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(57) Abrégé/Abstract:

There is described, a fluid treatment system comprising: a fluid treatment chamber comprising a fluid inlet, a fluid outlet and a fluid
treatment zone; an elongate radiation source assembly comprising an elongate radiation source configured to be disposed in the
fluid treatment zone; and a lamp socket element secured to a proximal portion of the fluid treatment chamber, the lamp socket
element configured to be disengaged from the elongate radiation source assembly only when the fluid treatment chamber is fluid
non-pressurized.
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(57) Abstract: There is described, a fluid treatment system comprising: a fluid treatment chamber comprising a fluid inlet, a fluid
outlet and a tluid treatment zone; an elongate radiation source assembly comprising an elongate radiation source configured to be
disposed in the fluid treatment zone; and a lamp socket element secured to a proximal portion of the fluid treatment chamber, the
o lamp socket element configured to be disengaged from the elongate radiation source assembly only when the fluid treatment cham-
ber is fluid non-pressurized.



FLUID TREATMENT SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION

[06001] The present application claims the benefit under 35 U.S. C. § 119(e) of provisional
patent application S.N. 62/231,702, filed July 14, 2015.

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0002] The present invention relates to a fluid treatment device. More particularly, in its
preferred embodiment, the present invention relates to an ultraviolet radiation water treatment
device.

DESCRIPTION OF THE PRIOR ART

[0003] It is known that irradiation of a fluid, such as water, with ultraviolet light will disinfect
the water through inactivation of microorganisms therein, provided the irradiation intensity and
exposure duration are above a minimum "dose" level (often measured in units of microwait

seconds per square centimeter).

[0004] Ultraviolet water disinfection units employ this principle to disinfect water for human
consumption. Generally, water to be disinfected passes through a pressurized stainless steel
cylinder which is flooded with ultraviolet radiation. Large scale municipal wastewater
treatment equipment, such as that commercially available from Trojan Technologies under the
tradename UV3000+ and Signa, employ this same principle to disinfect treated wastewater.
Specifically, ultraviolet radiation emitting lamps are submerged in an open channel wherein the
wastewater is exposed to radiation as it flows past the lamps. For further disclosure of fluid
purification systems employing ultraviolet radiation see United States patents 4,482,809,
4,872,980 and 5,006,244,

CA 2992309 2019-05-29
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[0005] Residential ultraviolet water disinfection products can vary in exact construction from
one manufacturer to the next while still achieving similar operational characteristics. The major
components that are common to most or all residential ultraviolet water disinfection units
include: an ultraviolet radiation lamp; a water cylinder (often constructed of stainless steel
because of the inherent resistance to corrosion and ultraviolet radiation); fastening
fixtures/devices to secure the lamp in the cylinder; sealing devices to prevent water leakage from
the entry point(s) of the lamp; a lamp ballast (power supply and starter); and power cords to

connect the lamp to the ballast and to connect the ballast to external power.

[0006] In addition, many residential ultraviolet disinfection products also contain the following
components: a quartz sleeve with a larger diameter than the ultraviolet radiation lamp, which
encases and thus protects the ultraviolet radiation lamp; an electrical circuit or printed circuit
board which is capable of monitoring the lamp operation, monitoring signal(s) from an
ultraviolet radiation intensity sensor built into the cylinder, and/or triggering alarms within the

residence if the monitored signals indicate incorrect operation.

[0007] United States 5,471,063 (assigned to the assignee of the present invention). The '063
patent teaches fluid disinfection unit comprising a fluid treatment housing, an electrical supply
module and electrical connection means connecting the fluid treatment housing and the electrical
supply module. The fluid treatment housing comprises a fluid inlet and a fluid outlet in
communication with a reaction chamber, an ultraviolet radiation lamp disposed in the reaction
chamber and having a first electrical connector at a first end thereof and a second end thereof
being closed. The second end of the ultraviolet radiation lamp is received and held in place by a
tapered, helical spring. The electrical supply module comprises a ballast which may be

removably connected to the ultraviolet radiation lamp and the electrical supply module.

[0008] Conventional residential UV purification systems consist of a mercury based UV Lamp
installed in a quartz sleeve that has been installed in a chamber. The lamp ballast is typically
mounted some distance away from the lamp and chamber assembly, and a power cord is run
from the ballast to a plug configured to mate with the end of the lamp. In some conventional

systems, the lamp is inserted into a protective quartz sleeve having a closed distal and this
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arrangement is then inserted into the chamber. A retaining nut or mechanical fastener is used to

hold the quartz sleeve and lamp in position while the chamber is pressurized during operation.

[0009] In conventional systems, the head of the UV lamp typically has a custom mechanical
configuration designed to allow for only a single correct manner of mechanically connecting the
ballast plug to the lamp. The power cord runs some distance to the lamp and chamber. There
are several inherent problems that exist with typical UV water disinfection chambers and ballast

connections.

[0010} First, under Pressure, closed end quartz sleeves will have a force exerted by water
pressure that trics to forcibly ¢ject the quartz slecve and lamp from the stainless steel chamber. If
the mechanical fastener is not secured properly or if a person trying to conduct maintenance on
the system forgets to depressurize their treatment chamber before disengaging the retaining nut
or mechanical fastener, they could inadvertently gject their quartz material and mercury lamp out

of the treatment chamber resulting in property damage or potential injury to the operator.

[0011] Second, in the event of a water leak around the quartz sleeve and O-ring that is intended
to seal the treatment chamber, water can be forced up into the electrical connections and lead to a

potential shock hazard if touched.

[0012] Third, if the ballast is connected in such a way that the power cord running to the lamp
does not have a “drip loop” in it then if a water leak occurs, water can wick down the power cord

and into the electrical ballast resulting in the risk of electrical shock or ballast failure.
[0013] Fourth, lamp signature recognition is not possible.
[0014] There have been prior attempts in the art to address these problems.

[0015] To prevent water ingress to the ballasts, the ballasts have been designed to try to be water
tight, however, in mass production; it is challenging to ensure that all ballasts are completely

sealed all the time. Inevitably, some will leak and cause field failures.



10

15

25

CA 02992309 2018-01-12

WO 2017/008156 PCT/CA2016/050815

[0016] To prevent water getting into the plug and creating an electrical shock hazard, it is known
to install a mechanical guard that prevents users from clasping the plug when powered. However,

mechanical guards can be removed and are often not replaced after servicing.

[0017} Some systems do not use “domed” or closed ended quartz sleeves but instead have both
ends “open ended”. Thus the water pressure is balanced on the quartz sleeve creating a situation
where a properly installed quartz sleeve should not forcibly eject. However, if the quartz is
damaged or cracked, then the possibility of forcible ejection is still present if the user loosens the

mechanical lock or retaining nut while pressurized.

[0018] Thus, notwithstanding the advances in the art, there is room for improvement.
Specifically, there still exists a need in the art for a fluid treatment system that addresses onc or

more of the above-mentioned problems.

SUMMARY OF THE INVENTION

[0019] 1t is an object of the present invention to obviate or mitigate at least one of the above-

mentioned disadvantages of the prior art.
[0020] Tt is another object of the present invention to provide a novel fluid treatment system.

[0021} Accordingly, in one of its aspects, the present invention provides a fluid treatment system
comprising:

a fluid treatment chamber comprising a fluid inlet, a fluid outlet and a fluid treatment
zone;

an eclongate radiation source assembly comprising an elongate radiation source
configured to be disposed in the fluid treatment zone; and

a lamp socket element secured to a proximal portion of the fluid treatment chamber, the
lamp socket element configured to be disengaged from the elongate radiation source assembly

only when the fluid treatment chamber is fluid non-pressurized.

[0022] In another of its aspects, the present invention provides a fluid treatment system

comprising:
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a fluid treatment chamber comprising a fluid inlet, a fluid outlet and a fluid treatment
Zone;

a lamp socket element secured to a proximal portion of the fluid treatment chamber, the
lamp socket element comprising a first locking element configured to be operable between a first
locked position when the fluid treatment chamber is fluid pressurized and a second unlocked
position when the fluid treatment chamber is fluid non-pressurized;

an elongate radiation source assembly configured to be disposed in the fluid treatment
zone and comprising an clongate radiation source and a second locking element;

wherein the first locking element and the second locking element are configured to be

irreversibly engaged in the first locked position.

[0023] Thus, the inventors have developed a fluid treatment system which is believed to obviate
or mitigate at least some of the above-mentioned disadvantages of the prior art. A key feature of
the present fluid treatment system is that the radiation source (typically an ultraviolet radiation
lamp) cannot be mistakenly or unintentionally removed by the user from the fluid treatment
chamber. This is a significant safety feature of the present {luid treatment system since it avoids
the situation where a user mistakenly disconnects the radiation source assembly from the

chamber while the chamber is pressurized risking injury to the user.

[0024] In a highly preferred embodiment of the present invention, the lamp socket element
attached to the fluid treatment chamber comprises a locking element such as a retaining ring
which is movable between a locked position and an unlocked position. In the locked position,
the fluid treatment chamber is pressurized which helps maintain the radiation source assembly in
the locked position. When it is desired to withdraw the radiation source assembly (e.g., to
replace the radiation source), the locking elements (e.g., retaining ring) is moved to a second
position which allows the radiation source assembly to be withdrawn from the fluid treatment
chamber only when the fluid treatment chamber has been de-pressurized. The first locking
clement is configured such that a user cannot move the locking element to the second position
while the fluid treatment chamber is pressurized. Thus, for example, the type of pressure needed

by the user to withdraw the radiation source assembly when the fluid treatment chamber is non-
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pressurized is insufficient to move the locking element to a second position when the fluid

treatment chamber is pressurized.

[0025] Other advantages associated with preferred embodiments of the present fluid treatment

system include the following:

o the use of complementary integrated power and data connectors in the
radiation source assembly and lamp socket clement serving the dual purpose
of powering the radiation source and obtaining diagnostic and other

information (¢.g., make, model, etc.) about the radiation source; and

e location of the power connection between the radiation source assembly and
the lamp socket element remotely (e.g., above) with respect to the seal point

therebetween thereby obviating the occurrence of short circuiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Embodiments of the present invention will be described with reference to the
accompanying drawings, wherein like reference numerals denote like parts, and in which:

Figure 1(a) is a front view of a preferred embodiment of radiation source assembly for
use in the present fluid treatment system;

Figure 1(b) is a perspective view from below of the radiation source assembly illustrated
in Figure 1(a);

Figure 1(c) is an enlargement of a portion of Figure 1(b);

Figures 2-11 illustrate a preferred embodiment of the present fluid treatment system in
which the radiation source assembly is being inserted into the fluid treatment chamber (Figures
3,5,7,9and 11 are enlargements of a portion of Figures 2, 4, 6, 8 and 10 respectively);

Figures 12-16 illustrate views of the fluid treatment system illustrated in Figures 2-11
showing in successive views removal of the radiation source assembly from the fluid treatment
chamber (Figure 16 is an enlargement of a portion of Figure 15);

Figure 17 illustrates the separate elements of the lamp socket element used in the fluid

treatment system illustrated in Figures 2-16; and
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Figure 18 illustrates a perspective view from below of a portion of the radiation source

assembly illustrated in Figures 1-16.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0027] In a first embodiment, the present invention relates to a fluid treatment system
comprising: a fluid treatment chamber comprising a fluid inlet, a fluid outlet and a fluid
treatment zone; an clongate radiation source assembly comprising an elongate radiation source
configured to be disposed in the fluid treatment zone; and a lamp socket element secured to a
proximal portion of the fluid treatment chamber, the lamp socket element configured to be
disengaged from the clongate radiation source assembly only when the fluid treatment chamber
1s fluid non-pressurized. Preferably, this first embodiment of the present fluid treatment system
further comprises a first locking element configured to be operable between a first locked
position when the fluid treatment chamber is fluid pressurized and a second unlocked position

when the fluid treatment chamber is fluid non-pressurized.

[0028] In a second embodiment, the present invention relates to a fluid treatment system
comprising: a fluid treatment chamber comprising a fluid inlet, a fluid outlet and a fluid
treatment zone; a lamp socket element secured to a proximal portion of the fluid treatment
chamber, the lamp socket element comprising a first locking element configured to be operable
between a first locked position when the fluid treatment chamber is fluid pressurized and a
second unlocked position when the fluid treatment chamber is fluid non-pressurized; an elongate
radiation source assembly configured to be disposed in the fluid treatment zone and comprising
an elongate radiation source and a second locking element; wherein the first locking element and

the second locking element are configured to be irreversibly engaged in the first locked position.

[0029] Preferred embodiments of these first or second embodiments of the present fluid
treatment system may include any one or a combination of any two or more of any of the

following features:

o the first locking element is movable with respect to the lamp socket element;
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the first locking element is slidably movable with respect to the lamp socket

element;

the first locking element is rotably movable with respect to the lamp socket

element;

the elongate radiation source assembly further comprises a second locking
element configured to be engagable with the first locking element in the first

locked position;
the first locking element comprises a ring element;

the ring element comprises at least one first receptacle element for

engagement with the second locking element in the first locked position;

the second locking element comprises at least one tab element for engagement

with the at least one receptacle element in the first locked position;

the ring element further comprises at least one second receptacle element
configured to allow disengagement of the second locking element from the

ring element in the second unlocked position of the first locking element;

the ring element comprises a plurality of first receptacle elements for

engagement with the second locking element in the first locked position;

the second locking element comprises a plurality of tab elements for
engagement with the plurality of first receptacle elements in the first locked

position;

the ring element further comprises a plurality of second receptacle elements
configured to allow disengagement of the second locking clement from the

ring element in the second unlocked position of the first locking element;

PCT/CA2016/050815
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the ring element comprises a pair of opposed first receptacle elements for

engagement with the second locking element in the first locked position;

the second locking element comprises a pair of opposed tab clements for
engagement with the pair of opposed first receptacle elements in the first

locked position;

the ring element further comprises a pair of opposed second receptacle
element configured to allow disengagement of the second locking element
from the ring element in the second unlocked position of the first locking

clement;

the ring element comprises a pair of diametrically opposed first receptacle
elements for engagement with the second locking element in the first locked

position;

the second locking element comprises a pair of diametrically opposed tab
elements for engagement with the pair of diametrically nopposed first

receptacle elements in the first locked position;

the ring element further comprises a pair of diametrically opposed second
receptacle elements configured to allow disengagement of the second locking
element from the ring element in the second unlocked position of the first

locking element;

the first locking element further comprises a locking dial element secured to

the ring;
the locking dial element comprises a user actuation portion;

the first locking element further comprises a first visual marker positioned
substantially adjacent the user actuation portion when the first locking element

is in the first locked position;

PCT/CA2016/050815
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the first locking element further comprises a second visual marker positioned
substantially adjacent the user actuation portion when the first locking element

is in the second unlocked position;

the lamp socket element comprises a first half of an electrical connector and
the radiation source assembly comprises a second half of an electrical
connector, the first half and the second half configured to make an electrical

connection in the first position;

the lamp socket element comprises a first half of an electrical connector and
the radiation source assembly comprises a second half of an electrical
connector, the first half and the second half configured to be electrically

disconnected in the second position;

the lamp socket clement comprises a first half of an electrical connector and
the radiation source assembly comprises a second half of an clectrical
connector, the first halt and the second half configured to: (i) make an
electrical connection in the first position and (ii) be electrically disconnected

in the second position;

the electrical connection between the first half and the second half is in spaced

relation with respect to the fluid treatment chamber;

the fluid treatment system further comprises a biasing element disposed in the
fluid treatment chamber, the biasing element configured to apply a force on

the elongate radiation source in a direction toward the lamp socket element

the biasing element is disposed in distal portion of the fluid treatment
chamber, the biasing element configured to apply a force on a distal portion

the elongate radiation source in a direction toward the lamp socket element.

the biasing element comprises a spring element

10

PCT/CA2016/050815
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o the biasing element comprises a helical spring element; and/or
e the a spring clement element comprises a variable diameter.

[0030] With particular reference to Figures 1(a)-1(c) and 18, there is illustrated a radiation
source assembly 10 for use in a preferred embodiment of the present fluid treatment system.
Radiation source assembly 10 comprises an clongate radiation source 15. Elongate radiation
source 15 is preferably an ultraviolet radiation source of conventional design. Such an
ultraviolet radiation source is typically encased in a protective radiation transparent sleeve,
typically made from quartz. In the illustrated embodiment, the protective sleeve comprises a

closed end 20.

[0031] The proximal portion of radiation source 15 is connected to a lamp head assembly 25.
Lamp head assembly 25 comprises a ballast (not shown for clarity) for powering elongate
radiation source 15. Lamp head assembly also comprises a pair of locking tabs 30,35 that are
diametrically opposed to one another. Lamp head assembly further comprises a pair of power
and data connection elements 40,45. Power and data connection elements 40,45 are configured
to supply power to elongate radiation source 15 and also, in a preferred embodiment, to convey
data about the nature of elongate radiation source 15 and its lamp life to a processor (not shown

for clarity) disposed in lamp head assembly 25.

[0032] Radiation source assembly 10 may be comprised as a component of a fluid treatment
system and is a serviceable component thercof. By this it is meant, when elongate radiation
source 15 has exceeded its usetul lamp life, radiation source assembly 10 may be replaced by a

uscr.

10033} With reference to Figures 2-11, there is illustrated, in a sequential manner, disposition of
radiation source assembly 10 in a fluid treatment system 100. Fluid treatment system 100
comprises a fluid treatment chamber 105 having a fluid inlet 115 and a fluid outlet 108. It will
be clear to those of skill in the art that the illustrations used in Figures 2-11 have a number of cut

out portions so that the components thereof may be understood.

11



10

15

20

25

CA 02992309 2018-01-12

WO 2017/008156 PCT/CA2016/050815

[0034] Disposed in a distal portion of fluid treatment chamber 105 is a helical spring element
120 having a variable diameter. As shown, the diameter of opposed ends of helical spring
element 120 is larger than a mid-portion thereof. Disposed on a proximal portion of fluid
treatment chamber 105 is a lamp socket element 125, With particular reference to Figures 3 and
17, lamp socket assembly 125 comprises a socket assembly 130, a locking dial 135, a mounting

plate 140 and a retaining ring 145.

[0035] Socket element 130 comprises a pair of power and data connecting elements 150,155
which are configured to create a complementary fit and connection with power and data

connecting elements 40,45 in lamp head assembly 25.

[0036] Socket clement 130 further comprises a pair of diametrically opposed locking elements

160 which are configured to engage locking tab elements 30,35 in lamp head assembly 25.

[0037} Socket element 130 comprises on an upper surface thereof an “unlocked” icon 165 and a
“locked” icon 170. Socket element 130 holds locking dial 135 in place and is used to establish

power and data connections to radiation source assembly 10.
[0038] Locking dial 135 is connected to and serves to control retaining ring 145.

[0039] Mounting plate 140 secures retaining ring 145 with respect to fluid treatment chamber

105 while allowing retaining ring 145 to rotate.

[0040] Retaining ring 145 comprises a pair of diametrically opposed pocket elements 175,180
and a pair of diametrically opposed notch elements 185,190.

[0041] With reference to Figure 3, there can be seen electrical connections 195 which provide a
connection between power and data connecting elements 150,155 and a source of electricity 200

(Figure 2).

[0042] When it is desired to install radiation source assembly 10 in fluid treatment chamber 103,
radiation source assembly 10 is inserted in fluid treatment chamber 105 in the direction of arrow
A (Figure 3). At this point, locking dial 135 is put in an “unlocked” position by sliding locking

dial 135 toward icon 165 in the direction of arrow B — see Figures 4-5.

12
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[0043] With reference to Figures 6-7, radiation source assembly 10 is depressed all the way into
fluid treatment chamber 105 in the direction of arrow A so that closed end 20 of elongate
radiation source 15 is urged against spring element 120. At this point, tab elements 30,35 have

cleared notch elements 185,190 in retaining ring element 145,

[0044] With reference to Figures 8-9, while maintaining radiation source assembly 10 in a fully
depressed position in fluid treatment chamber 105, locking dial 135 is moved in the direction of
arrow C into the “locked” position denoted by icon 170 on socket element 130. This movement
of locking dial 135 causes pocket elements 175,180 on retaining ring element 145 to be aligned

with locking tab elements 30,35 of lamp head element 25.

[0045] At this point, the depressive force on radiation source assembly 10 can be removed such
that locking tab elements 30,35 of lamp head element 25 are nested in pocket elements 175,180
of retaining ring 145 — see Figures 10-11.

[0046] Figure 12 illustrates fluid treatment system 100 in a “ready for use” configuration. As
will be understood by those of skill in the art, the configuration shown in Figure 12 does not
allow a user to move locking dial 135 toward the “unlocked” position denoted by icon 165 due to
the fact that locking tabs 30,35 of lamp head element are nested in pocket elements 175,180 of
retaining ring element 145 and are urged in that position by spring element 120. Once fluid
treatment chamber 105 is pressurized with fluid (e.g., water), the resulting pressurization
obviates or mitigates the ability of a user to depress radiation source assembly 10 in the direction
of arrow A in a mistaken and/or unintentional attempt to try and withdraw radiation source
assembly 10 from fluid treatment chamber 105. This represents a significant safety advantage

associated with the present fluid treatment system.

[0047] Figures 13-16 illustrate, in a successive manner, withdrawal radiation source assembly 10

from fluid treatment system 105 using, in essence, a reversal of the steps shown in Figures 3-11.

[0048] While this invention has been described with reference to illustrative embodiments and
examples, the description is not intended to be construed in a limiting sense. Thus, various

modifications of the illustrative embodiments, as well as other embodiments of the invention,

13



will be apparent to persons skilled in the art upon reference to this description. For example, the
specific combination of pocket elements and notch clements their interaction with the locking
tab on radiation source assembly can be modified while achieving the overall goal of securing
locking dial 135 in place in configuration shewn in Figure 12. In addition, it is possibie to
incorporate fluid treatment system 100 in a broader fluid treatment system such as one that
contains a filtration station followed by a radiation treatment station (i.e., such as the present

fluid treatment system) — see, for example, United States patent 7,476,312 [Laing et al.].

[0049] it is therefore contemplated that the appended claims will cover any such modifications

or embodiments.

14
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What is claimed is:

1. A fluid treatment system comprising:

a fluid treatment chamber comprising a fluid inlet, a fluid outlet and a fluid treatment
zone;

an elongate radiation source assembly comprising an elongate radiation source, wherein
the elongate radiation source assembly is disposed within and removable from the fluid treatment
zone of the fluid treatment chamber; and

a lamp socket element secured to a proximal portion of the fluid treatment chamber, the
lamp socket element configured to be able to be disengaged from the elongate radiation source

assembly only when the fluid treatment chamber is fluid non-pressurized.

2. The fluid treatment system defined in Claim 1, further comprising a first locking element
configured to be operable between a first locked position when the fluid treatment chamber is
fluid pressurized and a second unlocked position when the fluid treatment chamber is fluid non-

pressurized.

3. The fluid treatment system defined in Claim 2, wherein the first locking element is

movable with respect to the lamp socket element.

4. The fluid treatment system defined in Claim 2, wherein the first locking element is

slidably movable with respect to the lamp socket element.

5. The fluid treatment system defined in Claim 2, wherein the first locking element is

rotably movable with respect to the lamp socket element.
6. The fluid treatment system according to any one of Claims 2-5, wherein the elongate
radiation source assembly further comprises a second locking element configured to be

engagable with the first locking element in the first locked position.

7. The fluid treatment system defined in Claim 6, wherein the first locking element

comprises a ring element.
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8. The fluid treatment system defined in Claim 7, wherein the ring element comprises at
least one first receptacle element for engagement with the second locking element in the first

lacked position.

9. The fluid treatment system defined in Claim 8, wherein the second locking element
comprises at least one tab element for engagement with the at least one first receptacle element

in the first locked position.

10.  The fluid treatment system according to any one of Claims 8-9, wherein the ring element
further comprises at least one second receptacle element configured to allow disengagement of
the second locking element from the ring element in the second unlocked position of the first

locking element.

1. The fluid treatment system defined in Claim 7, wherein the ring element comprises a
plurality of first receptacle elements for engagement with the second locking element in the first

locked position,

12, The fluid treatment system defined in Claim 11, wherein the second locking element
comprises a plurality of tab elements for cngagement with the plurality of first receptacle

elements in the first locked position.

13. The fluid treatment system according to any one of Claims 11-12, wherein the ring
element further comprises a plurality of second receptacle elements configured to allow
disengagement of the second locking element from the ring element in the second unlocked

position of the first locking element.

14, The fluid treatment system defined in Claim 7, wherein the ring element comprises a pair
of opposed first receptacle elements for engagement with the second locking clement in the first

locked position.

15. The fluid treatment system defined in Claim 14, wherein the second locking element
comprises a pair of opposed tab elements for engagement with the pair of opposed first receptacle

elements in the first locked position,
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16. The fluid treatment system according to any one of Claims 14-15, wherein the ring
element further comprises a pair of opposed second receptacle element configured to allow
disengagement of the second locking element from the ring element in the second unlocked

position of the first locking element.

17.  The fluid treatment system defined in Claim 7, wherein the ring element comprises a pair
of diametrically opposed first receptac]c[ elements for engagement with the second locking

element in the first locked position.

18.  The fluid treatment system defined in Claim 17, wherein the second locking element
comprises a pair of diametrically opposed tab elements for engagement with the pair of

diametrically opposed first receptacle elements in the first locked position.

19. The fluid treatment system according to any one of Claims 14-15, wherein the ring
element further comprises a pair of diametrically opposed second receptacle elements configured
to allow disengagement of the second locking element from the ring element in the second

uniocked position of the first locking element.

20. The fluid treatment system according to any one of Claims 7-19, wherein the first locking

element further comprises a locking dial element secured to the ring.

21, The fluid treatment system defined in Claim 20, wherein the locking dial element

comprises a user actuation portion.

22.  The fluid treatiment system defined in Claim 21, wherein the first locking element further
comprises a first visual marker positioned substantially adjacent the user actuation portion when
the first locking element is in the first locked position.

23.  The fluid treatment system defined in Claim 21, wherein the first locking element further

comprises a second visual marker positioned substantially adjacent the user actuation portion

when the first locking element is in the second unlocked position.
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24.  The fluid treatment system according to any one of Claims 2-23, wherein the lamp socket
clement comprises a first half of an electrical connector and the radiation source assembly
comprises a second half of an electrical connector, the first half and the second half configured

to make an electrical connection in the first position.

25. The fluid treatment system according to any one of Claims 2-23, wherein the lamp socket
element comprises a first half of an electrical connector and the radiation source assembly
comprises a second half of an electrical connector, the first half and the second half configured

to be electrically disconnected in the second position.

26.  The fluid treatment system according to any one of Claims 2-23, wherein the lamp socket
element comprises a first half of an electrical connector and the radiation source assembly
comprises a second half of an electrical connector, the first half and the second half configured
to: (i) make an electrical connection in the first position and (ii) be electrically disconnected in

the second position.

27.  The fluid treatment system defined in Claim 26, wherein the electrical connection
between the first half and the second half is in spaced relation with respect to the fluid treatment

chamber.

28.  The fluid treatment system according to any one of Claims 2-27, further comprising a
biasing element disposed in the fluid treatment chamber, the biasing element configured to apply

a force on the elongate radiation source in a direction toward the lamp socket element.

29.  The fluid treatment system defined in Claim 28, wherein the biasing element is disposed
in distal portion of the fluid treatment chamber, the biasing element configured to apply a force

on a distal portion the clongate radiation source in a direction toward the lamp socket element.

30. The fluid treatment system according to any one of Claims 28-29, wherein the biasing

element comprises a spring element.

31, The fluid treatment system according to any one of Claims 28-29, wherein the biasing

element comprises a helical spring element.
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32. The fluid treatment system according to any one of Claims 30-31, wherein the spring

element comprises a variable diameter.

33. A fluid treatrment system comprising;

a fluid treatment chamber comprising a fluid inlet, a fluid outlet and a fluid treatment
zone;

a lamp socket element secured to a preximal portion of the fluid treatment chamber, the
lamp socket clement comprising a first locking element configured to be operable between a first
locked position when the fluid treatment chamber is fluid pressurized and a second unlocked
position when the fluid treatment chamber is fluid non-pressurized;

an elongate radiation source assembly disposed within and removable from the fluid
treatment zone and comprising an elongate radiation source and a second Jocking element;

wherein the first locking element and the second locking element are configured to be
irreversibly engaged in the first locked position when the fluid treatment chamber is fluid

pressurized.

34.  The fluid treatment system defined in Claim 33, wherein the first locking element is

movable with respect to the lamp socket element.

3S. The fluid treatment system defined in Claim 33, wherein the first locking element is

slidably movable with respect to the lamp socket element.

36. The fluid treatment system defined in Claim 33, wherein the first locking element is

rotably movable with respect to the lamp socket element.
37. The fluid treatment system according to any one of Claims 33-36, wherein the second
locking element is configured to be engagable wiih the first locking element in the first locked

position.

38. The fluid treatment system defined in Claim 37, wherein the first locking element

comprises a ring element.
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39. The fluid treatment system defined in Claim 38, wherein the ring element comprises at
least one first receptacle element for engagement with the second locking element in the first

locked position.

40. The fluid treatment system defined in Claim 39, wherein the second locking element
comprises at least one tab element for engagement with the at least one receptacle element in the

first locked position.

41.  The fluid treatment system according to any one of Claims 39-40, wherein the ring
clement further comprises at least one second receptacle element configured to allow
disengagement of the second locking element from the ring element in the second unlocked

position of the first locking element.

42.  The fluid treatment system defined in Claim 38, wherein the ring element comprises a
plurality of first receptacle elements for engagement with the second locking element in the first

locked position.

43. The fluid treatment system defined in Claim 42, wherein the second locking element
comprises a plurality of tab elements for engagement with the plurality of first receptacle

elements in the first locked position.

44, The fluid treatment system according to any one of Claims 42-43, wherein the ring
element further comprises a plurality of second receptacle elements configured to allow
disengagement of the second locking element from the ring element in the second unlocked

position of the first locking element.

45.  The fluid treatment system defined in Claim 38, wherein the ring element comprises a
pair of opposed first receptacle elements for engagement with the second locking ¢lement in the

first locked position.

46.  The fluid treatment system defined in Claim 45, wherein the second locking element
comprises a pair of opposed tab elements for engagement with the pair of opposed first receptacle

elements in the first locked position.
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47. The fluid treatment system according to any one of Claims 45-46, wherein the ring
element further comprises a pair of opposed second receptacle element configured to allow
disengagement of the second locking element from the ring element in the second unlocked

position of the first locking element.

48,  The fluid treatment system defined in Claim 38, wherein the ring element comprises a
pair of diametrically opposed first receptacle elements for engagement with the second locking

element in the first locked position.

49, The ﬂuid treatment system defined in Claim 48, wherein the second locking element
comprises a pair of diametrically opposed tab elements for engagement with the pair of

diametrically opposed fitst receptacle elements in the first locked position.

50.  The fluid treatment system according to any one of Claims 48-49, wherein the -ring
element further comprises a pair of diametrically opposed second receptacle elements configured

to allow disengagement of the second locking element from the ring element in the second

unlocked position of the first locking element.

51 The fluid treatment system according to any one of Claims 38-50, wherein the first

. locking element further comprises a locking dial element secured to the ring.

52, The fluid treatment system defined in Claim 51, wherein the locking dial element

comprises a user actuation portion.

53, The fluid treatment system defined in Claim 52, wherein the first locking element further
comprises a first visual marker positioned substantially adjacent the user actuation portion when

the first locking element is in the first locked position.
54, The fluid treatment system defined in Claim 52, wherein the first locking element further

comprises a second visual marker positioned substantially adjacent the user actuation portion .

when the first locking element is in the second unlocked position,
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55.  The fluid treatment system according to any one of Claims 33-54, wherein the jamp
socket element comprises a first half of an electrical connector and the radiation source assembly
comprises a second half of an electrical connector, the first half and the second half configured

to make an electrical connection in the first position.

56. The fluid treatment system according to any one of Claims 33-54, wherein the lamp
socket element comprises a first half of an electrical connector and the radiation source assembly
comprises a second half of an electrical connector, the first half and the second half configured

to be electrically disconnected in the second position,

57.  The fluid treatment system according to any one of Claims 33-54, wherein the lamp
socket element comprises a first half of an electrical connector and the radiation source assembly
comprises a second half of an electrical connector, the first half and the second half configured
to: (i) make an electrical connection in the first position and (ii) be electrically disconnected in

the second position.

58. The fluid treatment system defined in Claim 57, wherein the clectrical connection
between the first half and the second half is in spaced relation with respect to the fluid treatment

chamber.

59. The fluid treatment system according to any one of Claims 33-58, further comprising a
biasing element disposed in the fluid treatment chamber, the biasing element configured to apply

a force on the elongate radiation source in a direction toward the lamp socket element.

60.  The fluid treatment system defined in Claim 59, wherein the biasing element is disposed
in distal portion of the fluid treatment chamber, the biasing element configured to apply a force

on a distal portion the ¢longate radiation source in a direction toward the lamp socket element.

61.  The fluid treatment system according to any one of Claims 59-60, wherein the biasing

element comprises a spring element.
62.  The fluid treatment system according to any one of Claims 59-60, wherein the biasing

element comprises a helical spring element.
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63. The fluid treatment system according to any one of Claims 61-62, wherein the Spring

element comprises a variable diameter.
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