet directly
25 abutting the end of the curved top reflector. This reflective wall serves

to avoid surface perturbation of the feed water flow into the treatment

chamber, as well as skims off any floating debris that may enter the

inlet chamber.

Treatment Chamber The treatment chamber provides the
30 regulated flow of feed water beneath the treating UV lamp in order to
produce biologically decontaminated water. The chamber has several
features to assure that this critical flow of water is achieved. The baffle
wall, in concert with the maintenance of steady water pressure
throughout the inlet chamber, provides for consistent laminar flow of
35 the feed water in and through the treatment chamber. The reflective
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laminarized flow at a steady state and pressure. While slowing or
20 stoppage of flow from any one of these hole would change the
dynamics of the flow to a certain d.egree, the system can tolerate a
certain percentage of compromised flow without effecting water quality
due to the reorienting effects of adjacent laminarized flow streams.
Periodic maintenance and cleaning of the inventive UV disinfectors will
25 assure the quality of the disinfection. Usage and feed water quality will
dictate the period between maintenance visits. In unusual
circumstance where biocontaminates of are particularly severe, user
testing can be done between standard maintenance visits. A simple
test to observe occlusion of the perforations is typically done with a
30 food color aliquate, as described in the "observation window" section
below. Increasing the flow rate by tipping the disinfector well above the
correct treatment level -can serve to clear the occlusion.
Angled walls in the treatment chamber serve to generally focus
and direct the laminarized flow. Additionally, by effectively positioning
35 all water within a specific distance from the lamp, the predictable



treatnment of all water by a specific dosage of UV light is assured,
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nearly homogeneous exposure of the feed water at the most minimal

20  possible cost. The depth of the water is greatest nearest the lamp, and
is gradually tapered to a shallower level at greater distances from the
lamp. This ensures a very narrow and efficient distribution of UV
exposure through the volume of water because the extinction of UV
light is considerably less in shallow water.

25 Additionally, water adjacent to the walls of the device and near
its bottom surface will flow at a slower rate due to the effect of friction.
This phenomenon provides a longer residence time in the treatment
chamber for those portions of the feed water most distant and most
shielded by other water from the UV lamp. In this way, the innovative

30  design of the invention normalized the difference in UV water exposure
in different sections of the treatment chamber to create a narrow and
effective system to disinfect water with UV light.

One potential problem with any UV disinfection system is that

feed water may somehow be forced through the system at a rate

35 greater than that at which it can effectively treated. This is less of a



problemin the present systemconpared to others, as the certitude of
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20 One embodiment of the present invention can treat a maximum
throughput of 15 liters per minute. If a larger flow is forced into the inlet
port, the excess water overflows the treatment chamber tray walls or
exits through evacuation cutouts on the tray walls. This excess water
flow is then directed out of the device from the bottom slots in the

25 device. These slots are specifically provided so that the excess water

- does not flood the internal workings of the device, exit untreated from
the outlet spout, or cause electrical shorts.

UV Lamp and Electrical Source The innovative design of the
present invention allows the use of a standard, low cost UV lamp. The
30 lamp is positioned above the flow of water at a specific height above
the floor of the treatment tray. This innovative positioning eliminates
the need for expensive quartz or Teflon sleeves, and means for
cieaning them, currently required by UV disinfection devices. The
specific height above the floor of the treatment tray is critical to
35  appropriate radiometric dosage of the feed water.



Because of its sinplicity, and several innovative safety features, the
present [ ny | can be powered fromvirtually any electrip e. For
instance,"1n Isol‘ated areas, only a small photovoltaic pane%thsgﬁfjéhg
required to run the |nventive device. Small hydroelectric 5 devices or w nd
turbi ne-generators can al so provide suffgcient power to run the inventive
di sinfector device. Wen the device is powered from irregular, rural main
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he battery can be recharged when the main source ofelec%ncny is
avallable. This approach would allow processing at night if the battery

20 is used as a storage unit for electricity produced by photovoltaic arrays,
irregular water-wheel power, or other sources which suffer from power-
outages.

A splash proof On/Off switch is idea’ for use in the present
invention. Many companies make such gasketted switches, such a

25  Mulberry. The 30480 Mulberry switch comes with a switch, gasket and
splash-proof cover.

Any use of electricity in association with flowing water presents
the potential for electric shock to the user. In order to avoid this
problem, the circuitry of the present device is with a Ground Fault

30  Circuit Interrupt. This is provided at the power source of the unit, and is
particularly important when 120 VAC or 230 VAC supply is used.
Whenever the system is shorted, there is an immediate disconnect of
the power. A 2 amp fuse is also provided between the On/Off switch
and the ballast.

35 A simple grounding wire avoids the potential for shocks. Any



el ectrical leak to the body of the inventive device thus gets grounded,

and cannot“gﬂﬂg% an el ectrical shock to a person touching the device. The
power cond shotld° be protected fromchaffing at the metal edf&A¥SI743Rs —
entry hole where it enters the base. Use of a rubber gasket at the 5 entry
hol e for the power cord is one neans of &qeventing this problem
Additionally, a knot is tied in the powerr'cord or with the three strands of

th dj inside the entry hold. Thig knot t hani cal
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‘naked eye, etc. The present ‘invention is so providel here is any
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systemelim n\gﬁ{eesbtgwg ‘r%f)}scﬁ]qgé sy%%%é;éﬁ%%glrag'gﬁrgégﬁsgégl. e%gl exposure to
the UV |ight. DEeahanidal pull\amiheutgiss eqrd frame heing Hapsmittediéo B8nponent with

the shortest bjdctricdAPtontadds @idé @@ uhit. one enbodi nent of the invention has
8000 burni_ng hours. en the l.a oes out, or there is any malfunction
that interf%®res Wtﬁva\’tv}ﬁ'é( 'F’Eﬁlﬁ 'BEB?g‘?‘?%rlﬁnqq?@%g%ﬁ‘rst%@a?lecgﬁéb?vé’ @MNs st at us
I mredi at el y t hapaifiStedhes SOAE TVO R mtenvé 1L igRSndidecthiehatlt CALMONEReNndi ng
on the daily hOU{S of use ﬁ%fla{? can egcj recﬁ)l aced routinely once a year
if it is used BR'QDEP 4G Wi HeLFIscanneEling ROWe R PRlYery 2 vears for
units used an aver agesafetyl Gomsidesaton idany Use opUMdaalps wethate is a circuit
that sw tches > e 1S to the
niet and sw t SREICUTEEEY Eds pitentRaiERodE e foadSHER ST
entering tlHe i abservingh witlsiheemaked eye, etof Thatpsesent inventiviscgo i s only
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i nspection of BRUNGHE BARPHILS SOYEING, he elestrical pousitadhne lamptshuthsur e
smoot h oper ati gff. YRartrdAAHeeht chAmber3NnidR0BR/sY8RE eliihaie8thd k8o 22
systems operators of accidental exposure to the UV light.
20 In the inventive device, the UV lamp is the component with the
shortest life. One typical lamp in one embodiment of the invention has
8000 burning hours. When the lamp goes out, or there is any
malfunction that interferes with the lamp operation, the users can
observe this status immediately through the safe viewing window
25 described below. Depending on the daily hours of use, the lamp can be
replaced routinely once a year if it is used an average of 20 hours a
day, or once every 2 years for units used an average of 10 hours a
day. An optional feature is a circuit that switches on the germicidal UV
lamp when water is introduced to the inlet and switches it off three
30 minutes after water is no longer entering the inlet (the residence time
of water in the device is only about 12 seconds). This can save
electricity and also substantially prolong the life of the electronics and
the UV lamp.
Routine cleaning and inspection of the lamp should occur every
35 six months just to ensure smooth operation year round. The lamp



woul d then nornmally be replaced during alternate or every forth cleaning
and inspection runs. In sone communities, this will happen when a

mai nt enang@p‘r comes:through the village on a periodi C pceR9433s
Lam nari zation testing with a food-color aliquate and turbidity 5 sanple

collection would normally occur at the sane tinme. The electronic ballast is
t he ot her conponent of the inventive dgwice with alimted life span. It
typically is rated at 20,000 burning hours. Typical comrercial ballasts
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the local |anguage NOTE: The unit Lin ess bl .ue gl ow shows
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through the RVRAEAN W@H@b@afﬁ’é?@d’%‘r'%@ﬁd’@ﬂ%@éﬁ?f&f BidecEysSaliaghen sone
users gy benpl MitRNat£2-jthg2pnventive feature of a view w ndow provides a

qui ck check 25 to directly observe if the UV source is on, or if it is
being in some way M@&%ﬁ he safaty yiew yvindew Upwsithe difgct t s surface. It
i s inportant ﬁb@é‘ftvattleﬁ df'tlgé‘U\bﬁ*?thhgcdiﬁénﬁﬁnetlﬁefuhbﬂgntﬁt%atéd inthedf water is

taken from evice to establish e bul has not fan out .

However, the frpnbﬁtatﬁ9&8\%@5%&8&%@%5@'%%? HYJB@@W)}S Eﬂﬁ'qen% ?)rocesm ng,
even in 30 si maaéh@mpaqa&toauvlwgmrmlmag&heher@uw@éwamw eetheThis is
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o Ss"E e e Al A Sl bR Y L
t WO 9& 053670PCF ligstwhisbeing 8ssentially opaque to ill effec s to the viewer. It
is attached to the inside surface of the housing by four screws. Near
20 the view window should be the following label in the local language
"“NOTE: The unit is not working unless blue glow shows through the
window". One can also provide international symbols when some users
may be illiterate.
The inventive feature of a view window provides a quick check
25 to directly observe if the UV source is on, or if it is being in some way
compromised, such as by big-deposits on its surface. It is important
that the light be checked at the time that a run of water is taken from
the device to establish that the bulb has not blown out. However, the
light need not be observed continuousty during processing, even in
30 situations with a discontinuous electrical source. This is because a
fail-safe stop-cock on a solenoid circuit is provided as above which will
block the flow of water into the device whenever there is a break in the
power supply. Use of a car battery as a source provides an extra
measure of certitude of availability in this regard, because the time of
35 use of the device need not be correlated in any way with the time of



availability of grid electricity to charge the battery. The view w ndow
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ray, both to provide for structural stability, and to provide one last
20 settling area prior to the distribution of treated water. A drainage plug

can be provided to clear this area without resort to disassembly of the

unit.

The treated water is delivered through a spigot to the user, or

can be channeled into a storage tank, as provided below. Because the
25 system disinfects approximately 30 liters of water a minute, a very

reasonable flow of water is provided by the device. By comparison, this

rate exceeds the flow from a typical U.S. bathtub faucet or common

garden hose.

Safe Water Holding Tank As described above, having a holding

30 tank of sufficient volume, and a large feed trough, can provide the user
with "instant" processing. If there is a community holding tank, after an
initial start up introduction of feed water, each new user takes from the
holding tank the amount of feed water they introduce, allowing the feed
water to run in its own time. Such a holding tank would of necessity

35 have to be protected against introduction of contaminates. Ideally, the



safe water hol ding tank woul d be a sealed tank with a spigot outlet in
order to provide for this quality. Typically, narrow necked vessels are

used to ﬁgpg{;&rﬁ; the*safe water product of the present i %%9%]3%&8 hones

for hous use. 5 Narrow necked vessels, ideally wth st

hel p assure that the safe water does not get contam nated from any

contam nated hands or pots dipped intopigt. Narrow necked vessels also help
guard agai nst loss of water during transport due to splashing.
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typically sealed with a sil epoxy seal ant. Joints exposed to UV |ight
can be additi BY¥aNe WseEip Eé”?@or\fm“ﬂfh“@tt%r hprgsespecally wits iy 8" glderly t he
possi bility ofjggtd.i con -epoxy breakdown due to UV exposure. Wiere air-born

contam nates are a probl en}n t he housing can be fitted with a sinple air
filter. This all omé’rﬁm@tﬂ-g e&%&ﬂgapfm? Rresgnt inygatien adlﬁws@@tménm to avoid

foggi ng or bi QS m ai r bor ne
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i
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with water, and which face on the interior of the treatment chamber are
preferably of polished or buffed aluminum, as the reflective nature of
20 the aluminum increases the exposure of the water to UV.

By providing folded metal for much of the unit, welding joints are
minimized, providing for limited problems of leakage. When joints have
contact with the water stream, they are typically sealed with a silicon
epoxy sealant. Joints exposed to UV light can be additionally sealed

25  with stainless steel tape to avoid the possibility of silicon -epoxy
breakdown due to UV exposure.

Where air-born contaminates are a problem, the housing can be
fitted with a simple air filter. This allows regular circulation of air about
the UV lamp to avoid fogging or biomass buildup, without risking

30 contamination from airborne particles. However, the working
temperature of the lamp typically avoids such complications. Problems
of introduction of pathogenic spores or general dust causing turbidity
problems or fouling would be minimized by minimizing air circulation
through the unit.

35 The housing consists of the cover unit which, when fit into the



base, fully encloses the core assenbly. The base frane is constrgct ed of
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unit as a whole. \Were there are joints iggcritical areas, the unit shoul d
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35 It is gener Hlﬁtv”h?ré@gﬁé{ﬂrﬁ SOR4Y djpﬁéJ“éFEQ/?B%ml'%‘ kept sone hei ght WO
98/ 05367 PCT/ US97/ 136 Marsh clidtes, a simple housing such as a lean-to will help

prolong the life of the device, and limit the introduction of particulate
20 and other materials (including pathogens and insects) into either the

feed water or the pure water product. This will limit the amount of

maintenance required to keep the interior of the device free of

deposits. As explained previously, the device can be housed

separately from the entry feed trough as well as from the pure water
25 holding tank.

When housing is not desired or is impractical, it can be usefu! to
situate the device near some protection from the elements, such as
under a tree, near a bluff, in the shade of a home, etc. A corrugated
aluminum sheet, or other roofing can be used to shelter the device. If

30 the device is located near a well, it is likely there is a preexisting
shelter that can commonly protect both the well and the device. In
more affluent communities, individual devices can be located directly in
the home. This provides maximum protection for the device, and limits
potential post-treatment introduced contaminants.

35 It is generally preferable that the device be kept some height



above the ground. This positioning wll avoid a high concentration of dust
and debris that is regularly nade airborne directly above the ground. Such
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ti pping the deyl igher at the inlet end purposely positioning the WO
98/ 05367 PCTI f‘?éé@?%g@gs 27
The device needs to be kept level during water treatment to

allow appropriate treatment of the feed water. Typically, the device will
20 be positioned on a cement slab, or rock surface. Additional leveling
can be accomplished with shims. This placement limits the potential for
vibration during treatment which could potentially compromise the
laminar flow. in one embodiment of the invention, leveling legs are
provided on the housing which allows alignment of the device to the
25 horizontal using leveling screws.

In order to assure leveling, two bubble levels are provided which
are permanently attached on the exterior of the housing. One of these
will be situated in the line of pitch, while the other is in the line of yaw.
When the device is so positioned that the bubbles in each level fall

30 within the level lines, the device is positioned for optimal function.
These levels will need to be checked periodically to assure that
settling, jarring, or other activities have not caused the device to go off
level.

The flow rate of water during periodic flushing can be increased

35 Dby tipping the device higher at the inlet end purposely positioning the



device off level. By exceeding the treatnent flow rate, edgyi ng, dba;:ﬁflow,
and i ncreased &eed current will stir up sedinents deposite I nsi de e
devi ce. The¥@ ™37 hem flushed out of the systemprior to itsPCHERHH3528 —
returned to service. The device can be tipped in the reverse 5 direction to
di sl odge bi omass occl usion of baffel wall rforations. There are a nunber
of advantages that accrue fromthe portability of the present invention.
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to the place of use
Other Applications The embodiment of the present invention

20  typified in the figures and in Example 1 is directed to providing
high-quality drinking water to people in rural areas and developing
nations. However, the elegantly simple inventive disinfection device
can be effectively and often uniquely used in many diverse
applications.

25 There are important medical applications for the -present
invention. In developing nations, a reliable source of sterile water is
typically not available to clinics and pharmacies. However, there is a
need for safe water for such purposes as washing the clinicians’
hands, irrigating and cleaning wounds, mixing pharmaceutical

30 preparations, etc. In such uses as wound irrigation and pharmaceutical
preparation, residence time may be slowed or water provided with
multiple treatment in order to assure near sterility of the water. Small,
narrow necked vials for storage and transport of the water are
preferable.

35 Effluent from in-field sanitary devises needs to be treated before



being reintroduced into the environnment in order to avoid contam nation of
the surface or ground water with coliformor other bacteria. This water is

conpar abl’e t gray water® which is produced by waste g
pl ant s. P&ggysrral |, infield units, the 5 effluent appr oachesﬁmég%3

gal | ons a day. This effluent, when treatnment is adjusted for extinction
coefficient, can easily be treated by thg present device to provide for
safe return into the environment. Intensive fish culture is developing into
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the presers i effurert@pprdacheéssed gatiensiavdaye Theueflubet, when freatmertas |
diverted stre u I I ture
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consi der ably i ncr eqaeaoEn Liturblie db98fobiq @'y Vel bl uld al l ow
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about an 80% reduction I n bac erital leve d likely
provi de an op&grgHiturecas puer fisling cecreasasenajueal fi fsh@m%sr)@ cdtwing as many

bacteri a o4 osgl,¢h 'fi'%hté’ses&mfﬁ edreli8d &htrfudusTRw oﬁwarérﬁhr&rgh% enater woul d

be imedi ately returned he original  culture water si nfection of

bi ohazar dous iSFRaPl! 'PW”?Q @6’ %rr'mqir EnEWMM copbiphousk Flaveyarnthise i nventi ve
device. For igshaAG8us Wateﬁﬂ&wféamuirﬁng cbocplarsd efiegiativrgprodabisieanof serum

e PO B AR e e BF BEb BB RSt of Lhese waste
virulent. The i nver‘ilfhe/eoﬁtmutﬂw frm/vv;esuclefr’shewtu@ yystemtisrprbiides a hi s ri sk.
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rather than eliminate, the bacterial growth, the flow rate for the device
would be considerably increased. That is, the fastest flow rate which
20  would allow about an 80% reduction in bacterial levels in the feed
water would likely provide an optimal treatment approach. The goal
would be to kill as many bacteria grossly in the shortest period of time,
as the "pure” water would be immediately returned to the original
culture water.
25 Disinfection of biohazardous liquids is also efficiently
accomplished with the inventive device. For instance, it is difficult to
disinfect high volumes of serum used in producing vaccines to
dangerous pathogens. Many of these waste products contain viral
contaminates which are potentially extremely virulent. The inventive
30 device very effectively neutralizes this risk.
Drain pans in large cooling devices, such as cooling towers or
large scale air conditioning systems, are susceptible to development of
pathogens and their wide-scaled dissemination. The legionnaires
disease problem is a case in point, where this deadly disease was
35 spread through an air conditioning system in a hotel: There are



probl ens with devel opnment of bi omasses on cooling tower devices used in
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rate naké§”99¥Qﬁ“Vdeal sol utiton to such chal | enges. Anot her ﬁg&ﬂﬁﬁﬁgﬁ ?ed
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20 treatment is never exceeded.
The inlet port 11 (about 1 1/2 cm in diameter) typically protrudes

into the inlet trough 3 through the inlet trough floor 9. An inlet port lip
13 extends upwards of the inlet trough floor 9, typically by 2 to 3 cms.
When the feed water 5 is carrying insoluble particulates, some portion

25 of these materials will naturally settle on the inlet trough floor 9 as inlet
trough sediments 15. When the feed water 5 is washed into the inlet
trough 3, such inlet trough sediments 15. can remix with the feed water
S, potentially compromising the UV treatment of the feed water S, and
some portion deposit within the UV disinfector 1, which can limit the

30 reflectivity of internal surfaces. The provision of inlet port lip 13
mitigates against this possibility. Between treatment sessions, inlet
trough sediments 1S can be cleaned or wiped from the inlet trough
floor 8. The inlet trough floor 9 is optionally provided with an inlet
trough drain 17 which is plugged during treatment sessions, but can be

35 opened to expedite cleaning of the inlet trough 3 by allowing a



[ [ . The inlet port 11
30 wash-though of accunulated inlet trough sediments 15
Is further provided with an inlet port screen 1|9I |n.tEe fo(rjm 1(:)f gsboé’r
whi ch ex rger‘particulates, such as small sticks and ston r.
f1 oat i ngq‘lll(ggé\?gssskaf romentering inlet port 11 and potenti al | REEU3A3328 i si ng
the efficacy of the W disinfector 1. The inlet port screen 19 also serves
as a deterrent to an inpatient user attegpting to force water at an
i nappropriate rate by attaching a force punp to inlet port 11. The feed
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which will stpp the flow of feed water 5 in to the UV 20 disinfector 1 if

. L he
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inlerete mani f ol dpglgfee%?@&@éwﬁ@mf@ thel LY disiafestor 1 Btoughehe Mgt chanber
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The' OV disi it IoUBE 8 656 rowded imers iwetieedsabe 23 is a solenoid
t he UV disinf (o]
shut off valve 29 which will stop the flow of feed water 5 in to the UV
20  disinfector 1 if there is a stoppage of power to the UV disinfector 1.
The bulk of the inlet manifold 21 is situated in the inlet chamber
31. The inlet chamber 31 is defined by the main tray inlet wall 33
(about 30 cm by 8 cm), the main tray floor 35, and the baffle wall 37
(about 20 cm by 8 cm). There is about a 7 cm separation between the
25 main tray inlet wall and the baffle wall 37. The inlet feed tube 23
typically abuts the baffle wall 37
The inlet distribution tube 25 typically rests directly on the
beveled sides of main tray floor 35, providing for considerable stability.
Additionally, the inlet distribution tube 25 is typically attached to the
30  baffle wall 37 by ring attachments 39. The distribution tube 25 is
provided with distribution tube holes 41, which provide a flow-through
of feed water 5 into inlet chamber 31. The size and positioning of the
distribution tube holes 41 provide that the pressure of the feed water 5
in the inlet chamber 31 is relatively constant.

35 Regulation of water pressure entering the UV disinfector 1 is



31 provided by having a water columm of a specific height in the inlet
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which are oused behind it.

20 The inlet splash plate 45 is positioned parallel to the end of the
outer casing inlet end 46 which is formed where outer casing base 43
extends upwards at the inlet end of UV disinfector 1. The outer casing
inlet end 46 is fitted with fuse 42 and switch 44.

Treatment chamber 47 is defined by baffle wall 37, main tray

25 floor 35, outlet baffle dam 49 (about 30 cm by 4 cm), and curved top
reflector 51 (42 cm circumferentially, 30 cm diameter by 42 cm) the
later two being spaced longitudinally about 4 cm apart. The curved top
reflector 51 houses the UV lamp 53 which is seated in socket 54.
Socket 54, in turn, is attached to the curved top reflector 51 by socket

30 attachment bolts 52. Thus, the curved top reflector 51 supports and
suspends the UV lamp 53 above the treatment chamber 47.
Additionally, the end reflector 55 is fitted with a UV lamp support clip
56 which supports the UV lamp 53 at the end closest to the inlet
chamber 31. The central axis of UV lamp 53 is positioned 8 cm above

35 the main tray floor 35 and 7 cm below the curved top reflector 51.



32 Power source and shut off relay 57 provides the power to UV |anmp 53
through lanmp circuit 59 and the ballast, not shown in this view The power
source add shut off relay 57 s addltlonally connected to the solenoid
shut of f VEPI#0367¢ hr ough sol enoid wire 62. 5 At the inlet eRETBISIVHS8 —
device, the curved top reflector 51 is abutted by end reflector 55 which
Is about 30 cmby 13 cm The end -refleg or 55 extends downwards past the
top of and parallel to baffle wall 37,°®th its | ower edge typically
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47, and then Wﬁg@§ t?U%'PVﬁWtqd@P typically rerting belowdiasudace ofthecert, these
various feat ueed Wwateritethiat @p@smra ﬂh@m@ﬂrthélre@tﬁwﬂ%hbh%ert@ ﬁrﬁ#é wat er 5

i at 1 oAfands @ 8P Hpou 2 R R 25 e s 1, 0"
outl et box 65wak@.ves the treated water 67 as i t cascades over the outl et
a1 43 eht o SRy (AR ARERY e Sl RALES oi% 51 o
cm and above 43eThemeaindmyi ffopridsis agyled e dB@cbtind lamibar 6w 63 opthevi ded
Ureatod wat er o6 pishS WA Fpdudih b LARE Bl 37NN OF e
outer cagdidSng shewnandedesaribedria later IﬂgurEthyﬁ@onstanfom/aluw thieténds vi ew
w ndow 71 aboyf the mafifra (SbedRIVES in t-Fhé fighe %ﬁd@ﬂﬁl@éhé’eﬂ@’trﬁéfe‘?l whi ch
wll protect a u%ler t\éltrSctur stt e:lltonand i ?atl o to e W?ngg/c(i) 367
PCTI US97/ 13528xcellen ability minimal joints are ac e
The curvature of curved top reflector 51 recaptures otherwise
lost UV light from the top of UV lamp 53, directing it back to the laminar
20 flow 63. The feed water 5 traverses the treatment chamber 47, and
then cascades over outlet baffle weir 49. Working in concert, these
various features of the treatment chamber 47 provide that the feed
water 5 directed in the laminar flow 63 typically receive a similar
dosage of UV radiation-wherever it is positioned in the treatment
25 chamber47.
The outlet box 65 receives the treated water 67 as it cascades
over the outlet baffle 49 which is about 5.5 cm from the back wall of
outlet box 65. The base of the outlet box 65 slips beneath the main
tray floor 35 by about 7 cm and above the outer casing base 43. The
30 outlet box 65 is provided with an outlet port 69 (about 2.5 cm in
diameter) through which the treated water 67 flows out of the UV
disinfector 1.
The end wall of the outer casing lid 27 next to the outlet box 65
is provided with a view window 71 about 5.5 cm in diameter. This is
35 made of a material which will protect a user viewing the on-off status of



33 the W lanp 53 fromeye damage. It is secured to the outlet casing lid
wth four screws. Figure 2 is a three dinensional view of, fromtop to
bottom th&OB@7 casing |id 27 (about 20 x 35 x 69 cm) Wit lpcapisaTizswvel
84, main 5 tray unit 73 (about 18 x 30 x 61 cn), and outer casing base 43
(about 18 x 34 x 66 cn). The viewin Figure 2 shows how the UV disinfector
| is assenbled and di sassenbl ed for proddction, cleaning and maintenance.
That is, after assembly, main tray unit 73 is set within outer casing
base 43, outletf‘egrﬂytI frRg pyadamags- dh@tﬁ%@uﬁﬁd@fhﬁ oatleticasing4idi ng base
43, not shown wnmtcburssdreg,gre The | ower surface of main tray unit 73, that
Is main tray floor 5, ‘%érectl on the outer casing base 43. In this
t hree di mensi onal Vi gwre giregngionahwenngk fiom éop tovbattemtieet or 1

betcomé ][mr e appaeeoasinghid Ir‘h(aibdutéBO kesek Sgodfﬁ y With s%%tﬁé@c?‘iht thJ. ¥ 61 tcm)
exten ro ou c o the main tra
verti cal BPa,gBI'('négéiu@égu &r&?‘%ﬁ c@f 'h%”d&’ Qfé??st"?fb A8e isctaboutl g
$>7<t gnd; gnd ovw k Bdsx SBe:m)JtT&edgewunﬂ%lgere)ﬂ shbevs Hew hé Wd}é@rgfebf‘cgfll wal I's
cm ed. i ace I QV consi der abl e

stru)étural sta%/% grdbtl%é %QErfJ %?Séﬁ?rﬁ F{ﬁ?@prdﬁ’rl OQOC'd@ QJEF' tion also allow
any condensat mamt&bmarhc&)d'dm’css tmfterdalh assembhg rhaip troy bﬁﬁﬂgr,sébtm,,put er
casing lid 27 &Lﬁeﬁéé‘énﬂg%‘%% 35 te%ogteé@ﬁg ntlgggaqﬁ O' ding any

probl enms with contam nation E'c!;‘t‘clontothe
user who Wl | %G%@%nglb@seﬁﬁ)fﬁot shommigp mlsnﬁgmﬂeeThaslewéilsul'faQagiﬁ drain

ports 85 of thgapr&LnAT73 l’t’rﬁéta@?nzﬂhQPéffﬂ&or?@ BER) Jj'*lré)&)}én ﬁ%%% typical I'y

fitted with the screen tg avol verm n, rIarrp 53
i s suspended iGRsig baseddp refl ector 51 by a Ww Iarrp support clip 56 (not

seen in this figurgh tatgtme@@ (p?ta«ﬂ, and by
t he socket 54%1‘&66 s . at cﬁgg@?%aﬁﬁﬁ%gg ('i:]ﬁérr&/ve ré%ﬁhggﬁgrﬁg% by the

socket attach e[c§0r5 eﬁ’?”@r"“&f'@ ap&a'éﬁpttzTBPé'é%'é‘ tbﬁ)bb@t@@dswallﬁr W | anmp
53 are eli®i nghbdui 11 X6t proextEnd Hoa Bie :b@wua? flobe 39\(aba[rp1é%

the UV | anp 5% bl I et fiavorkefiedlwbor tiehe it g é@ﬂ%b?ﬁhsegnbﬁgsgfe
devel ops at i tcwneed tomeeflecss Boehtarts &ad bueraps thbsetside safgoe beat s and
the heavy W V¥ha&tApd8dicB WA By32 % cm, where it is bolted into place,
providing considerable structural stability to main tray unit 73. This
20  configuration also allow any condensation which occurs between
curved top reflector 51 and outer casing lid 27 to drain away from the
treatment chamber 47, avoiding any problems with contamination, and
if severe, providing an indication to the user who will observe the runoff
coming from the base 43 through drain ports 85 of the extent of this
25 problem. The drain ports 85 are typically fitted with the screen to avoid
the entry of vermin, etc.
The UV lamp 53 is suspended in curved top reflector 51 by a
UV lamp support clip 56 (not seen in this figure) attached to the end
reflector 55 at one end, and by the socket 54 which is attached to the
30  curved top reflector 51 by the socket attachment bolts 52. Prior art
quartz sleeve protectors for UV lamp 53 are eliminated in the present
design because the UV lamp 53 is carefully suspended above the flow
of the feed water 5, and also because the UV lamp 53 burns at a
sufficient temperature that condensation never develops at its surface.
35  Both the failure of moisture requirements and the heavy UV



34 bonbardnent avoids the problens of biomass buil dup which plagued prior
art configurations. The UV lanp 53 is powered by electrical ballast 79,
this powet being appropriatelty routed by term nal board 81. T/YJ ically, 5
condensatYQPBHE¢E| ops between outer casing |id 27 and the t¥fpr gﬂf‘f’?ﬁ?e*bf
curved top reflector 51 during the use of UV disinfector 1 due to the high:
humi dity which naturally occurs with increased tenperature in an encl osed
ar eahvvhi I(:h contains fluids. This cond23n4sation presents a possible threat
to the electrical ballgst 7 nd 10 term.nal .81 s well as their
connect i ng wP &%arﬁdﬂé‘?'ﬁf%’loéqgs &}?e%fé’ ez &f Pi'°<{8$g§§’§|'§‘é%@'?ﬁ‘ pi%egal have a
coveri ng of \maibe ot carifigusptiondet ween t hem and the curved top reflector 51

to defl ect droppi Is Y : op of
curved top reflec o E@QQW?%'Q@& er %fgggr%&@g?eb%%ta’%mgt é"%erxcess 15
condensat | on b#ing appfomriatelygoutediby temminablpoard hel ypi¢allye wal | 37 ri ses
fromthe i : el ; ' I vel ed walls 75
upwar ds t%rat %gh? %éségg'glag? é[(oﬁ?é mal Eatﬁlgépgg?lﬁgg'g{wmgwstﬁ_%'}ibﬁThe baffl e

wal | 37 ser véesrfasepgfsiurvesh tameeflecterd hdbdpg dhe gsgofildV gigntestorat nar r ow

di stribution ffe MHE0S8h MiHRWHEER nbiilRalhabESIrsRith intfed9eg not limt the
hei ght of feed water 57 The hei %ht of hh f eed, er it traverses the
W di si nfect demperaturg i gn@NAIYEaG AfedeY ng (i%a'ﬁ‘é%‘ﬁs-g‘fsh'ﬁhe mai n tray
vertical wall®n@ensetibf breddrits copsdsitlerthrédtno ugb eldcttital Bdlieist 7Bramegh
processi ng. The ultllmati regula or of .the feed water | eyel ﬁ\uring 25
processi hé i eliingl SeRFd Bf ofs Wellas, I%QOTH‘QC%PQ VWEF S ,l'eblﬁ{ﬁc $Cses only
to E_he {unclt ltﬁlégtfgl‘cat Heviges will qud»mb@c%mrh?g §5wamr¢m tapen tray
vertical walls . | napRr opr.i at ej e r whi ch m ght
potentially &%Wﬁeﬁ'ﬁtg‘%%af’ﬁ‘@?%ggp%ggtgr&oﬂlgqghogr5t1st%t%eﬁ({]é?cgg’l:r)?ép@gf ety )
features, w |doruensatisnasvay oo thed,@nd dewouvbe sldp of etinved thpi ght of the 30
main tray vergtj I 7 L D ' l 43 7 t he height of th
y gte'ﬂ%ﬁeor‘r@i 4r?stthréaoyutgﬁlb§g.ﬁ)g%l>ésw§twg\%#§ thdexcard the height of the

outl et box 65. | i s made ut one inch smaller that
t he out ell Scastongansadion3iraing feamndhe dAé idisdnfiectProlz, so there is considerable

room for overflow {Re8380PQ N MBrbRthe/Painit8y QBbEBS Hashdiagbase 43 is
provi ded with a pl acenent %

D7 ol ace,  HarOgReUTaBIhBaYHeR M LPYards 1R @Pusd SHEE Lso 7 13528
- main tray vertical walls 77. The baffle wall 37 serves to position the
feed water 5 so as to provide a narrow distribution of UV dose.
20 However, the baffel wall 37 does not limit the height of feed water 5.
The height of the feed water as it traverses the UV disinfector 1 is
absolutely limited to the height of the main tray vertical walls 75, which
are consistent throughout the flow-through processing.
The ultimate regulator of the feed water 5 level during
25  processing in UV disinfector 1 is outlet baffle weir 49, which rises only
to the juncture of the main tray beveled walls 75 and the main tray
vertical walls 77. Any inappropriate height of feed water S which might
potentially occur due to improper use or efforts to disable safety
features, will be passively avoided by the overall limited height of the
30 main tray vertical walls 77, main tray inlet wall 37, and the height of the
outlet box 65. The main tray unit 73 is made about one inch smaller
that the outer casing base 43 and outer casing lid 27, so there is
considerable room for overflow to escape the main tray 73. The outer
casing base 43 is provided with a placement lip 83 which serves to
35  hold outer casing lid 27 in place, but provides enough clearance to



35 allow fl ow of excess water out of the unit. In high humdity climates,
or where consistent overflow is expected, optional drain ports 85
protected DY MMOSEIscreen: can ‘be provided in outer casing baseedBusy78psasi L
| evel 84 is positioned next to view window 71. 5 Figure 3 provides a cross
sectional view of the . U/ disinfector 1__at the |level of the baffle-wall
37, showing its relation to the outer ca§5ng lid 27 and outer casing base
43. As shown, i n ra floor 35 rests directly on the outer casing
base 43. The rrari W{%XX/OE Suvainutel the e Iy Bigfy iemidibhelimatesand t her e
i s about a onewhmdacgaplsln@‘it\mwﬁﬂcmes éQpé@ﬂeG bb%néﬂ%r‘a‘nﬁéb 4s 77 and the
outer casing 'ngté[zt T e baffle wal enlé rovided wth baffle

wal | hol es 64 & )éwérr?ﬁq{ee'alcéﬁeqeepmvé casing Pasedd 2.0 cm
apart. These s&pud level 84isi positioreed hextftbomewfwmeled/ wat er 5 into treatnent

hanb 47 h : 0 how t he
Chtec man ford o1 1 iagted BoyideS Bitidss Sechirial vidw Bt ° L i nRigRiet "
shadowi ng of t Bbtheaeivehef thedwafle waledd, s/lmvengatscneﬂaam ;o tifet emterbab{n@ver se
n he
baffl e wall 37} Q‘?Eﬁrm)bufé?@é@ﬁgt 5’asé39§pf\9;§h§>9/r¥ Bfe n?%’br}f%ﬁ &?5 RSISE oo

treatment cha ,
water 5 in the §ﬁ%tbb%dh%98£€f casing gase 43. d 6\mal§15tray¢leoreie<‘swaﬂsc7|5al Vi ew

of the UV disi ﬂ'fe@pérférfrée stndi érﬂi’?ﬂer@fls %BSUPthn%t lnl&ﬂ‘;éaécpﬁbgﬁ?é he N S

vi ew nakes clear .t out e upper

he e
level of tife nHIAPN f@é(we%a)éfv% i@a?f‘g “79 00&%%%1@@ "Pl%?f The baffle wakr end of
the main tray 3véstiealy pmaMH%dWlth Béfﬂ@ @anﬂofedoe%'b@@?oas ghl ed view of

inlet mani fold,21, .inclu tube 23 and_inlet distribution
tube 25. DistrfBHRFEH 9 gp%qﬁdegverﬁx az’ioé’tgi(éﬁm gradehhese sBNE ta ew.
Typically, t helyanvmiahz@meiﬂowcdflfégd tWef banto eéathient! @RimMMBE 7 a3 towards the

main tray inle | in Fig. 1. 30 Figure 6 provides a
schemati c vi evéo%erm %%‘gﬁg 81 which regulates the flow of power to

el ectroni @5bal | ast }Agscamdzlgarqﬁ%shandughtrs@ckettmEﬁufon fisiagtadrednd
source. Fi giwe‘bi%fﬁév. e3P P SIS sohd SRadoh SR Bat fivieck s
of the turbi difegdovatend dierdiviaitasit averserhaffie walludjh, ut netrenotidhetouser 4 4
1 compromise the laminar flow in the treatment chamber 47, as the flow
is strong enough to reorient the feed water 5 in the shadowed area.
20 Figure 4 provides a cross sectional view of the UV disinfector 1
at the level of the outlet baffle dam 49. This view makes clear that the
outlet baffle dam 49 only reaches to the upper level of the main tray
beveled walls 75, and ends just at the lower end of the main tray
vertical walls 77.
25 Figure 5 provides a detailed view of inlet manifold 21, including
inlet feed tube 23 and inlet distribution tube 25. Distribution tube holes
41 are clearly seen in this view. Typically, they will be directing the flow
of the feed water 5 towards the main tray inlet wall 33 as shown in
Fig. 1.
30 Figure 6 provides a schematic view of terminal board 81 which
regulates the flow of power to electronic ballast 79 and lamp 53
through socket 54. The fuse 42 and waterproof switch 44 are also
~ shown in their connection to the power source.
Figure 7 provides one approach to making a quick, rough check
35  of the turbidity of the feed water S in inlet trough 3. Here, the user



WD 98/ 05367 PCT/ US97/13528 36 | ooks over the top of the inlet trough
walls 7 to the S|ght|ng mrror 87. The sighting mrror 87 provides a view
t hrough t'he feed 'water 5:downr the length of the inlet trough 3. A visual
target 8YYP/P6Vi ded on the farthest inlet trough wall 7.

beconmes obscure, a longer 5 settling tinme is allowed, or multiple
pass-through of the feed water 5 is prgvide to assure adequate treatnent.
Exanple 1 The distribution of the resi ce tine of water in the inventive

Vs erticiont oY St GRTREMEEHBloh WRIRSPIG e SaMhE I 17T So et
recei ve adeqUdtecsighting paisnor 87f provigiesi anview tl’tmug’atmmwwaten Bdowen of

resi donce U1 i 6T thoHiet #6u0RS. 26visSaRFados RonmiR £hy he oL o

fl owi ng throug ot en qosi hi ghest
resi dence ti ri@rthgsi tnlqéltmug@fwa" i V‘él’\%ttthf ligwerei b@@fﬂ%@l obscure, ladongket port

as the  tgacaeeiagdinid & Mdved! oLt Besatn/olBhfith8irel Wardr BI et er

Since the pH neter provides a logarithmc repoSe to the tracer aC|d
concentrati orP'OY/'é’?fOIQﬁﬁUé%ﬁééﬁt’?tﬁ’i%ﬁ'@%‘&n al so be easily detected. Based
on this nethgdamplewas determ ned that the shortest residence 20 tine of

water in one enbo t he resent i nventi o aboyt 10 seconds,
consistent with th B&t@lﬂ-ﬂ hgtrea}%enceﬁgnegglv\@ig eJB¥EEWVST t he

i n?/ent ive UVL?vsmsiﬁfed@f r@s&ie@@e meaeme Mth@deg:wifd whitht theadedibh | i ght i n
i nl et r QO

res d|n e e val ue for water
rel eased rorﬁ 8%@?? ﬁd?ﬁ r}?a‘fvg%é 'éﬂ[' Iﬂ?? % reﬁfdfrﬂ tmg di nensi ons
of the tray andst rtelaendeaaqbeqnaietU‘memesere/imﬂdwnimhog aadiderdistribation

cal cul ati ons gfc}?gnﬁteh%%ne rnﬁlL#‘Vth?fWé%ﬂ ice sQ%v%P{GEnH@%%&H 8 2!

perfornance nvent or was neasurlng its
ef fici ency i water flioningrthrkegh leenbmtentldiwmcﬂ\erﬂﬁsm mﬁaepameetwmat er was

seeded. For t nlet water was seeded with E. cold to obtain
concentratlonsgﬁ %%FO%SSEH@ (colony formng units) per 100 m of water.
For eachlbest, theA p&we@amﬁia@lﬁl wWas E‘Je@t@ﬂdnﬁmthﬁhéleitrﬂoé‘tamﬁer and the

outlet water s, HRHIIHrvallRBnitdlef atlhE SARE M RDiHPMeIES JTRESHEd W th
2 Least 35 tum Ol Lt ol Sk S AR Sinnil SebhSe B HTa i hggncent Tt on i th at
east

concentration, very low concentrations can also be easily detected.
Based on this method, it was determined that the shortest residence

20 time of water in one embodiment of the present invention is about 10
seconds, consistent with the design calculations.

The radiometric design of the inventive UV disinfector assumes

an extinction coefficient for UV light in inlet water of 0.3cm’,
corresponding to the average value for water released from U S

25 municipal waste water treatment plants The dimensions of the tray and
the lamp position were varied using radiometric calculations to optimize
the UV exposure.

The combined germicidal performance of the inventive UV

disinfector was tested by measuring its efficiency in killing marker

30 bacteria with which the inlet water was seeded. For these tests, the
inlet water was seeded with E. cold to obtain concentrations of 100,000
CFU (colony forming units) per 100 ml of water. For each test, the
concentration of E. cold in the inlet water and the outlet water was
measured. The inlet CFU concentration was measured with at least

35 two different samples, and the outlet CFU concentration with at least



WO 9%/ 6367 PCTI US97/ 13528 37 three different sanples. For these
measur enents, standard nenbrane filter tests were used, diluting the

sanpl es dsyHegdeds I n these tests, a standard vol une of wat &FT 1¥2%as
filtered through a nenbrane. The nenbrane was then cultured with agar and
i ncubated for 24 5 hours. A count of visible colonies on the nenbrane

al l owed cal cul ation of the concentratiod’7of CFUs in the water sanple. The

disinfection ability of the device is expressed with a survival ratio for
E. coll. The sthree difereat samplesd&ior feesa saaserements staegard memiraneat i on

in the outlet walqpsiQvbREusEd] cﬁﬂ:‘ﬁﬁ?ﬂhé%tain%leé@stﬁ&de'd.&h tA@savessts, a The

initial measurenents of the surv t d d | I oni
vater seerlod WEndErs v ol palari by, wen Dt BiinE = mEmslaBs. w th
turbra water bk dnd-wagahen daitlfed aith arebineubated fuo
i n Nephel orret f-lpﬁ Tur bi di tyv"'léj(r,?i.é)r';’,1 cir .I\%'Usl V\?egr%‘r rlnézuqaqlimrm‘ty'.( Lrgflsured
water by addi ngowsad Feentatyisiele erlonies ATbing T@mlﬁpﬁ iq@ chﬁ@él?ﬁla@g_i oni zed
\Alglto ﬁ;l ngewﬁgﬁ%@ﬁ@ntfdﬁ?nvm{@um thereater sample.h a cal i brat ed

ar, nt_of. L ronnen | -l L C.
Ber kel ey. The survi 3§p%g|pée%§| atﬁ(“é’tqﬁgﬁeé@v&%ﬂ%ﬁ% Hl?%%ééc}fg{“hy fc' gf’vll)\l}éc!l ty of
thf-} nl et wat erattioaﬁ;_rﬂlmmﬁ. The statival ratioTiaeefived @s thedafietafiCRldeded with a
coliform concentration.of. E’;H@é iS th
as ordinary taﬁo%?rétfa.' |or{%%g.gjoamﬁ{eg%ép%@eaé_ 1 O%éér{ﬂ ggﬁg,r.g. t?ﬁ?lgllegl tC Leg][ 5
NT(ljJ appear® distemdiieyinitial bieasuementeofthe surgivel BRI ENEORFYHRI ng cup in
ordinary room,Jd . it ' ' dirsd |
devi ces were gg)ﬁtl'}fgé;%f)ﬂregm}?élt%régﬁggéqgmj!z?ﬁg?'rsqp%sﬁé&dér@zétﬁmg&fweﬁgd by a
commerci al pat reperfgd withhtirhidovataiSesgednuiting: FB"fégfet"ﬁ”Eﬁ%%'ﬁe?a?eﬁson (WHO)

protocol. D st Ij ' icCPlihi i
00, 060, CFUS &%ﬁsﬁcﬁﬁtﬁ%ﬁu&%@_lﬂf%ﬁﬂeﬁ&nan@u@lcﬁty BiniteNeeNT ) iwereof

outl et water wasodecatint B if‘@lﬁ Mtggpkglé%h@ﬁ{?%éﬁf g([amde éc?étﬁ%ége
gﬁf})gf”emgjt slé § E&Egar@;égggzséi ﬁbﬁﬁh%ﬁ%mi‘?‘dﬁﬁ“m _(I_ZElua)iforEhe waiter pas 100 nl o
per f or mance of RRIHER vyimlérﬁaihg@tg@&p@ﬁ\é%&@é@&%ﬁ{%ﬁﬁ%ﬁ‘E’f;;on
Institute, a nghvedametaPEAGipREriol a1dl oBegkele35Thaduvilabtate wasdi seases
'n Bombay, | ndlp?étte':c? atshaefutn%%n%tf tt%e? &rﬁﬁ{itfykdfr{ﬁe inlet water, as shown in
Table 1. The de-ionized water seeded with a coliform concentration of
>0  10° CFU/100 mi visually appears just a clear as ordinary tap water.
Water with the 10° CFU/100 ml and a turbidity of 5 NTU appears
distinctly turbid when viewed in a transparent drinking cup in ordinary
room light.
Example 2
25 Additional inventive disinfection devices were manufactured in
Bombay and their performance was tested by a commercial pathology
laboratory using the World Health Organization (WHO) protocol.
Distilled water spiked with E. cold at a concentration of 100,000 CFUs
was introduced in the inlet port of the device, and the outlet water was
30 tested for viable E. cold count using a cultured membrane filter.
Repeated tests showed 0 or 1 CFU of E. cold per 100 ml of outlet
water, consistent with WHO guidelines.
The water disinfection performance of another inventive device
was tested at the Haffkine Institute, a national laboratory of pathology
35 and infectious diseases in Bombay, India. In the test at the Haffkine



WO 98/ 05367 PCTI US97/ 13528 38 Institute, each of the pathogenic organi sns
were separately suspended in 200 liters of tap water in which chlorine had
been ne%égé/éégq The cencentrations of the organi sms were neasured in

t he wat er and after it was passed through the devi cepctwispgidsss 5
technical difficulties with water flow regulation, the tests were .
conducted a 22 1 pmrather than the rated 30 1 pmdesign flowrate- At 22
1 pm the tests denonstrated conpl ete eB8nination of the pathogens in the

outl et water A as _.sh in Table 2. The tests concluded that the
outl et water Iﬁ%ﬁ@ﬁ%‘ &N 9@%‘589581@@?6@@ wece separatgiycal 10 poi nt of
\(/: ew. Uﬁi ngltSusp}ended;ih 200vitets ofetap Wé@rfﬁ@wcmwo hel ﬁﬁfﬁ%ﬁn. is ra|)oi d |

ess than i nexpepsive (|l ess than 2 ¢ per ric ton). n
addition t heﬁ?eﬁgﬁﬁg}eﬁh?%%&ﬁ%@g@ﬁ%&}s PB"'&%P"Q%"%H@I wergrmepastredant hough it
does not protf@evatesbelnie gndoaftertit was passtidsthrdesh tHNdAGics! bWiQ@%SS

coliformgn t d n al ¢oljform per
mlliliters) tﬁﬁ%ﬁii}?g&%ﬁﬁw%?ﬁemﬁgré@F '%O&%*ﬁ?t? ¥EEe coliform per

1000 millili €8n 22t thrarfethertthanithé eateid3G 1pnsdedighlowirataat | ed by
Dr. Col wel | 20 15mt efé ﬁﬁ_ﬁg t.data.is provided
(Colwell, NAS %Pe?ﬁe%creeﬁy\gs I ng:talg%?%gr'@?@%@@ﬁa“%iogﬂﬂ%ﬁﬁ@qgﬁ@o gi ven
with the cav#aing pytiet watarstream asshaverind ablec rittas twsys ¢6hdluddapendi ng on
t he i mmunol oghstathesd e waRBHoOBREI&! gsed .i ndi vi dual .

G ven tclgosur vival. ratio of pl(io s @g%?@ﬁﬁ%‘gpﬁﬁﬁ%iﬁp%fﬁr&plw@ﬁl t he

i nvent i ve VPRI HVi®Wor, for E coli, it appears likely fromthe data 25

presented in Tabl dJsingltieé prdwerit iv@sntiveedisMrgtitst, Nhe o ﬁ%gg%éﬁéqsséﬁ\é;?&?)m

adequate pro i f,.0m a _hroad ,range of enteric pa
PCT/ US97/ 135&@% t@%“ TR %%ﬂ%ﬁ’praps&@ Rensptep(lagsthanc & mes metrintdmexpensi ve,
| ow mai nt enahit @dditioni thierihetctmen tion i@imyﬂowi?%ndjir%hﬁbgmi on of feed

water dol i Sirﬁ?ﬁg‘;éf‘ﬁ%ﬂ@% B 6 FerpusRiossbhoDat dnsesion. val |
downst r dam oflifiRates eliforet iorthdelutiet matsy esithan 1 fecal coliform per
100 milliliters) when processing inlet water with 100,000 fecal coliform
per 1000 milliliters. For reference, the infectious dose Table 3 compiled
by Dr. Colwell for enteric pathogens based on current data is provided
(Colwell, NAS Conference, Washington, D.C., 1995). This table is
20  given with the caveat that the infectious dose will certainly vary
depending on the immunological status and general health of the
exposed individual.
Given the survival ratio of 10 s measured in the laboratory with
the inventive UV disinfector, for E. coli, it appears likely from the data
25 presented in Table 2 that the inventive UV disinfector would provide
adequate protection from a broad range of enteric pathogens.



c) an air-suspended, bare UV |l anp, d) a bevel ed treatnment chanber beneath

the W |l a downstream of the baffle wall, and 10 e) an outlet weir at the
end of theVBE¥EIEd treatsent chanber. 2. The WV disinfect or PET/USPHIIFRA | -
wherein an inlet port is provided at a specific digoeter limting inlet
water flowto the correct rate. 15 3. ThS WV di si nfieriier ei@ “_-.i- TRy |
wherein the inlet port is about 1.5 cm PR di anet erf N SEENE er

flowrate is about 15 liters/mnute. 4 [Rﬁﬂ di si Mwaedaql £h i) |
wherein the inlet port is about 3 cm i met er when the inlet Water

\rlﬁt eis alﬁout B inexpehsiveyicy ndintenave Wdiéri)iafétft@ﬂplfl{vlidlﬁg@ ﬁéﬁ)ﬂ%\ﬂw 10% 300¢
erein the pes; - erizin wal | are about 5 30%
of the total aélégfbgglbﬁ @fé%%%‘?gf L%Q’%“C‘*rﬁ'é‘egﬁ}“gw P8t HmBAsIBga; m 5,

wher ei n t he perf or ad) @ gsadtyedinanfeed p@aradeliveryt bpsteat,al area of the

baffle. 7.cThe UV djsi ; | rel h 0 i are
about 15‘Vc?of t he %ﬁ%g@ﬁggﬁibﬁ't (ﬂg%eﬁ %mgd/?%f'dfm@sﬁ%’éé} éﬁ%‘Fé@?Sr of
Caim1, wherevatergleliyenssrsieMon are between about 0.4 and 2.0 cmin

dianmeter. 9. The Uyhshezbahdel Bhrd NBiamhierein the perforations are
spaced 35 bet weencés)g% t O, Qband 4'2°cm apamp’at their centers. WD 98/ 05367

PCT/ US97/ 13528 - 40@h®@ beygaledieatmentrchansberdrengathithe UNWamei n t he
perforation ardowhstrédil of 1hd baffid walli apgter. 5 11 The WV disintector of

Cl ai m 10, erein the perforatio are s e bet ween about 1.1 and 2.2 cm
apart at %mi r cent®rdNOY ?{‘Vﬁlé { ﬁi%‘idn&gg?g?ev eqfreatment chamebern t he
perforation are about 0.6 cmin dianmeter. 10 13. The UV disinfector of
Claim12, whergeif t erforati .are. ~spaced .apout 1.4 cmapart at their
centers. 14. ‘IzﬁeTn'\ﬁ\)Dgl C@F'ﬁ'}ee%f’{)?fbgfa'@ i’i WF?'%’M@HB@% pPﬁte'isV’Y'Qﬁg 3t se| ect ed
15 from t he grspegifcodipmetenigmiingoiwginvesten flewntertherapriettpatea medi um
pressure nmercury lanp, a high pressure nercury |lanp, and a xenon

15 3. The UV disinfector of Claim 2, wherein the inlet port is about 1.5 cm

in diameter when the inlet water flow rate is about 15 liters/minute.

4 The UV disinfector of Claim 2, wherein the inlet port is about 3 cm in
diameter when the inlet water flow rate is about 60 liters/minute.

20
5. The UV disinfector of Claim 1, wherein the perforations in the

laminerizing baffle wall are about 10%-30% of the total area of the
baffle.

25 6. The UV disinfector of Claim 5, wherein the perforations are about
12%-20% of the total area of the baffle.

7. The UV disinfector of Claim 6, wherein the perforations are about
15% of the total area of the baffle.

30
8. The UV disinfector of Claim 1, wherein the perforation are between
about 0.4 and 2.0 cm in diameter.

9. The UV disinfector of Claim 8, wherein the perforations are spaced
35 Dbetween about 0.9 and 4.2 cm apart at their centers.



arc lanp. 15. The WV disinfector of Ctaim 1, wherein the W lanp is a

doubl e ogf 20 quadruple lanp. 16. The UV disinfector of daim1, wherein
the UV | i rovided +n nultiples. 25 17. The WV disinf aim *
16, Mertﬁ”{‘\%ﬁ"%v | anps are provided and the flowrate ig%g(zl?‘{?g}tiiségté 8
gal l ons. of feed water per mnute. 18. The UV disinfector of Claim]l, -
wherein.the off/on status of the W | can be directly observed during
processing. 30 19. The WV disinfector of Claim1l, wherein the bevel ed
treatnent- ‘chanber is provided with walls angled so as to provide a narrow
resi dence ti d r [.Qw, ex ure to the feed water. 35 20. The W

di si nf ect or g‘]a %F‘gi Wé&?‘"%ﬁ?@foﬁ%@ Ghareth thepgrfenationgtedy; gnde7

PCTI US97/ 135280 crtin diammater. i s provided with strai ght edged beveling. 21.
The WV disinfector of Claim19, wherein the beveled treatnment chanber is

provided with a sem -circular beveling. 5 22. The WV disinfector of daim
19, wheresn tHeTloelY disintectar of Qlaine hopwherdin the perfdestions Sreadpatedn

paral | ol chavRavaehbue 107 pnd &7 oin Sbahal Ko EaRlersn W i i (s on v

| anp. 24. The WV disinfector of Claim19, wherein the walls of the beveled

treatnent ch e didiF i i I ter
evel s vi 11 101y dipiiacten §f RSN, wikdtsll e ST EHoR e sits: °Gr i m
1, wherein t 06 incdiameter.i s about half the height of the baffle wall.
26. The 4}y disinfector of Claiml having dinmensions of. within about 20
SmX2mX2m  27., _The .UV disinfector of C aim 26 having dinensions of wthin
about 120cmiR- 2BenYX disiptactomofGlairphi2, wherel thesrerderasionsiatem .27 havi ng

di mensi ons ofspacklidbcftdud croasan At ivsiftehttpem  29. The UV di sinfector of
Claim1l, wherein when the feed water is

14. The UV disinfector of Claim 1, wherein the UV lamp is selected

15 from the group comprising a low-pressure mercury lamp, a medium

pressure mercury lamp, a high pressure mercury lamp, and a xenon
arc lamp.

16. The UV disinfector of Claim 1, wherein the UV lamp is a double or
20 quadruple lamp.

16. The UV disinfector of Claim 1, wherein the UV lamp is provided in
multiples.

25 17. The UV disinfector of Claim 16, wherein two UV lamps are provided
and the flow rate is adjusted to 8 gallons of feed water per minute.

18. The UV disinfector of Claim 1, wherein the off/on status of the UV
lamp can be directly observed during processing.

30
19. The UV disinfector of Claim 1, wherein the beveled treatment
chamber is provided with walls angled so as to provide a narrow
residence time and narrow UV exposure to the feed water.

35 20. The UV disinfector of Claim 19, wherein the beveled treatment




_—
treated at a rate of 4 gall ons—a mnute;,—there+s about a 2-S second 30
wi de distribution of residence tine of 99% of a detection aliquot. 30. The
WV di si nfPfer0oB0s#67Cl ai m29, wherein there is about a 34.5 secondomwisies _
di stribution of residence tinme. 35 31. The WV disinfector of C aim30,
wherein there is a about a 4 i WD 98/ 05367 PCTIUS97/ 13528 = 42 second

wi de distribution of residence tine. 32.4The UV water disinfector of Caim

1 which disi nfcg,g:ts water supplied at atnpspheric pressure at a rate of
bet ween about DATBPEN SRTP¥Idedith strajght edgedIzeveting. di si nfect or of Clai m
32, wherein the rate is frombetween about 3 to 5 gallons per mnute. 34.

The di si nf ect j m .3 whergin t rate is about 4 gallons per |o
m nute. 35. Tﬁéfgafsnse%g/ ‘?'ﬁ'@?‘WV\B{&a’m £§NQ%W the bevelesh treatmentused for - -
serum di si nf ecthambeniseurevidetihwittesiseriedirdulaetsévalipg. 2 UV energy dose  of

about 110-450 MIliwatt-sec/cnR. 15 36. The use of the UV water disinfector
of Claim1; when used to produce potable water, wherein the exit water

recei ves P UV ZhdihgyUVdiisiaferftorof Claimt 13 helvéreidtHd bevatetttréftiieni2 20 37.
The UV water dis) : j.m when usged, for efflyent treatnent or
fish culture Sdu@;ﬁégﬁ'goddﬂ@g‘sgﬁ’at%%%% ?"G&h‘{eé%%ééuﬁ\?@é‘i €.a UV energy
dose of at |east about 20 MIliwatt-sec/cn2. 38. The UV disi nfector of
Claim1, whic GGH&C ki Y i eed water containing
£ S0l ar 1 2 THRY HSAR PG CRIATD. itert Barbytel chEFREHAT 11 "\t eo
Chol erae &f 1.beveling-areprovidedseach withdtsadwe WY lamp. X 10' /100 m, CL.
Welchii at 5.6 X 10'/100 m, Shigella Dysenteriae at 1.7 X 10./100 m ,

Proteus Wulgarjs_at 1.4 X 10 /100 m, Kl ebsiella Aerogens 2.1 X 10/100 nl,
Ent. El oaceae 44t T%.ed}Y digin LM 18, whersitothenwslisof the beveledt 2.5 X

107100 nl to Itrasmidntchamder wréRirfteBdhHIGHR, BEthaO8&BssRle ferfwapler- WO

98/ 05367 PCT/ lljg\?eﬂé %v?fl?%aql frég’ o?the UV device.

15

25 The UV disinfector of Claim 1, wherein the outlet weir is about half
the height of the baffle wall.

26. The UV disinfector of Claim 1 having dimensions of. within about
20 SmX2m X 2m.

27. The UV disinfector of Claim 26 having dimensions of within about
120cm X 25¢cm X 25¢cm. '

25 28. The UV disinfector of Claim 27 having dimensions of within about
30cm X I5cm X 15¢m. |

29. The UV disinfector of Claim 1, wherein when the feed water is
treated at a rate of 4 gallons a minute, there is about a 2-S second

30  wide distribution of residence time of 99% of a detection aliquot.

30. The UV disinfector of Claim 29, wherein there is about a 34.5
second wide distribution of residence time.

35 31. The UV disinfector of Claim 30, wherein there is a about a 4
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second wide distribution of residence time.

32. The UV water disinfector of Claim 1 which disinfects water supplied
at atmospheric pressure at a rate of between about 2 to 6 gallons per
5 minute. '

33. The disinfector of Claim 32, wherein the rate is from between about
3 to 5 gallons per minute.

34. The disinfeétor of Claim 33, wherein the rate is about 4 gallons per
10 minute.

35. The use of the UV water disinfector of Claim 1 when used for
serum disinfection, wherein the exit water receives a UV energy dose
of about 110-150 Milliwatt-sec/cm?2.

15
36. The use of the UV water disinfector of Claim 1, when used to
produce potable water, wherein the exit water receives a UV energy
dose of at least about 40 Milliwatt-sec/cm2.

20 37. The UV water disinfector of Claim 1, when used for effluent

treatment or fish culture purposes, wherein the exit water has received
a UV energy dose of at least about 20 Milliwatt-sec/cm2.

38. The UV disinfector of Claim 1, which reduces viable pathogene

25 levels in feed water containing E. Coli at 1.2 X 10 /100 ml, Salmonella
Typhi at 1.3 X 10 /100 ml, Vibreo Cholerae at 1.7 X 10100 ml, Str.
faecalis at 1.3 X 107100 ml, C1. Welchii at 5.6 X 107100 ml, Shigella
Dysenteriae at 1.7 X 10 /100 ml, Proteus Vulgaris at 1.4 X 10 /100 ml,
Klebsiella Aerogens 2.1 X 10/100 mi, Ent. Eloaceae at 1.9 X10/100

30 ml, or Pseudomonas aeruginosa at 2.5 X 10/100 ml to less than one
viable pathogen per 100 mi of feed water.
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