
Modified Chaperonin 10 Field of the Invention The
present invention relates to chaperonin 10
polypeptides, and to nucleic acids encoding the same.
The present invention further relates to chaperonin 10
polypeptides displaying immunomodulatory activity, to
methods using the same and to compositions comprising
such polypeptides. Background Art Mammalian chaperonin
10 (Cpn10), also known as heat shock protein 10
(Hsp10) and early pregnancy factor (EPF), is typically
characterised a s a mitochondrial 'molecular
chaperone' protein involved in protein folding
together w th chaperonin 6 0 (Cpn60; Hsp60). Cpn10 and
Cpn60 are homologies of the bacterial proteins GroES
and GroEL respectively. GroES and Cpn10 each
oligomerise into seven member rings that bind a s a
lid onto a barrel-like structure comprising fourteen
GroEL o r seven Cpn60 molecules respectively, which
tether denatured proteins to the complex (Bukau and
Horwich, 1998, Cell 92:351-366; Harti and Hayer-Hartl,
2002, Science 295:1 852-1 858). Cpn10 proteins are
highly conserved across species, Human Cpn10 is 100%
identical to bovine Cpn10 and differs from rat Cpn10
at only a single amino acid position. Human Cpn10
shares 30% sequence identity (60% similarity) with
GroES from Escherichia coll As illustrated by the
heptameric crystal structure of  coli GroES (see
Figure 1A; Xu e t si, 1997, Nature 388:741-750).
Cpn10/ broES proteins are comprised of essentially
three different structural regions, a n anti-parallel
b-barreJ region which is flanked by a "roof b-hairpin
loop region and a "mobile loop" region. The mobile
loop region mediates interaction with Cpn60/GroEL and
is thus critical for the formation of the complex with
Cpn60/GroEL and for the 'molecular chaperone', protein
folding activity. However in addition to its
intracellular role a s a molecular cbapero pe, Crn10
is also frequently found a t the cell surface (see
Belles s t aL, 1999, Infect lmmun 67:4191-4200) and in
the extracellular fluid (see Shin e f aL, 2003, J BIoI
Chem 278:7607-7616) and is increasingly being
recognised a s a regulator of the immune response. For
example, Cpn10 has been demonstrated to have
immunosuppressive activity in experimental autoimmune
encephalomyelitis, delayed type hypersensitivity and
allograft rejection models (Zhang e t a/., 2003, J
Neurol Sc/212:3746; Morton et aL, 2000, Immunol Cell
Biol 78:603-607).The present inventors have also
recently demonstrated that Cpn10 can inhibit LPSi
pduced activation of NF-kB, reduce LPS-induced TNFa
and RANTES secretion and enhance IL-10 production in a
number of different human and murine in vitro systems
and murine disease models (Johnson e f a/., 2005, J
Biol Chem 280:4037-4047 and International Patent
Application No. PCT/AU2005/000041, the disclosure of
which is incorporated herein by reference), suggesting
that Cpn10 has considerable potential a s an '
irnmuno-therapeutic for the treatment of autoimmune
and inflammatory diseases. However the site(s) within
the Cpn10 molecule responsible for mediating this
immunomodulatory activity(ies) has remained elusive.
The present invention relates to modifications to the
Cpn10 molecules and the effect of these modifications
o n immunomodulatory activity, 



Summary of the Invention Accordingly, the present
invention provides Cpn10 polypeptides comprising one
or more amino acid substitutions, deletions and/or
additions compared to wild-type Cpn1Q, which
polypeptides display immunomodulatory activity.
According to a first aspect of the present invention
there is provided a n isolated Cpn10 polypeptide
possessing immunomodulatory activity but lacking, or
substantially lacking, protein folding activity.
According to a second aspect of the present invention
there is provided a n isolated Cpn10 polypeptide
having immunomodulatory activity, said polypeptide
comprising one or more amino acid substitutions,
deletions and/or additions in the mobile loop region
compared to a corresponding wild-type Cpn10
polypeptide. The Cpn10 polypeptide may display
Immunomodulatory activity a t least similar to the
level of Immunomodulatory activity of the
corresponding wild-type Cpn10 polypeptide. In one
embodiment, one or more residues of the IML tripeptide
of the mobile loop region of the Cpnio polypeptide may
be replaced with charged residues. In another
embodiment the Cpn10 polypeptide comprising the IML
tripeptide may be replaced with the tripeptide EEE.
The Cpn10 polypeptide comprising the EEE tripeptide
may be set forth in SEQ ID NO; 39. The Cpni 0
polypeptide may be encoded by the nucleotide sequence
a s set forth in SEQ ID NO:40. In yet another
embodiment the Cpn10 polypeptide comprising the IML
tripeptide may be replaced with the tripeptide III.
The Crn10 polypeptide comprising the IIIiripeptide may
be set forth in SEQ ID NO; 37. The Cpn1 0 polypeptide
may be encoded by the nucleotide sequence as set forth
in SEQ ID NO:38. In still yet another embodiment the
Cpn10 polypeptide comprising the IML tripeptide may be
replaced with the tripeptide IFI. The Cpn10
polypeptide comprising the IFI tripeptide may be set
forth in SEQ ID NO: 35. The Cpn10 polypeptide may be
encoded by the nucleotide sequence as set forth in SEQ
ID NO:36. According to a third aspect of the present
invention there is provided an isolated Cpn10
polypeptide having immunomodulatory activity, said
polypeptide substantially lacking the mobile loop
region of a corresponding wild-type Cpn10 polypeptide,
In one embodiment the Cpn10 polypeptide substantially
lacking the mobile loop region comprises the amino
acid sequence as set forth in SEQ ID N0:3 or 24. The
Cpn10 polypeptide substantially lacking the mobile
loop region may be encoded by the nucleotide sequence
as set forth in SEQ ID N0:4, 5 or 25. The Cpn10
polypeptide may display immunomodulatory activity at
least similar to the level of immunomodulatory
activity of the corresponding wild-type Crn10
polypeptide. According to a fourth aspect of the
present invention there is provided an isolated Cpn10
polypeptide having immunomodulatory activity, said
polypeptide comprising one or more amino acid
substitutions, deletions and/or additions in the roof
b-haif in region compared to a corresponding wild-type
Cpn10 polypeptide. The Cpn10 polypeptide may display
immunomodulatory activity at least similar to the
level of immunomodulatory activity of the
corresponding wild-type Cpn10 polypeptide. According
to a fifth aspect of the present invention there is
provided an isolated 



Cpn10 polypeptide having immunomodulatory activity,
said polypeptide substantially lacking the roof b-haif
in region of a corresponding wild-type Cpn10
polypeptide. In one embodiment the Crn10 polypeptide
substantially lacking the roof b-hairpin region (SEQ
ID N0:13) comprises the amino add sequence as set
forth in SEQ ID NQ:6 or 26. The Cpn10 polypeptide
substantially lacking the roof b-hairpin region may be
encoded by the nucleotide sequence as set forth in SEQ
ID N0:7, 8 or 27. The Cpp10 polypeptide may display
Immunomodulatory activity at least similar to the
level of Immunomodulatory activity of the
corresponding wild-type CpM Opolypeptide. According to
a sixth aspect of the present invention there is
provided an isolated Cpn10 polypeptide having
immunomodulatory activity, said polypeptide comprising
one or more amino acid substitutions, deletions and/or
additions in the mobile loop region and the roof
b-hairpin region compared to a corresponding wild-type
Crn10 polypeptide.According to a seventh aspect of the
present invention there is provided an isolated Cpn10
polypeptide, said polypeptide substantially lacking
both mobile loop region and the roof b-hairpin region
of the corresponding wild-type Cpn10 polypeptide. The
isolated Cpn10 polypeptide may display
immunomodulatory activity at least similar to the
level of immunomodulatory activity of the
corresponding wild-type Cpn10 polypeptide. In one
embodiment the Cpn10 polypeptide comprises the amino
acid sequence as set forth in SEQ ID NQ:9 or 28. The
Cpn10 polypeptide may be encoded by the nucleotide
sequence as set forth in SEQ ID NO:tO or 29. According
to an eighth aspect of the present invention there is
provided an isolated Cpn10 polypeptide having
immunomodulatory activity, said polypeptide comprising
a deletion of an extra N-termina! alanine residue
compared to a corresponding wild-type Crn10
polypeptide. The Cpn10 polypeptide may lack an acety]
group at the N terminus compared to the corresponding
wild-type Crn10 polypeptide. The Cpn10 polypeptide may
display a reduced level of immunomodulatory activity
when compared to the level of immunomodulatory
activity of the corresponding wild-type Cpn1 0
polypeptide. In one embodiment the Cpn10 polypeptide
comprising the deletion of the extra Nterminal alanine
residue may comprise the amino acid sequence as set
forth in SEQ ID NO:23. The Cpp10 polypeptide
comprising the deletion of the extra N-termina!
alanine residue may be encoded by the nucleotide
sequence as set forth in SEQ ID N0:44. According to a
ninth aspect of the present invention there is
provided an isolated Cpn10 polypeptide having
immunomodulatory activity, wherein the N terminus of
the Cpn10 polypeptide is substantially replaced with a
bacterial Cpn10 N terminus. The bacterial Crn10 may be
QroES. The Cpn10 polypeptide may display a reduced
level of immunomodulatory activity when compared to
the level of immunomodulatory activity of the
corresponding wild-type Cpn10 polypeptide. In one
embodiment the Cpp10 polypeptide may comprise the
amino acid sequence as set forth in SEQ ID N0:14. The
CpMO polypeptide may be encoded by the nucleotide
sequence as set forth in SEQ ID NO:43. 



According to a tenth aspect of the present invention
there is provided an isolated Cpn10 polypeptide having
immunomodulatory activity, wherein a glycine residue
replacesan extra N terminal alanine residue of the
Cpn10 polypeptide as compared to a corresponding
wild-type Cpn10 polypeptide. The Cpn10 polypeptide may
display a reduced level of immunomodulatory activity
when compared to the level of immunomodulatory
activity of the corresponding wild-type Cpp10
polypeptide. In one embodiment the Cpn10 polypeptide
may comprise the amino acid sequence as set forth in
SEQ ID NO:30. Trie Cpn10 polypeptide may be encoded by
the nucleotide sequence as set forth in SEQ ID N0:31 .
According to an eleventh aspect of the present
invention there is provided an isolated nucleic acid
encoding a Cpni Opolypeptide according to any one of
the first to the tenth aspects. . According to a
twelfth aspect of the present invention there Is
provided an expression construct comprising a nucleic
acid according to the eleventh aspect operablylinked
to one or more regulatory sequences. According to a
thirteenth aspect of the present invention there is
provided a host cell expressing a polypeptide of any
one of the first to tenth aspects, or comprising a
nucleic acid of the eleventh aspect or an expression
construct of the ninth aspect. According to a
fourteenth aspect of the present invention there is
provided an antibody that selectively binds to a
polypeptide of any one of the first to the tenth
aspects. . According to a fifteenth aspect of the
present invention there is provided a pharmaceutical
composition comprising a polypeptide of any one of the
first to the tenth aspects, a nucleic acid of the
eleventh, an expression construct of the twelfth
aspect or an antibody of the fourteenth aspect. The
pharmaceutical composition may comprise one or more
additional agents. For example, for the treatment of
multiple sclerosis the composition may further
comprise an effective amount of IFNb. According to a
sixteenth aspect of the present Invention there Is
provided a method of treating a subject, including the
step of administering to said subject an effective
amount of a Cpn10 polypeptide of any one of the first
to the tenth aspects or a nucleic acid of the eleventh
aspect. The treatment may modulate the immune response
in the subject. The immune response may be modulated
via modulation of Toll-like receptor signalling.
According to a seventeenth aspect of the present
invention there is provided a method for treating or
preventing a disease or condition in a subject, the
method(b) assaying for activity of said polypeptide.
Assaying for activity of the polypeptide may comprise
adding a labelled substrate and measuring a change in
the labelled substrate. The invention also
contemplates variants, derivatives, homolsgues,
analogues and fragments of the modified Cpn10
polypeptides and polynucleotides according to tie
above aspects and embodiments. According to the above
aspects and embodiments the Cpn10 polypeptides and
polynucleotides may be derived from any animal, may be
generated using recombinant 



DMA technologies or may be synthetically produced.
Typically the Cpp10 is a eukaryotic Cpn10. According
to the above aspects the wild type Cpn10 polypeptide
may be a human Cpn10 polypeptide comprising the amino
acid sequence as set forth in SEQ ID N0:1 or 21.
According to the above aspects the wild type Cpn10
polypeptide may be encoded by the nucleotide sequence
as set forth in SEQ ID N0:2 or 22, According to the
above aspects and embodiments the immunomodulatory
activity of a Cpn10 polypeptide may involve generation
of heptamers of the polypeptide. Definitions In the
context of this specification, the term "comprising"
means "including principally, but not necessarily
solely". Furthermore, variations of the word
"comprising", such as "comprise" and "comprises", have
correspondingly varied meanings. The term "wild-type"
as used herein in relation to Cpn10 polypeptides
includes polypeptides in their native or non-native
form. For example, native human Cpn10 is acetylated at
its N-terminus; the present invention contemplates,
within the scope of the term wild-type, polypeptides
acetylated or non-acetylated. Further, wild type Cpn10
polypeptides may comprise an additional alanine (A)
reside at the N-terminus (WO 2004/041300, the
disclosure of which is incorporated herein by
reference). The term "polypeptide" means a polymer
made up of amino acids linked together by peptide
bonds. The terms "polypeptide" and "protein" are used
interchangeably herein, although for the purposes of
the present invention a "polypeptide* may constitute a
portion of a full length protein. The term
"polynucleotide" as used herein refers to a single- or
double- stranded polymer of deoxyribonucleotide,
ribonucleotide bases or known analogues of
naturalcomprising administering to the subject an
effective amount of a Cpn10 polypeptide of any one of
the first to the tenth aspects or a nucleic acid of
the eleventh aspect. The disease, disorder or
condition may be selected from acute or chronic
inflammatory diseases, asthma, allergy, multiple
sclerosis, GVHD, or an infectious disease. The
infectious disease may result from a bacterial or
viral infection. The bacteria may be a Gram negative
bacteria. According to a eighteenth aspect of the
present invention there is provided a method for
modulating TLR4 signalling in a subject, or in at
least one cell, tissue or organ thereof, the method
comprising administering an effective amount of a
Cpn10 polypeptide of any one of the first to the tenth
aspects or a nucleic acid of the eleventh aspect.
Typically the Cpn10 regulates agonist-induced TLR4
signalling. According to a nineteenth aspect of the
present invention there is provided a method for
modulating the production and/or secretion of one or
more immunomodulators in a subject, or at least one
cell, tissue or organ thereof, the method comprising
administering a n effective amount of a Cpn10
polypeptide of any one of the first to the tenth
aspects or a nucleic acid of the eleventh aspect. The
Cpn10 may modulate signalling from TLR4. The
immunomodulator may be a pro-inflammatory cytokine or
chemokine or an anti 



inflammatory cytokine or chemokine. The cytokine or
chemokine may be selected from TNF-a, IL-6, RANTES,
1L-10, TGF-b or a type i interferon. The type I
interferon may be IFNaorlFN b. According to a
twentieth aspect of the present invention there is
provided a method of identifying a compound that binds
to a polypeptide of any one of the first to the tenth
aspects, the method comprising the steps of: (a)
contacting a candidate compound with said polypeptide;
and (b) assaying for the formation of a complex
between the candidate compound and said polypeptide.
The assay for the formation of a complex may be a
competitive binding assay or a two-hybrid assay.
According to a twenty-first aspect of the present
invention there is provided a method of screening for
a compound that modulates the activity of a
polypeptide of any one of the first to the tenth
aspect, the method comprising the steps of: (a)
contacting said polypeptide with a candidate compound
under conditions suitable to enable interaction of
said candidate compound to eaid polypeptide;
andnucleotides, or mixtures thereof. The tern includes
reference to the specified sequence a s well as to the
sequence complimentary thereto, unless otherwise
indicated. The terms "polynucleotide" and "nucleic
acid" are used interchangeably herein. The term
"isolated" means that the molecule in question has
been removed from its natural environment or host, and
associated impurities reduced or eliminated such that
the molecule in question is the predominant species
present (ie., on a molar basis it is more abundant
than any other individual species in the
composition/sample). Typically a substantially
purified fraction is a composition wherein the object
species comprises at least about 30 percent (on a
molar basis) of all macromolecular species present,
Generally, a substantially pure composition will
comprise more than about 80 to 90 percent of all
macromolecular species present in the composition.
Most typically, the object species is purified to
essential homogeneity (contaminant species cannot be
detected in the composition by conventional detection
methods) wherein the composition consists essentially
of a single macromotecular species. As used herein the
term "substantially" means the majority but not
necessarily all, and thus in relation to a modified
polypeptide "substantially" lacking a component region
of a corresponding wild-type polypeptide, the modified
polypeptide may retain a portion of that component
region. For example, a modified polypeptide
"substantially* lacking a component region of a
corresponding wild-type polypeptide may retain
approximately 50 percent or less of the sequence of
the component region, although typically the component
region is rendered structurally and/or functionally
inactive by virtue of the proportion of the sequences
of the region omitted. The term "conservative amino
acid substitution" a s used herein refers to a
substitution or replacement of one amino acid for
another amino acid with similar properties within a
polypeptide chain (primary sequence of a protein). For
example, the substitution of the charged amino acid
glutamic acid (GIu) for the similarly charged amino
acid aspartic acid (Asp) would be a conservative amino
acid substitution. 



As used herein the terms "treatment", "treating" and
variations thereof, refer to any and all uses which
remedy a disease state or symptoms, prevent the
establishment of disease, or otherwise prevent,
hinder, retard, or reverse the progression of disease
or other undesirable symptoms in any way whatsoever.
As used herein the term "effective amount* includes
within its meaning a non-toxic but sufficient amount
of an agent or compound to provide the desired
therapeutic or prophylactic effect. The exact amount
required wilt vary from subject to subject dependingon
factors such as the species being treated, the age and
general condition of the subject, the severity of the
condition being treated, the particular agent being
administered and the mode of administration and so
forth. Thus, it is not possible to specify an exact
"effective amount", However, for any given case, an
appropriate "effective amount" may be determined by
one of ordinary skill in the art using only routine
experimentation. As used herein the terms
"modulating", "modulates" and variations thereof refer
to increasing or decreasing the level of activity,
production, secretion or functioning of a molecule in
the presence of a particular molecule or agent of the
invention compared to the level of activity,
production, secretion or other functioning thereof in
the absence of the molecule or agent. These terms do
not imply quantification of the increase or decrease.
The modulation may be of any magnitude sufficient to
produce the desired result and may be direct or
indirect. Brief Description of the Drawings . Figure
1. A. Crystal structure of  coll Cpn10 (GroES) showing
the anti-parallel b- barrel, the "roof (5-hairpin loop
and mobile loop regions. Cpn10 is comprised of seven
identical 10kDa subunits. B. Amino acid sequence of
wild-type human Cpn10 monomer. Predicted 18 amino acid
mobile loop in bold, italic. Predicted 14 amino acid
roof b-hairpin in bold, underline. Figure 2. Effect of
Human Ala-Cpn10 and E.coli GroES on TLR4 signaling.
Doseresponsive inhibition of LPS-induced HIV-LTR
activation (an indirect measure of NFKB activity) by
human A!a-Cpn10 (batch CH001) but not E.coli GroES.
Panel B show the results from panel A as percent
inhibition of luc'rferase activity (NFKB activity)
relative to the levels of luciferase produced with LPS
alone. The LPS alone samples are the mean of 4
replicates, all other samples are the mean of 2
replicates. RLU = relative light units. NFKB activity
was induced with 5ng/ml Lipopolysaccharide (LPS).
Figure 3. SDS-PAGE gels. Lane assignments for gels A
to O, except H: lane 1, molecular weight markers
(kDa); lanes 2 to 6, 60mg, 6mg, 3mg, 1.2ug and 0.3mg
of Cpn10 respectively A. 4-12% SDS-PAGE gel stained
with Coomassie brilliant blue of purified AIa- Cpn10
(CH001); B. 4-12% SDS-PAGE gel stained with Coomassie
brilliant blue of purified Ala-Cpn10 (CH003); C. 4-12%
SDS-PAGE gel stained with Coomassie brilliant blue of
purified Ala-Cpn10-EEE-cHis; D. 4-12% SDS-PAGE gel
stained with Coomassie brilliant blue of purified
Ala-Cpn1Q-cHis; E. 4-12% SDS-PAGE gel stained with
Coomassie brilliant blue of purified Ala-CppiO-lFl; F.
4-12% SDS-PAGE gel stained with Coomassie
brilliantblue of purified Ala-Cpn10-III; Q. 4-12%
SDS-PAGE gel stained with Coomassie brilliant blue cf
purified Ala-Cpp10-LmI; H. Partial glutaraldehyde
cross-linking of Cpn10-Dml (lane 2) shows 7 distinct
bands on silver stained 4-12% SDS-PAGE gel, revealing
the heptameric structure of the molecule. Lane 1,
molecular weight markers (kDa). 1. 4-12% 



SDS-PAGE gel stained with Coomassie brilliant blue of
purified Ala-Cpn10- Droof. J. 4- 12% SDS-PAQE gel
stained with Coomassie brilliant blue of purified
Ala-Cpn10- b-barrel. K. 4-12% SDS-PAGE gel stained
with Coomassie brilliant blue of purified E.coli
GroES; L. 4-12% SDS-PAGE gel stained with Coomassie
brilliant blue of purified Cpn10-NtermES; M . 4-12%
SDS-PAGE gel stained with Coomassie brilliant blue of
purified E.coli GroES; N: 4-12% SDS-PAGE gel stained
with Coomassie brilliant blue of purified 6ly-Cpn10.
Figure 4. Effect of Ala-Crn10, Ala-Cpn1 G-III,
Ala-Cpn10-IR, Ala-Cpn10-EEE-cHis and Ala-Cpn10-cHis on
TLR4 signalling. Dose-responsive inhibition of
LPS-induced HlVLTR activation by human Ala-Cpn10
(batch CH001), Ala-Cpn10 C-terminal hexahistidine tag
(Ala-Cpn10-cHis) and numerous mobile loop mutants,
Panels B,D,F,H show the results from panels A,C,E,G as
percent inhibition of Iuciferase activity (NFKB
activity) relative to the levels of Iuciferase
produced with LPS alone. The LPS alone samples are the
mean of 4 replicates, all other samples are the mean
of 2 replicates. RLU = relative light units. NFKB
activity was induced with 5ng/ml Lipopolysaccharide
(LPS). Figure 5. Effect of Ala-Cpn10 and Ala-Cpn10Dml
on TLR4 signalling. Doseresponsive inhibition of
LPS-induced HIV-LTR activation by human Ala-Crn10
(batch CH001) and Ala-Cpn10-Dml. Panel B shows the
results from panel A as percent inhibition of
Iuciferase activity (NFKB activity) relative to the
levels of Iuciferase produced with LPS alone. The LPS
alone samples are the mean of 4 replicates, all other
samples are the mean of 2 replicates. RLU = relative
light units. NFKB activity was induced with 5ng/ml
Lipopolysaccharide (LPS). Figure 6. Effect of
AIa-Cpn10 and Ala-Cpn10Droof and E. coli GroES on TLR4
signalling, Dose-responsive inhibition of LPS-induced
HIV-LTR activation by human AIa- Cpn10 (batch CH001)
and Ala-Cpn10-Droof. Panel B shows the results from
panel A as percent inhibition of Iuciferase activity
(NFKB activity) relative to the levels of iuciferase
produced with LPS alone. The LPS alone samples are the
mean of 6 replicates, all other samples are the mean
of 2 replicates. CPS - relative counts per seconds.
NFKB activity was induced with 5ng/ml
Lipopolysaccharide (LPS). Figure 7. Effect of
Ala-Cpn10 and Ala-Cpn10-b-barrel on TLR4 signalling.
Doseresponsive inhibition of LPS-induced HIV-LTR
activation by human Ala-Cpn10 (batchCH001) and
Ala-Cpn10-b-barrel. Panel B shows the results from
panel A as percent inhibition of luclferase activity
(NFKB activity) relative to the levels of lueiferase
produced with LPS alone. The LPS alone samples are the
mean of 6 replicates, all other samples are the mean
of 2 replicates. CPS = relative counts per seconds.
NFKB activity was induced with 5ng/ml
Lipopolysaccharide (LPS). Figure 8. Effect of
A!a-Cpn10 and Crn10-NtermES on TLR4 signalling.
Doseresponsive inhibition of LPS-induced HIV-LTR
activation by human wild-type Crn10 (batch CH001) but
not Cpn10-NtermES. Panel B shows the results from
panel A as percent inhibition of lueiferase activity
(NFKB activity) relative to the levels of lueiferase
produced with LPS atone. The LPS alone samples are the
mean of 6 replicates, all other samples are the mean
of 2 replicates. CPS = relative counts per seconds; SD
s standard deviation. NFKB activity was induced with
6ng/ml Lipopolysaccharide (LPS). Figure 9. Effect of
Ala-Cpn10 and X-Cpn10 on TLR4 signalling.
Dose-responsive 



inhibition of LPS-induced HIV-LTR activation by human
Ala-Cpn10 (batch CH003) and XCpn10. Panel B shows the
results from panel A as percent inhibition of
lueiferase activity (NFKB activity) relative to the
levels of lueiferase produced with LPS alone, The LPS
alone samples are the mean of 6 replicates, all other
samples are the mean of -2 replicates. CPS = relative
counts per seconds, NFKB activity was induced with
5ng/ml Lipopolysaccharide (LPS). Figure 10. Effect of
Ala-Crn10 and Gty-Cpn10 on TLR4 signalling.
Doseresponsive inhibition of LPS-induced HlV-LTR
activation by human A!a-Cpn10 (batch CH003) and
Gly-Cpn10. Panel B shows the results from panel A as
percent inhibition of lueiferase activity (NFKB
activity) relative to the levels of lueiferase
produced with LPS alone. The LPS aione samples are the
mean of 6 replicates, all other samples are the mean
of 2 replicates. CPS = relative counts per seconds.
NFKB activity was induced with 5ng/ml
Lipopolysaccharide (LPS). Figure 11. Effect of
Ala-Cpn10 and Ala-Cpn10-Dml on TLR4 signalling.
Doseresponsive inhibition of LPS-induced HIV-LTR
activation by human Ala-Cpn10 (batch CH003) and
Ala-Cpn10-Dml. Panel B shows the results from panel A
as percent inhibition of lueiferase activity (NFKB
activity) relative to the levels of luclferase
produced with LPS aione. The LPS alone samples are the
mean of 6 replicates, all other samples are the mean
of 2 replicates. CPS = relative counts per seconds.
NFKB activity was induced with 5ng/ml Ultra-Pure
Lipopolysaccharide (LPS).Figure 12. Effect of
Ala-Crn10 and Ala-Cpn10-Droof on TLR4 signalling.
Doseresponsive inhibition of LPS-induced HIV-LTR
activation by human Ala-Cpn10 (batch CH003) and
Ala-Cpn10-Droof. Panel B shows the results from panel
A as percent inhibition of luciferase activity (NFKB
activity) relative to the levels of luciferase
produced with LPS atone, The LPS alone samples are the
mean of 6 replicates, all other samples are the mean
of 2 replicates. CPS = relative counts per seconds,
NFKB activity was induced with 5ng/ml Ultra-Pure
Lipopolysaccharide (LPS). Figure 13. Effect of
Ala-Cpn10 and Ala-Cpn 10-b-barrel on TLR4 signalling.
Doseresponsive inhibition of LPS-induced HIV-LTR
activation by human Ala-Cpn10 (batch CH003) and
Ala-Cpn1 0-b-barrel. Panel B shows the results from
panel A as percent inhibition of luciferase activity
(NFKB activity) relative to the levels of luciferase
produced with LPS alone. The LPS alone samples are the
mean of 6 replicates, all other samples are the mean
of 2 replicates, CPS = relative counts per seconds.
NFKB activity was induced with 5ng/ml Ultra-Pure
Lipopolysaccharide (LPS). Figure 14. Effect of
Ala-Crn10 and Gly-Crn10 on TLR4 signalling,
Doseresponsive inhibition of LPS-induced HlV-LTR
activation by human Ala-Cpn10 (batch CH003) and
Gly-Cpn10. Panel B shows the results from panel A as
percent inhibition of luciferase activity (NFKB
activity) relative to the levels of luciferase
produced with LPS alone. The LPS alone samples are the
mean of 6 replicates, all other samples are the mean
of 2 replicates. CPS = relative counts per seconds.
NFKB activity was induced with 5ng/ml Ultra-Pure
Lipopolysaccharide (LPS), Figure 15. Cpn10 activity in
a murine inflammatory model of endotoxaemia. Cpn10 and
Cpn10 variants reduced LPS-induced serum TNF-a, IL-10
and IL-6 production. Sera 



from IPS challenged' (see Table 1, groups 1, 3, 5, 7,
9 and 11) or "saline control'(see Table 1, groups 2,
4, 6, 8, 10 and 12) mice were analysed for
inflammatory-associated cytokines using CBA (see
Methods). The levels of A, B) TNF- a, C, D) IL-6, and
E, F) IL- 10 cytokines were plotted with the mean of
each group displayed (horizontal bar). 1-way ANOVA
analysis with Tukeys post-hoc test was performed for
each data set. Statistical significance in the data is
indicated in brackets (p<0.05) (see text for details).
Figure 17. Diagram of the N terminus of Acetyl-Cpni 0,
Ala-Cpn1 0 and Gly-Cpn1 0.Sequence References Table 1,
The reference table below provides nomenclature of
Cpn10 polypeptides used throughout this specification.
This table contains descriptions of features of Cpn10
polypeptides disclosed herein and their corresponding
amino acid and nucleic acid sequence ID
numbers.WATERTREATMENTAPPARATUS Technical Field. This
invention relates to water treatment apparatus which
is particularly suited for treating water for the
purposes of purifying, cleaning or otherwise removing
impurities or contaminants in the water. The apparatus
of the present invention is particularly suited to
treatment of grey water, drinking water, swimming pool
water, water from aquaculture systems, sewerage water,
and water from vehicle washing apparatus which contain
soap and detergent suds and other contaminants, The
present invention may also be applied to the removal
of salt from salt water to provided drinking or
potable water in a desalination process. Background
Art The treating of water for the purposes of
purifying the water or removing contaminants from
water has become an increasing problem to growing
communities where increasing volumes of effluent or
contaminated water is generated. Contaminated water
can be generated in domestic, commercial and
agricultural situations. Often such water receives
primary treatment and is then simply left in settling
ponds where solids settle out. With water shortages it
is highly desirable that the contaminated water be
treated so as to enable it to be reused or recycled
Automated and non-automated vehicle washing apparatus
use considerable quantities of water in washing
vehicles. Water which is used in the vehicle washing
process can be contaminated with soap and detergent
suds used in the washing process as well as grease,
oil, brake pad dust, road grime and other
contaminants. Furthermore, a considerable volume of
water is used in the washing process which is
obviously undesirable from the point of view of water
conservation, It would be desirable therefore to have
an effective means for re-using or re-cycling water
used in vehicle washing apparatus for the purposes of
conserving water. Difficulties however are encountered
in reusing water from vehicle washing apparatus
because of the contaminants in the water used in tho
washing process, Summary of the Invention The present
invention aims to provide improved water purification
or treatment apparatus for purifying and/or removing
particles, and/or contaminants suspended or dissolved
in water. The apparatus of the invention may be used
independently or be 



combined with other water treatment apparatus such as
a screen or drum filter and an ultraviolet light
treatment unit for water treatment purposes. The
apparatus of thepresent invention may be used for
treating water in many different applications as well
as for treating salt water for the purposes of removal
of salts or other dissolved chemicals in salt water.
Other objects and advantages of the invention will
become apparent from the following description. The
present invention thus provides in one preferred
aspect, water purification or treatment apparatus
including a plurality of elongated water treatment
chambers, each said chamber being normally oriented in
a substantially vertical attitude, means
interconnecting said chambers whereby water to be
treated flows in series through the respective said
chambers, means for supplying a gas to the respective
said chambers for bubbling upwardly through water
flowing in. said chambers and creating a foam at the
upper surface of water in said chambers and means for
collecting said foam. Preferably water is supplied to
said chambers to flow downwardly through the
respective said chambers. Preferably an inlet for
water to-be treated is provided at an upper region of
each chamber. Each chamber suitably also includes an
outlet for water at a lower region thereof. Preferably
the outlet of one chamber is connected to the inlet of
an adjacent chamber such that water flows sequentially
from one chamber to the adjacent chamber. An inlet may
be defined in or by an upper end of a chamber. The
outlet may also be defined in or by a lower end of the
chamber. The gas most suitably comprises ozone or
ozone enriched air but may comprise another gas or
combination of gases. Ozone may be generated by
ultraviolet Jamps located in housings through which an
oxygen containing gas is pumped The term "water" as
used throughout the specification includes
contaminated water or any other water or liquid
carrying impurities or solids including salt water. In
one form the foam collecting means comprise foam
passages extending upwardly from the upper ends of the
respective chambers. As the foam collecting passage
extends upwardly from the water flow passage, water
condensing from the foam in the foam collecting
passage will fall under the influence of gravity back
towards the water flow passage for further treatment
by exposure to bubbles of gas. Alternatively the foam
passages .may.include a trap or traps to prevent foam
passing back into the chambers, The trap or traps may
be in the form of an inverted U-shaped member or
members or other means to direct the foam at the upper
ends of the chambers downwardly away from the
chambers. The foam passages may be connected tg a
common foam waste passage orpassages for receiving
foam from the foam passages and for directing the foam
to waste or for further processing and treatment. The
common foam waste passage suitably extends
transversely of the water treatment chambers. The foam
waste passage in one form is substantially horizontal.
In another form, the foam waste passage is inclined
upwardly from the horizontal from the leading chamber
towards the trailing chamber. In a particularly
preferred form however, the foam waste collecting
passage is inclined downwardly from the horizontal
from the leading chamber towards the trailing chamber.
This ensures that foam in the successive trailing
chambers which usually rises to 



successively lower levels from the leading chamber can
be collected. In an alternative or additional
configuration, the foam passages may be of different
cross sections. In a particularly preferred form, the
successive foam passages are of reducing cross
section. The common foam waste passage may be located
above the water treatment chambers or disposed below
the upper ends of the respective chambers. The foam
from the common foam waste passage may be received in
a holding container in which water is condensed and
which may be directed back to the water treatment
apparatus for further treatment. The holding container
may have an outlet at its lower end through which
solids may be released. The outlet may be a
valvecontrolled outlet. The container may also include
a foam inlet at its upper end and a water outlet at
its lower end for outward flow of condensing water.
Means may be provided to direct air or a spray of
water or liquid over the foam in the container to
break down the foam. In another form, the holding
container may have a rotatable drum which reduces the
foam to water liquid. The drum may have a perforated
wall through which the water or liquid may pass and an
inlet may direct foam to be treated to the interior of
the drum. The inlet is preferably arranged along or in
alignment with the axis of rotation of the drum. In
yet another form the holding container may include
means to reduce the volume of the foam in the
container. Such means may comprise a heating element
or alternatively a microwave emitter or ultrasonic
vibrator. Preferably the means for supplying ga$ to
the chambers comprises one or more gas outlets at the
lower end of the chambers. The gas outlet or outlets
means may comprise one or more air stones, a gas
permeable pipe or pipes, a diffuser or diffusers or
other form of Outlet. Contaminants or solids in a
chamber will be conveyed by bubbles of gas to the
upper end of the chamber where the foam is formed and
passes up the foam passage for collection and
direction to the common foam waste passage.
Alternatively,impurities in the water such as heavy
metals may be broken down by the gas typically ozone
bubbling through the water in the chamber. Preferable
the water treatment apparatus includes return passages
connected to the water treatment chambers for
conveying water to be treated between the respective
chambers- A return passage may be connected to an
outlet at a lower end of one chamber and extend
upwardly therefrom such that water flows in the return
passage in a direction opposite the flow in the
chamber. The return passage may have a flow
crosssection the same as or less than the flow
cross-section of the chambers. The return passages may
be substantially parallel to the chambers or angled to
the chambers, A gas outlet or outlets is/are may be
provided for supplying gas to the lower end of the
return passage for bubbling through water flowing in
the return passage. Preferably the bubbles in the
return passage move in the same direction as water
flowing through the return passage to assist by an air
lift or venturi effect in water flow through the
return passages. The gas outlet for supplying gas to
the return passage may comprise a gas inlet or nozzle.
The chambers and return passages may be defined by
first and second pipes. The first and second pipes may
be connected by pipe connectors forming a U-connection



between the pipes. The U-connectors may comprise two
ninety-degree pipe connectors. Alternatively the first
and second passages may be defined by a single pipe
bent 180 degrees to form two pipe sections defining
the respective passages. Alternatively, the first and
second pipes may be connected through a manifold
located at the lower end of the first and second
pipes. The term "pipe" as used throughout the
specification includes any elongated hollow member
defining a flow passage of any cross section. Where
the first and second pipes are connected to a common
manifold, the means for supplying gas to the first and
second pipes may comprise gas outlets or nozzles
provided in the common chamber. The collecting means
for receiving foam .may be defined by a further pipe
or pipe connectors. Preferably the further pipe is
connected directly or indirectly to the upper end of
the first pipe. The further pipe may be connected to
the upper end of the first pipe by any suitable pipe
connector or connectors. Alternatively a further
manifold may be provided at and connected to the upper
end of the first pipe and the farther pipe for foam
may be connected to the further manifold to receive
foam collecting in the further manifold.In a
particularly preferred form, the water treatment
apparatus includes a plurality of sets of first and
second pipes arranged in series. Preferably the upper
end of the second pipe of one set of pipes is
connected directly or indirectly to the upper end of
the first pipe of the next set of pipes, The pipes are
suitably arranged substantially parallel to each
other. The manifolds which provide communication
between the respective pipes may comprise tubular
manifolds divided by barriers into respective chambers
which communicate with respective pipes. The water
treatment apparatus may be connected to an ultraviolet
treatment unit. The ultraviolet treatment unit may
comprise an upright passage in which an ultraviolet
lamp or lamps is/are located. The upright passage may
also be defined by a pipe which houses the ultraviolet
lamp or lamps. A pair of passages may be located
adjacent to each other and connected at their lower
end so as to be of a U-shaped configuration. Inlets
for water to be treated may be provided at the upper
ends of the passages. A common outlet from the
ultraviolet treatment unit suitably communicates with
the lower ends of the passages and suitably to the
connection between the lower ends of the passages The
present invention provides in another preferred
aspect, water purification or treatment assembly
including a de-foaming unit, and an ozone contacting
unit, each said unit comprising water treatment
apparatus of the above described type, and means for
causing water to be treated to pass through said
defoarnipg unit and said ozone contacting unit. Water
to be treated may be supplied from a holding tank
initially to the defoaming unit for foam removal after
which it is returned to the or a further holding tank.
Water from the or further holding tank is then
supplied to the ozone-contacting unit for subjecting
the water to ozone, Preferably the outlet of the
ozone-contacting unit is connected to an ultraviolet
treatment unit for exposing the water to ultraviolet
light. The outlet of the -ultraviolet 



treatment unit may be connected to a screen filtering
unit. The defoaming unit and ozone treatment unit may
be comprised of one or more modules and suitably a
pair of modules arranged in parallel. Each module
suitably includes one or more water treatment
apparatuses of the above described type suitably
arranged in series. Preferably means are provided to
add a foaming agent to water being treated such as
water supplied to the inlet to assist in removing
impurities from the water such as heavy metals. The
foaming agent may comprise an environmentally
friendlydetergent or any frothable agent such as
molasses. Adding such a foaming agent to in water to
be treated creates a foam which will carry heavy
metals upwardly through the pipes for collection in
the waste or foam pipes which are directed to waste.
The present invention provides in other preferred
aspect, water treatment apparatus including a first
water flow passage, said passage being normally
oriented in a substantially vertical attitude, means
for supplying water to be treated to said passage for
flow of water in a first direction along said passage
towards one end of said passage, means for supplying a
ga$ to said passage for. bubbling through said water
flowing in said passage and a waste collector for
collecting waste at an upper end of said passage.
Preferably the means for supplying gas to the water
flow passage comprises one or more gas outlets at the
lower end of the passage. The gas outlet or outlets
may comprise one or more air stones, a gas permeable
pipe or pipes or other form of outlet. Contaminants or
solids in the first passage including heavy metals may
be conveyed by bubbles of gas to the upper end of the
first passage. Alternatively, impurities in the water
such as heavy metals may be broken down by the gas
typically ozone bubbling through the water in the
first passage. Any waste carried by the bubbles to the
upper end of the passage passes into the waste
collector. Preferably, the water flows from the upper
end towards a lower end of the first passage and the
bubbles flow from the lower end towards the upper end
of the first passage. Preferable the apparatus
includes at least one second water passage connected
to the first water passage. The at least one second
water passage may be connected directly or indirectly
to the lower end of the first water passage and extend
upwardly therefrom such that water flows in the second
passage in a direction opposite the first passage. The
at least one second passage may have a flow
cross-section less than the flow crosssection of the
first passage, Suitably the at least one second
passage is substantially parallel to the first
passage. More than one second passage may be provided.
A gas outlet or outlets is/are also suitably provided
for supplying gas to the lower . end of the at least
one second passage for bubbling through water flowing
in the second passage. Preferably the bubbles in the
second passage move in the same direction as water
flowing through the second passage to assist by an air
lift or air pump principle water flow through the at
least one second passage. As an alternative an air or
liquid pump may be associated with the at least one
second passage for pumping liquid through the at least
one second passage.The waste collector for receiving
waste may be defined by a further pipe or pipe
connector. Preferably the further pipe or pipe
connector is connected directly or 



indirectly to the upper end of the first pipe, A
further chamber may be provided at and connected to
the upper end of the first pipe and the further pipe
or pipe connector for waste may be connected to the
further chamber to receive wastes carried upwardly to
the further chamber. An inlet for water to be treated
may be connected to the further chamber. The further
pipe or pipe connector may comprise a U-shaped pipe or
connector. In a particularly preferred form, the water
treatment apparatus may include a plurality of sets of
first and at least one second passage arranged in
series. Preferably the upper end of the at least one
second passage of one set of passages is connected
directly or indirectly to the upper end of the first
passage of the next set of passage. The passages of
the respective sets arc suitably arranged
substantially parallel to each other. The upper ends
of the respective passages may be connected through a
common chamber. Brief Description of the Drawings In
order that the invention may be more readily
understood and put into practical effect reference
will now be may to the accompanying drawings which
illustrate preferred embodiments of the invention and
wherein: Fig. I is an isometric view of water
treatment apparatus according to a first embodiment of
the invention; Figs. 2, 3, and 4 are top, side and end
views of the apparatus of Fig. 1; Fig. 5 is a
sectional view along line A-A of Fig. 2; Fig. 6 (a),
(b), (c), and (d) illustrate in perspective, top and
different side views an alternative water treatment
apparatus according to another embodiment of the
invention; Fig. 7 (a), (b), (c), and (d) illustrate in
perspective, top and side and end views an alternative
water treatment apparatus according to another
embodiment of the invention; Fig. 8 (a), (b), (c), and
(d) illustrate in perspective, top, side and end views
an alternative water treatment apparatus according to
another embodiment of the invention; Fig. 9 (a), (b),
(c), and (d) illustrate in opposite perspective, top,
side and end views an alternative water treatment
apparatus according to another embodiment of the
invention: Fig. 10 (a), (b), (c), and (d) illustrate
in perspective, top, side and end views analternative
water treatment apparatus according to another
embodiment of the invention; Fig. 11 is a perspective
view of an alternative water treatment apparatus
according to the invention; Figs. 12, 13, and 14 are
top, end and side views of the apparatus of Fig. 11;
Fig. 15 is a sectional view along line B-B of Fig. 12;
Fig. 16 (a), (b), (c), and (d) illustrate in views
corresponding to Figs. .1 1 to 1.4, a further water
treatment apparatus according to the invention; Fig.
17 (a), (b), (c), and (d) illustrate in views
corresponding to Figs. 11 to 14 yet an alternative
apparatus according to the invention; Fig, 18 (a),
(b), (c), (d) and (e) illustrate in opposite
perspective, top, side and end views a water treatment
installation including further water treatment
apparatus. 



Fig. 19 is an isometric view of water treatment
apparatus according to another embodiment of the
invention; Figs. 20 (a), (b) and (c) are top, side and
end views of the apparatus of Fig. 19; Fig. 2 1 is an
isometric view of water treatment apparatus according
to a further embodiment of the invention; Figs. 22
(a), (b) and (c) are top, side and end views of the
apparatus of Fig 21; Fig. 23 i$ an i$otp etric view of
water treatment apparatus according to a further
embodim ent of the invention; Figs. 24 (a) and (b)
side and end views of the apparatus of Fig. 23; Fig.
25 is top view of the apparatus of Fig. 23; Fig. 26 is
a sectional view along line A-A of Fig, 25; Fig. 27 is
an isometric view of water treatment apparatus
according to a further embodiment of the invention;
Fig$. 28 (a), (b) and (c) are top, side and end views
of the apparatus of Fig. 27; Fig. 29 is an isometric
view of water treatment apparatus according to a
further embodiment of the invention; Figs. 30 (a), (b)
and (c) are top, side and end views of the apparatus
of Fig. 29; Fig. 31 is an isometric view of water
treatment apparatus according to a further embodiment
of the invention; Figs. 32 (a), (b) and (c) are top,
side and end views of the apparatus of Fig. 31; Figs.
33 and 34 are opposite isometric views of apparatus
according to a further embodiment of the invention;
Figs. 35 (a) and (b) are side and end views of the
apparatus of Fig. 33;Fig. 36 is top view of the
apparatus of Fig. 33; Fig. 37 is a sectional view
along line B-B of Fig. 36; Fig. 38 is an isometric
view of a water treatment apparatus according to a
further embodiment of the inventi on; Fig. 39 is side
view of the apparatus of Fig. 38; Fig. 40 is a
sectional view ,along line C-C of Fig. 39; Fig. 4 1 is
a top view of the apparatus of Fig. 38; Fig. 42 is a
sectional view along line D-D of Fig. 4 1; Fig. 43 is
an enlarged view of the region E of Fig. 42; Fig. 44
is an isometric view of a water treatment
installations according to a further embodiment of the
invention; Fig. 45 (a), (b) and (c) are side end and
top views of the installations of Fig, 44; Fig, 46 is
an isometric view of the apparatus of Figs. 33 and 34
associated with a drum filter module; Figs 47 (a) and
(b) are side and top view of the assembly of Fig, 46;
Figs. 48 and 49 are an isometric view and side view
respectively of water purifying or treatment apparatus
according to an embodiment of the invention associated
with a foam reduction/water recovery tank; Figs. 50 is
a plan view of the apparatus of Figs. 48 and 49; Figs.
5 1 is an enlarged sectional view along line A-A of
Fig. 50; 



Figs. 52 and 53 are plan and side views of the foam
reduction/water recovery tank; Fig. 54 is an enlarged
sectional view of the tank along line B-B of Fig. 52;
Figs. 55, 56 and 57 illustrate in isometric plan and
side views an alternative water purifying apparatus
according to another embodiment of the invention; Fig.
58 is an isometric view of water purifying or
treatment apparatus associated with an alternative
foam reduction/water recovery apparatus; Figs;. 59 and
60 illustrate the foam reduction/water recovery
apparatus in plan and side views; Fig, 6 1 is an
isometric view of the foam reduction/water recovery
apparatus showing the interior drum; Fig. 62 is a
sectional view along line C-C of Fig. 59. Fig. 63 is
an isometric view of a water treatment installation
according to another embodiment of the invention;Figs.
64 and 65 illustrate the installation of Fig. 63 in
front and plan view; Figs. 66 (a), (b) and (c)
illustrate the installation of Fig. 63 in isometric,
plan and front view respectively; Figs. 67 (a), (b)
and (c) illustrate the ozone contacting unit of the
installation of Fig, 63 in isometric, plan and front
view respectively; Figs. 6S(a), (b) and (c) are a side
view, plan view, and a sectional view along line A-A
of Fig. 68(b), of a first water treatment device of
the defoaming unit and ozone contacting unit of Figs.
66 and 67; Figs, 6'9(a), (b) and (c) are a side view,
plan view, and a sectional view along line B-B of Fig.
69(b) of a .second water treatment device of the
defoaming unit and ozone contacting unit of Figs. 66
and 67; Figs. 70(a)- (b) and (c) are a side view, plan
view, and a sectional view along line C-C of Fig.
70(p), of a third water treatment module of the
defoaming unit and ozone contacting unit of Figs. 66
and 67; Figs. 7 1 (a) (b) (c) and (d) illustrate an
isometric view, front view, plan view and side views a
water treatment module comprising interconnected
treatment devices of Figs. 68 to 70; Figs. 72 (a) (b)
(c) and (d) illustrate an isometric view, front view,
plan view and sectional view along line D-D of Fig.
72(c), an ozone producer for use in the apparatus of
Fig. 63; Fig. 73 (a) (b) (c) and (d) illustrate in
opposite isometric views, front and plan views, an
ultraviolet treatment unit for use in the apparatus of
Fig. 63; Fig. 74 is a sectional view along line E-E of
Fig. 73 (d); Fig. 75 is a sectional view along line
F-F of Fig. 73 (c). Fig, 76 is an isometric view of a
water treatment apparatus according to another
embodiment of the invention; Figs, 77, 78 and 79
illustrate the apparatus of Fig. 76 in front and
opposite end views; Figs. 80 is a plan view of the
water treatment unit of the apparatus of Fig. 76; 



Figs. 81, 82 and 83 illustrate the water treatment
unit of Fig. 76 in front and opposite end views; Fig.
84 is a sectional view along line A-A of Fig. 80; Fig.
85 is an enlarged view of the region B of Fig. 84;
Fig. 86 illustrates a drum filter module;Figs. 87 and
88 illustrate the water treatment apparatus of Fig. 76
combined with the drum filter module of Fig. 86; Figs.
89 and 90 illustrate end and rear views of the
combination of Figs. 87 and 88; Figs. 9 1 and 92
illustrate the water treatment apparatus of Fig. 76 in
a different combination with the drum fi lter module
of Fig. 86; Figs. 93 and 94 illustrate in end and rear
views, the Combination of Figs. 9 1 and 92 Figs. 95
and 96 are opposite isometric views of an alternative
water treatment apparatus according to another
embodiment of the invention; Figs. 97 and 98 qxe
opposite side views of the water treatment apparatus
of Figs. 95 and 96; Fig. 99, 100 and 101 illustrate in
perspective, side and end views, an ozone contact
chamber of the apparatus of Figs. 95 to 98; Fig. 102
is a sectional view along line A-A of Fig, 102; Figs.
103 and 104 illustrate in side and plan view, a foam
reduction chamber for use with the apparatus of Figs.
95 to 98; and Fig. 105 is a sectional view of the
chamber along line B-B of Fig. 104. Detailed
Description of the Preferred Embodiments Referring to
the drawings and firstly to Figs. 1 to 5, there is
illustrated water treatment apparatus 10 acpording to
an embodiment of the invention typically fox treating
contaminated water such as grey water, or water from a
vehicle washing establishment or for treating any
other water. The apparatus 10 includes a series of
interconnected pipes comprising a first upright pipe
11 which is connected at its upper end through a
U-connector or alternative connecter 12 to a second
upright pipe 13, the pipes 11 and 13 being
substantially parallel to each other. The first pipe
11 has an inlet 14 for untreated water whilst an
upright foam-collecting pipe 15 i$ connected to the
upper ends of the first and second pipes 11 and 13 at
the connector 12. The apparatus 10 includes further
sets of interconnected pipes I I1 and 13' and 11" and
13" corresponding to the pipes 1 1 and .13
respectively with the respective pipes 11' and 11"
being connected at their lower ends via connectors 16
and 16' to the pipes 13 and 13' of the preceding set
of pipes with the pipes 1V and 13' and 11" and 13"
being interconnected at their upper ends through
connectors 12' and 12". Further upright foam
collection pipes 15' and 15" are connected at the
connectors 12' and 12" to the upperends of the joined
pipes 11' and 13', and 11" and 13 "respectively. The
foam collection pipes 15, 15' and 15" are connected at
their upper ends to a common waste pipe 17 which in
the illustrated embodiment extends transversely to the
pipes 15, 15' and 15" and is inclined upwardly from
the first collection pipe 15 towards the pipe 15". The
waste pipe 17 however may be arranged to lie in a
substantially horizontal plane or be inclined 



downwardly from the first collection pipe 15.
Respective gas outlets 18a, 18b, 18c, 18d, and 18e are
provided at the lower ends of the respective pipes 13,
11', 13', 11" and 13". In this embodiment, the outlets
18a, 18c and 18e are connected to a source of ozone
whilst the inlets 18b and I8d are connected to a
source of air. The gas outlets 18a, 18b, 18c, 18d and
I8e may be in the form of nozzles, or Venturis which
penetrate the pipes or air stones, perforated pipes or
other forms of outlets internally of, and at the lower
ends of the pipes. A treated water outlet 19 is
provided at the lower end of the pipe 13". In use
water to be treated is supplied to the inlet 14 for
flow into the pipe 11. The region of the pipe 11
beneath the inlet 14 acts as a . trap for solids.
Water flows upwardly through the pipe 1 1 and
downwardly through the pipe 13 as indicated by the
arrows in Fig. 5. Ozone supplied to the gas outlet 18a
bubbles upwardly through the water flowing downwardly
through the pipe 13 so that water flowing therein is
exposed to the Sterilizing effect of ozone. Bubbles of
gas reaching the upper end of the pipe 13 create foam
20 which carries contaminants in the water.. The foam
will pass upwardly through the pipe 15 into the waste
pipe 17 where it is directed to waste. Water flow
continues from the pipe 13 to the pipe 11' wherein it
flows upwardly. Air supplied to the outlet 18b bubbles
through the water flowing in the pipe 11' in the same
direction as the water flow. This assists in the water
flow through the pipe 11' as well as removing
contaminants in the water which creates further foam
at the upper end of the pipe 11', Further foam is
created by ozone which is supplied to the outlet 18c
for bubbling through water in the pipe 13' in a
direction opposite to the water flow through the pipe
13'. This treatment procedure is repeated in the
respective pipes 11" and 13" with air being supplied
to the outlets 1.Sd and ozone to the outlets 18e.
Water thus flows in a serpentine manner through the
apparatus 10. Foam collecting at the upper ends of the
pipes 11 and 13, 11' and 13', and 11" and 13" passes
through the respective foam pipes 15, 15' and 15" into
the waste pipe 17, Water condensing in the foam pipes
15, 15' and 15" will drop down under the influence of
gravity to enter the water flow for continued
processing through the apparatus 10.Treated water then
exits from the apparatus 10 through outlet 19. The
treated water outlet 19 may be connected back to the
inlet 14 for further treatment of water. Further foam
from the waste outlet 17 may be passed to a settling
tank where water condensing -from the foam may be
further treated by being fed back to the mlet 14.
Whilst the waste outlet pipe 17 is shown to be
inclined upwardly, it may be inclined downwardly as
shown in dotted outline in Fig. 3 from the first foam
pipe 15. To provide access to the upper ends of the
respective pipes 1 1 and 13, 11 and 13', and 11" and
13", inspection ports 20, 20' and 20" may be provided,
the ports 20, 20' and 20" having removable caps 2 1, 2
1' and 2 1" which allows for cleaning of the pipes 11
and 13 and insertion or removal of the gas outlets
such as air stones. The outlet 19 from the apparatus
10 may be connected to a screen filter such as a drum
filter for filtering solids in the water. The outlet
1.9 alternatively or additionally may be connected to
an UV treatment unit in the form of a pipe 22 (shown
in dotted outline in Fig. 3) which houses an elongated
ultraviolet lamp 23. Thus water flowing 



from the outlet 19 is subject to ultraviolet light to
kill pathogens in the water. Referring now to Fig. 6,
there is illustrated a further embodiment of water
treatment apparatus 24 according to the invention in
which like components to the components of Figs. ] to
5 have been given like numerals. In this case however,
four sets of pipes 11 and 13 corresponding to the
pipes 1 1 and 1.3, 11' and 13' or 11" and 13" of the
embodiment of Fig. 1 are provided, the pipe sets being
arranged in a $quare,plan configuration. The pipe sets
1 1 and 1.3 are connected in series with the common
waste line 17 which follows the periphery of the
separator but arranged in a transverse configuration,
As in the embodiment of Fig. 1 to 5, in use ozone is
supplied to the lower ends of the pipes 13 to pass as
bubbles through water flowing down the pipes 13 whilst
air is supplied to the lower ends of pipes 11 to
bubble through the water flowing up the pipes 11.
Figs. 7 illustrates a further embodiment of apparatus
25 according to the invention again in which like
components to the components of Figs. 1 to 5 have been
given like numerals. As with the embodiment of Fig. 6,
four sets of pipes 11 and 13 corresponding to the
pipes 11 and 13, H ' and 13' or 1 1 " and 13" of the
embodiment of Fig. 1 are provided, the pipe sets being
arranged in a transverse attitude relative to the
waste pipe 17. The pipe sets 11 and 13 are connected
in series with the foam collection pipes 15 being
connected to the common waste line 17.Figs. 8
illustrates a -farther embodiment of water treatment
units 26 according to the invention again in which
like components to the components of Figs. 1 to 5 have
been given like numerals, in this embodiment, three
sets of pipes 11 and 13 corresponding to the pipes 11
and 13, 11' and 13' or 11" and 13" of the embodiment
of Fig. 1 are provided, the pipe sets being arranged
in a zig-zag configuration relative to the common
waste pipe 17. The pipe sets 11. and 13 are connected
in series with the foam collection pipes 15 being
connected to the common waste line 17. In the
embodiment of Fig. 9, three water treatment units 26
of similar configuration to that of Fig. 8 are
interconnected to provide the water treatment assembly
27. One unit 26 is provided with an inlet 14 for water
to be treated at one end whilst its opposite end is
connected through a connecting pipe 28 to the inlet 14
of an adjacent apparatus 26. The outlet 19 of the
adjacent unit 26 is connected through connecting pipe
29 to the inlet of the trailing unit 26 which has the
clean water outlet. In this case also the waste pipes
17 of each unit 26 are connected to a common waste
pipe 30. It will be further noted in this embodiment
that the waste pipes 17 are in an opposite inclination
to their inclination shown in Fig, 8. The water
treatment apparatus 3 1 of Fig. 10 comprises three
units 10 of the type illustrated in Figs. 1 to 5, the
units 10 being connected in series and arranged in
this instance along the three sides of a square or
rectangle. The three units 10 however may be arranged
in a linear array. An inlet 32 for water to be treated
(corresponding to the inlet 14) is provided to the
pipe 11 of the leading unit 10 whilst an outlet 33
(corresponding to the outlet 19) is provided at the
trailing end of the trailing unit 10. The waste pipes
17 of each unit 10 are interconnected at each comer of
the assembly 3 1 



and to a common waste outlet line 34. In this case,
the foam collection pipes 15 of each unit 10 is of
extended length. Referring now to Figs. 11 to 15 there
is illustrated an alternative water treatment
apparatus 35 similar in principle to the embodiment of
Figs. 1 to 5. In this case however, the flow passages
for water and foam are incorporated within a common
integral housing 36. The housing has a series of
duct-like members 37, 38, 39, 40, 4 1 and 42 of
cylindrical cross section defining respective upright
flow passages 43, 44, 45, 46, 47 and 48. The duct-
like members 37 and 3S, 39 and 40, and 4 1 and 42 are
joined by integral U-shaped members 49, 50 and 5 1 at
their lower ends which essentially comprise curved
extensions of the members 37 and 38, 39 and 40, and 4
1 and 42. The duct-like members 38 and 39, and 40 and
4 1 are joined on their adjacent sides and attheir
upper ends through integrally formed shoulders 52 and
53 which act as weirs over which water flows in use.
The respective duct-like members 37 and 38, 39 and 40,
and 4 1 and 42 are separated by voids 54, 55 and 56
which define one side of the respective members 37,
38, 39, 40, 4 1 and 42 extend above the level of the
shoulders 52 and 53. The housing 36 above the
duct-like members 37 to 42 forms a hollow foam chamber
57 which has an outlet 58 for foam at one end. The
chamber 57 has an upperwall 59 of apart-circular
pipe-like cross section which extends to the outlet
58, the upper wall 59 being inclined slightly upwardly
from the end of the separator 35 adjacent the
duct-like member 42 to the outlet 58, Alternatively,
the wall 59 may be horizontal or inclined downwardly
from the member 42 to the outlet 58. An inlet 60 for
water to be treated is connected to the duct-like
member 37 whilst an outlet 6 1 for treated water is
connected to the duct-like member 48, the outlet 6 1
being below the inlet 60" Alternatively the inlet 60
and outlet 6 1 may be reversed. A pair of ports 62 and
63 in to the chamber 57 for access to the interior of
the housing 36 are provided between .the duct-like
members 38 and 39 and 40 and 4 1 respectively, the
ports 62 and 63 being closable by respective
internally threaded caps 64 and 65. Gas outlets 66,
67, 68, 69, 70 and 7 1 are provided at the lower ends
of the respective duct-like members 37, 38, 39, 40, 4
1 and 42. The gas outlets may be provided internally
of the duct-like members for example in the form of
air stones, perforated pipes or other outlets or may
be external for example in the form of nozzles or
Venturis. The gas outlets 66, 68 and 70 axe typically
connected to a source of ozone whilst the gas outlets
67, 69 and 7 1 are typically connected to a
pressurized air supply. The outlets however may be
connected to other forms of gas supplies or to
combined gas supplies for example to a mixed ozone/air
supply. The ports 62 and 63 permit placement of the
gas outlets into or removal from the housing 36. . In
use, water to be treated is supplied through the inlet
60 to the apparatus 35 to flow through the respective
flow passages 43, 44, 45, 46, 47 and 48 as indicated
by the arrows in Fig. 15. Ozone supplied to the
outlets 66, 68 and 70 bubbles through the water
flowing through the passages 43, 45, and -47 in a
direction opposite to water flow and creates a foam in
the chamber 57 at the upper level of water in the
passages, the foam carrying contaminants conveyed by
the bubbles to the surface of the water. Air supplied 



to the outlets 67, 69 and 7 1 bubbles through the
water flowing through the passages 44, 46 and 48 in
the same direction as the water flow to assist in flow
of water through theapparatus 35 and also carry
contaminants In the water and create additional foam
in the chamber 57. The foam collecting in the chamber
57 passes out through the outlet 58 to waste or for
further treatment by for example condensing water from
the foam and returning it to the inlet 60. Water
passing through the apparatus 35 exits through outlet
61. Condensing water in the foam in the chamber 57
simply drops under the influence of gravity back into
the passages 37,38, 39, 40 and/or 4 1 for further
treatment. Fig. 16 illustrates a further embodiment of
water treatment apparatus 66 which is similar to the
embodiment of Figs. 11 to 15 however in this case the
foam collection chamber (equivalent to the chamber 57)
includes an integrally formed part tubular member 67
which has an outlet 68 at one end and which in use
lies in a substantially horizontal plane. As in the
embodiment of Pigs. 11 to 15, the apparatus 66 has an
inlet 69 at one end and an outlet 70 at the opposite
end. The inlet and outlet however may be reversed from
that shown in the drawings. The combined water
treatment apparatus 7 1 of Fig. 17 includes a pair of
apparatuses 66 of the type shown in Fig. 17 arranged
in a back-to-back juxtaposed relationship with the
outlet 70 of one apparatus 66 being connected through
a connecting duct 72 to the inlet 69 of the other
apparatus 66. Thus water connected to the inlet 69 of
the one apparatus 66 U processed by both apparatuses
66 before passing out of the outlet 70 of the other
apparatus 66. In addition ^ the duct-like foam
collection chamber 67 have their outlets 68
interconnected by a joiner 73. having a single outlet
74 for foam carrying impurities extracted from the
water flowing through the apparatus 66. Although the
embodiment of Fig, 17 includes two apparatuses 66, it
will be appreciated that any number of apparatuses 66
may be connected in series and arranged in any
orientation relative to each other. Any of the water
treatment units or apparatuses of the above described
embodiments- may be associated with further water
treatment apparatus such as a UV water treatment
chamber as described above or with further filtering
apparatus such as a drum or screen filtering
apparatus. As an example Fig. 18 illustrates water
treatment apparatus 31 similar to the type illustrated
is Fig. 10 having its outlet 33 connected to a modular
water treatment unit 75 of the type disclosed in our
International Patent Application No.
PCT/AU2006/000729. It will be noted in this case that
the outlet and inlet have been reversed from that
shown in Fig. 10 however the inlet and outlet of the
apparatus 3 1 may be as shown in Fig. 10.The unit 75
includes a drum filter for removal of particulate
matter in the water exiting the apparatus 3 1,
Referring now to Figs. 19 and 20, there is illustrated
a water treatment apparatus 110 according to an
embodiment of the invention typically for treating
contaminated water such as grey water, or water from a
. vehicle washing establishment or for treating any
other water. The apparatus 110 includes an inlet
manifold 111 in the form of a pipe-like member having
an inlet 112 at one end for water to be treated an
outlet manifold 113 having a water outlet 114 at one
end for treated water. Extending between 



the inlet manifold 111 and outlet manifold 113 are a
series of U-shaped foam units 115 . which are
connected in parallel between the inlet manifold 111
and outlet manifold 113, The units 115 each comprise a
first upright pipe 116 which is connected at its-
lower end through a U-co pnector or alternative
connecter 117 to a second upright pipe 118, the pipes
116 and 117 being substantially parallel to each
other. A first upright foam collecting pipe 119 is
connected to the upper end of the first pipe 116
adjacent or at its connection to the manifold 1 1 1
and a second upright foam collecting pipe 120 is
connected to the upper end of the second pipe 117 at
or adjacent its connection to the manifold 113.
Substantially parallel connecting pipes 120 are
connected to the upper ends of the foam collecting
pipes 118 and 11.9 and to a common foam collection
manifold 121 which extends transversely to the ' pipes
118 and 119 and which is also substantially
horizontal. The foam collection manifold 121 is
connected through an upwardly directed U-shaped trap
122 to a waste pipe 123 which extends substantially
vertically downwardly from the trap 122 and which has
a waste outlet 124 Gas outlets 125 and 126 are
provided at the lower ends of the respective pipes 116
and 117. In this embodiment, the outlets 125 and 126
are connected to a source of ozone or ozone rich air.
The ozone or Ozone/air mixture may be supplied by an.
ozone or air/Ozone pump. The gas outlets 125 and 126
may be in the form of nozzles, or other outlets which
penetrate the pipes or connector 118 or air stones,
perforated or permeable members or other forms of
outlets internally of, and at the lower ends of the
pipes 116 and 117. In use water to be treated is
supplied to the inlet 112 for flow into the manifold
111 and be directed to each of the parallel pipes 116
through which it flows in the direction indicated by
the arrows 127 in Fig. 1. Water flows downwardly
through the pipe 116 and then upwardly through the
pipe 117 as indicated by the arrows 129- Ozoneor an
air/ozone mixture supplied to the gas outlet 125
bubbles upwardly through the water flowing downwardly
through the pipe 116 so that water flowing therein is
exposed to the sterilizing effect of ozone. Bubbles of
gas reaching the upper end of the pipe 116 create a
foam which carries contaminants in the water. The foam
130 will pass upwardly through the foam-collecting
pipe 118 into the manifold 121 via the connecting pipe
120- Ozone or an ozone/air mixture supplied to the
outlet 126 bubbles through the water flowing in the
pipe 117 in the same direction as the water flow. This
assists in. the water flow through the pipe 117 using
an air lift or venturi effect as well as removing
contaminants in the water which creates further foam
at the upper end of the pipe 117. The further foam 131
passes upwardly through the pipe 119 into the manifold
121. Foam is thus created by each of the three units
115 arranged in parallel as water flows in a
serpentine manner through the respective units 115,
Foam collecting m the manifold 121 passes through the
inverted U-shaped trap 122 to the waste line 123 where
it is directed to waste though the outlet 124 or which
may be further processed. The trap 122 ensures that
water condensing out of the foam in the manifold 121
does not pass to waste but will flow downwardly under
the influence 



of gravity for further processing by the units 115.
Treated water received in the outlet manifold 113 from
each water treatment unit 115 exits from the water
treatment apparatus 110 through outlet 114. The
treated water outlet 1H may be connected back to the
inlet 112 for further treatment of water. Further foam
from the waste outlet 124 may be passed to a settling
or swirl tank or chamber where water condensing from
the foam may be further treated by being fed back to
the inlet 112. The outlet 114 from the water treatment
apparatus 110 may be connected to a screen filter such
as a drum filter for filtering solids in the water.
The outlet 119 alternatively or additionally may be
connected to an UV treatment unit to kill pathogens in
the water. Referring now to Figs, 2 1 and 22, there is
illustrated a further embodiment of water treatment
unit or separator assembly 132 according to the
invention in which like components to the components
of the water treatment apparatus 110 of Figs. 19 and
20 have been given like numerals. The water treatment
apparatus 132 as m the embodiment of Figs 19 and 20
has a bank of three treatment units 133. Each water
treatment unit 133 however comprises a pair of units
115 of the type illustrated in Figs. 19 arranged
inseries with the upper end of the pipe 117 of one of
the units being connected to the upper end of the pipe
116 of the adjacent water treatment unit 115.
Furthermore, an additional upright foam collecting
pipe 134 is connected at its lower end to the junction
between adjacent pipes 116 and 117 and at its upper
end to the connecting pipe 121 for connection to the
common waste manifold. Gas outlets 125 and 126 are
provided at the lower ends of the pipes 116 and 117 of
each water treatment unitl 15 such that bubbles of
ozone or ozone/air pass upwardly through the pipes 116
and 117 with the ozone or ozone/air flowing upwardly
against the water flow downwardly through the pipes
116 and upwardly with water flow upwardly through the
pipes 117 to create foam at the upper ends of the
pipes 116 and 117 which passes into the pipes- 118,
119 and 134. As in the embodiment .of Fig. 19 and 20,
in use ozone is supplied to the lower ends of the
pipes 113 to pass as bubbles through water flowing
down the pipes 116 whilst air is supplied to the lower
ends of pipes 117 to bubble through the water flowing
up the pipes 117. Figs. 23 to 26 illustrate a water
treatment unit 135 similar to the apparatus 133 used
in the water treatment apparatus 122 of the embodiment
of Figs. 2 1 and 22 and comprising a pair of units 115
arranged in series. Like components to the water
treatment unit 115 shown in Figs- 19 to 2 1 have been
given like numerals. In this case, the upright foam
collecting pipes 136, 137 and 138 corresponding to the
foam collecting pipes 118, 134 and 119 are connected
at their upper ends to a common waste pipe 139 in
which foam is collected, the pipe 139 having a waste
outlet 140- The foam collecting pipe 136 has a greater
diameter or cross sectional area than the pipe 137 and
the pipe 137 has a greater diameter or cross sectional
area than the pipe 138. In addition, the trailing end
of the water treatment unitl 35 is connected to an
upright pipe 141 through which an elongated
ultraviolet lamp 142 extends substantially
concentrically. Thus water from the apparatus 133 is
exposed to ultraviolet light before 



exiting through the outlet 114. The water treatment
apparatus 135 described an illustrates in Figs. 23 to
26 may be used in the water treatment apparatus 132 of
Figs, 2 1 and 22 with the outlet from each water
treatment apparatus 135 being connected to a single
ultraviolet treatment unit or to three separate
ultraviolet treatment units similar to that described
in Figs. 23 to 26. The embodiment of water treatment
apparatus 143 of Figs, 27 and 28 is similar to that of
Figs. 2 1 to 23 except that the pipes 144
corresponding to the pipes 117 of Figs. 2 1 to 23 are
of reduced diameter so that an increased air lift or
venturi effect is achievedby gas such as ozone and/or
air bubbling through the pipes 144. In addition, the
foam waste pipe 139 is connected to a trap 145 similar
to the trap 122 so that water condensing from the foam
is not directed to waste but returns under the
influence of gravity to the water treatment unitl44
for further processing. A downwardly inclined waste
pipe 146 is connected to the outlet side of the trap
145. Upright foam collecting pipes 147 collect foam
from the upper ends of the pipes 116 and 144 as in the
previous embodiments which passes into the foam waste
pipe 139 connected to the trap 145. It will be further
noted in this embodiment that the inlet 148 to the
assembly 143 is located adjacent to the junction of
the first pipe 116 and foam collection pipe 147 whilst
the treated water outlet 149 is located at the upper
end of the reduced diameter pipe 144 at the trailing
end of the water treatment apparatus 143. The water
treatment apparatus 150 of Figs. 29 and 30 comprises a
pair of water treatment apparatuses 143 of the type
shown in Figs. 27 and 28 arranged in parallel and
connected between an inlet manifold 151 having a pair
of inlets 152 and outlet manifold 153 having a single
water outlet 154. The inlets 152 however may be
separate and connected to the respective assemblies
143. The foam waste pipes 139 are also connected
through a single trap 155 to a downwardly directed
outlet 156. Of course any number of water treatment
apparatuses 143 may be arranged in parallel as for
example in the water treatment apparatuses 157 of
Figs. 3 1 and 32 which includes four such water
treatment apparatuses 143 with a pair of inlets 152
and a single treated water outlet 154 and foam waste
outlet 156, Figs. 33 to 37 illustrates a Further
embodiment of water treatment unit 158 according to
the present invention which is similar in principle to
the embodiment of Figs. 27 and 28. In this embodiment
however, the water treatment apparatus 158 includes
upper and lower manifolds 159 and 160, the manifold
159 being divided into four chambers 160, 161, 162 and
163 by respective transverse walls 164 spaced along
the manifold 159. The manifold 159 typically is in the
form of a tubular pipe of any cross section. The lower
manifold 160 is. of a siim'lar construction however in
this instance, the manifold 160 is divided into three
chambers 165, 166 and 167 by two transverse walls 168.
As with the manifold 160, the manifold 160 typically
is in the form of a tubular pipe of any cross section.
Pipes 169 extend between and are connected to the
respective opposite chambers 160 and 165. 161 and 166
and 162 and 167. Pipes 170 of smaller diameter or
crosssectional area than the pipe 169 extend between
the respective opposite chambers 161 and 165, 162 and
166 and 163 and 167. An jplet 171 for water is
connected to the 



chamber 160 whilst an outlet 172 for treated water is
connected to the chamber 163. Upright foam collecting
pipes 173 are connected at their lower ends to the
respective chambers 160, 161 and 162 and connected at
their upper ends to a foam waste pipe 174 having an
outlet 175. Gas outlets 176 in the form of permeable
pipes are provided in the lower ends of the pipes 1.69
whilst gas inlets 177 are provided in the respective
chambers 165, 166 and 167, The gas outlets 176 are
connected in use to an ozone source whist the inlets
177 are connected to a source of air and/or ozone form
for example an air or air/ozone pump. The inlets 177
are preferably arranged immediately below the pipes
170. The water treatment unitl58 functions in the
manner previously described with water entering the
inlet 17 1 flowing in a serpentine manner as indicated
by the arrows in Fig. 37 down the respective pipes 169
and up the smaller diameter pipes 170 and through the
respective chambers 160, 161 and 162 and 165, 166 and
167 to the treated water outlet 172. Ozone from the
outlets 176 passes as bubbles up the pipes 169 against
the water flow creates a foam which collects in the
pipes 173 and which is directed to the common foam
waste pipe 174. Air or air/ozone entering the inlets
177 passes as bubbles up the pipes 170 to act as a
venturi or air lift to- assist in water flow upwardly
through the pipes 170. This adds to the creation of
foam at the upper level of water which passes into the
pipes 173 and foam waste pipe 174. The embodiment of
water treatment unit78 of Figs. 38 to 43 is similar to
the embodiment of Figs: 33 to 37 except that the final
pipe 180 comprises a transparent pipe connected at
opposite ends to the chambers 163 and 167, the pipe
180 being surrounded by four elongated ultraviolet
lamps 181 which are spaced- circum ferentially around
the pipe 180 and which are located within a housing
182 supported coaxially around the pipe 180. In use,
water flowing through the transparent pipe 180 is
exposed to ultraviolet light from the lamps 181 before
it passes out the outlet .172. Whilst the embodiment
shows the use of four ultraviolet lamps 181 located
around the pipe 180, any number of ultraviolet lamps
181 from one or more may be used. Typically the
transparent pipe 180 comprises a clear plastics or
glass pipe. Figs. 44 and 45 illustrates a water
treatment apparatus 183 including three treatment
units 158 of the type shown in Figs. 33 to 37 arranged
in series with swirl orsettling tanks 184 arranged
positioned in series with the units 158. One settling
tank 184 is arranged between the treated water outlet
of the first water treatment unit 158 and the inlet of
the second water treatment unit 158 and a further
settling tank 184 arranged between the outlet of the
first water treatment unit 158 and inlet of the third
water treatment unit 158. The tanks 184 allow solids
such as sediments in the water to settle out of the
treated water as it passes through the water treatment
apparatus 183. Each settling or swirl tanks 184 has a
tapered hopper shaped base 185 terminating in a valve
controlled outlet 86 such that sediments or
contaminants settling in the lower end of the tank 184
is directed by the base 186 towards the outlet 186.
The solids and sediment may then be purged by opening
of the valve control outlet 186. For purging of the
sediments from the tank 184, the tanks 184 have
removable lids 187 to provide access to 



the interior of the tanks 184. The water treatment
apparatus 183 may include any number of treatment
units 158 arranged in series with or without settling
or swirl tanks. One or more of the units 158 may be
replaced by a water treatment unit 178 of the type
illustrated in Figs. 38 to 43 for ultraviolet
treatment of water. Furthermore any of the apparatuses
or units described above may be associated with one or
more settling or swirl tanks of the type shown in
Figs. 44 and 45. Figs, 46 and 47 illustrate combined
water treatment apparatus 188 according to another
embodiment of the invention including a water
treatment unit 158 of the type illustrated in Pigs. 33
to 37 arranged in series with a modular water
treatment unit 189 of the type disclosed in our
International Patent Application No. PCT/AU2
006/000729. The water treatment unit 189 has an inlet
190 for water to be treated and an outlet 190
connected to the inlet 171 to the water treatment unit
158. Water supplied to the unit 189 through the inlet
190 initially passes through a drum filter 192 where
it undergoes screen filtering to screen out solids or
other particulate matter. Solids collected by the.
drum filter 192 are directed to waste through an
outlet 1.93 from the unit 189. Water passing through
the drum filter 192 is subject to biological treatment
by bacteria supported on media in the chamber 194
beneath the drum filter 192. Water then passes through
the chambers 195 and 196 where it is exposed to
ultraviolet light and/or ozone before passing out of
the outlet 191 into the water treatment untl58.
Treated water passes through the outlet 172 from the
water treatment unit 158 with foam wastes passing
through the outlet 175. Referring now to Figs. 48 to 5
1 there i s illustrated water purifying or treatment
apparatus 210 according to an embodiment of the
present invention typically for treatingcontaminated
water such as grey water, or water from a vehicle
washing establishment or for treating any other water.
The apparatus 210 includes upper and lower hollow
manifolds 2 11 and 212, the manifold 211 being divided
into four chambers 213, 214, 215 and 216 by respective
water impervious transverse walls 217 spaced along the
manifold 2 11. The manifold 2 11 typically is in the
form of a tubular pipe of any cross section. The lower
manifold 212 is divided into three chambers 218, 219
and 220 by two water impervious transverse walls 221.
As with the manifold 211, the manifold 212 typically
is in the form of a tubular pipe of any cross section.
The main treatment pipes or tubes 222 extend between
and are connected to the respective opposite chambers
213 and 218, 214 and 219 and 215 and 220. Further sets
of three return pipes 223, 224, and 225 of smaller
diameter or cross sectional area than the pipes 222
extend between the respective opposite chambers 214
and 218, 215 and 219 and 216 and 220. An inlet 226 for
water to be treated is connected to the chamber 213
whilst an outlet 227 tor treated water is connected to
the chamber 216, Upright foam collecting pipes 228 are
connected at their lower ends to the respective
chambers 213, 214 and 215 and connected at their upper
ends to a foam waste pipe 229. The pipe 229 is
connected through a trap 230 to a foam reduction/water
recovery tank 231. Gas outlets 232 in the form of gas
permeable pipes, air stones or of any other form are
provided in the lower ends of the pipes 222, Further
gas outlets 233 in the form 



of nipples or noz-zles or outlets or any other form
are provided at the lower ends of the respective pipes
223, 224 and 225 which are located in the respective
chambers 218, 219 and 220. The gas outlets 232 are
connected in use to an ozone source. The outlets 233
may also be connected to a source of ozone and/or air.
In use water to be treated is supplied to the inlet
226 and flows in a serpentine manner as indicated by
the arrows in Fig. 51 down the respective pipes 222
and up the smaller diameter pipes 223, 224 and 225 and
through the respective chambers 213, 218, 214, 219,
215, 220 and 216 to the treated water outlet 227.
Ozone from the outlets 232 passes as bubbles up the
pipes 222 against the downward water flow. Any bam
created in the manifold 2 11 by bubbles of gas
reaching the surface of the water in the manifold 2 11
collects in the pipes 228 and is directed to the
common foam waste pipe 225, Air or ozone or an
air/ozone mixture exiting the outlets 233 passes as
bubbles up the pipes 223, 224 and 225 to act as an air
lift to assist in water flow upwardly through the
pipes 223, 224 and 225.Foam collecting in the waste
pipe 229 passes through the inverted U-shaped trap 230
for further processing. The trap 230 ensures that
water condensing out of the foam in does not pass to
waste but will flow downwardly under the influence of
gravity for further processing by the apparatus 210.
Treated water exits from the apparatus 210 through the
outlet 227 and the outlet 227 may be connected back to
the inlet 226 for further treatment by passing through
the apparatus 210. The outlet 227 from the apparatus
210 alternatively of additionally may be connected to
a screen filter such as a drum "filter for filtering
solids in the water. The outlet 227 alternatively or
additionally may be connected to an UV treatment unit
to kill pathogens in the water. The tank 231 for
treatment of foam as shown in Figs. 52 to 54 has an
inlet 234 at its upper end connected through the trap
230 to the waste pipe 229 and a frustoconcial base 235
terminating in a central outlet 236 controlled by a
valve 237. Sediment or contaminants settling in the
base 235 of the tank 23 1 are directed towards the
outlet 236 through which they may be purged or empties
when the valve 237 is opened. A foam outlet 238 is
provided towards the upper end of the tank 23 1. If
the foam in the tank 231 reaches the level of the
outlet 238, it will pass through the outlet 238 to
waste. A water recovery outlet duct 239 also extends
into the lower part of the tank 231 adjacent the base
235, the duct 239 having a downwardly extending
portion 240. This allows for recovery of condensing
water from the tank 23 1 for retreatment if required.
To reduce the foam in the tank 231, an air or water
distributor 241 through which air or water may be
sprayed over the foam in the tank 2 11 is provided at
the upper end of the tank 211. The distributor 241 in
the embodiment is be in the foipi of an apertured pipe
of annular form but may be in any other configuration.
The water purifying or. treatment apparatus 242
illustrated in Figs. 55 to 57 is similar to the
apparatus 210 of Figs. 48 to 5 1 however in this case
the pipes 223, 224 and 225 are provided with inline
liquid pumps 243 for pumping water upwardly through
the pipes 223, 224 and 225 rather than using the air
lift arrangement described with 



reference to Figs.48 to 51. Alternatively the pumps
243 may iaject external air into the pipes 223, 224
and 225 to convey water upwardly through the pipes.
Referring now to Fig- 58 there is illustrated water
treatment apparatus 210 (or 242) associated with an
alternative foam treatment apparatus 243 which is
connected to the foam waste pipe 229 through the trap
230.The apparatus 243 as shown more clearly in Figs.
59 to 62 uses a centrifugal principal to reduce the
foam to liquid. The apparatus 243 includes an outer
hollow housing 244 supported in an upright attitude by
a frame 245. The housing 244 has an inlet 246 at its
upper and an outlet 247 at its lower end. A drum 248
having a perforated outer cylindrical wall is mounted
in the housing 244 for rotation about a substantially
vertical axis and is supported to the housing 244 for
this purpose by a bearing 249 at its upper end. A
drive shaft 250 is coupled centrally to the drum 248
at is lower end, the shaft 250 either being a shaft of
a drive motor 251 or being coupled to the motor 251.
The motor 251 is provided externally of the housing
244 and supported on the frame 245, The upper end of
the drum 248 is open and as shown the inlet 246
extends into the drum upper end. In operation, foam
supplied to the inlet 246 passes into the interior of
the drum 248 which is driven in rotation by the motor
251. The foam during rotation of the drum 248 is
reduced to liquid which passes out through the
perforated wall of the drum 248 and out through the
outlet 247 to waste. The apparatus 210 and/or 242
described above may be used in multiples in series or
in parallel with each other and used with different
combinations of other water treatment components
employed in series or parallel with the apparatus
described. A drum or screen filter may also be
provided before the inlet to the apparatus 210 or 242
so that water flowing into an apparatus 2 10 or 242 is
initially screen f ltered. The foam treatment tanks
and apparatus described above with reference to Figs.
52 to 54 and 59 to 62 may be used separately in other
applications to recover water or liquid from foam.
Referring now to Figs. 63 to 65, there is illustrated
water purifying or treatment apparatus 310 according
to another embodiment of the present invention which
includes a defoaming unit 311, an ozone-contacting
unit 312 and an ultraviolet treatment unit 313. The
apparatus 310 additionally includes in this embodiment
a drum filter unit 314. The defoaming unit 311 (shown
also in Fig. 66) which is for removing foam of from
water to be treated includes an inlet 315 for water to
be treated which is normally connected to a holding
tank (not shown) and an outlet 316 to the holding or a
further holding tank. The unit 311 includes two
defoaming modules 317 which are connected in parallel
with the inlet 315 being connected to both inlets to
the modules 317 and the outlet 316 being connected to
the outlets of the modules 317. Each module 317
comprises three treatment devices 318, 319 and 320
(shown inFigs. 68,69 and 70) connected in serie$ in
the manner shown in Fig. 71. The treatment device 318
as shown in Fig. 68 (c) includes upper and lower
hollow manifolds 321 and 322, the manifold 3 11 being
divided into four chambers 323, 324, 325 and 326 by
respective water impervious transverse walls 327
spaced along the manifold 321. The manifold 321
typically is in the form of a tubular pipe of any
cross section. 



The lower manifold 322 is divided into three chambers
328, 329 and 330 by two water impervious transverse
walls 331 . Ls with the manifold 321, the manifold 322
typically is in the form of a tubular pipe of any
cross section. Pipes or tubes 332 extend between and
are connected to the respective opposite chambers 323
and 328, 324 and 329 and 325 and 330. Further sets of
three return pipes 333 of smaller diameter or cross
sectional area than the pipes 332 extend between the
respective opposite chambers 324 and 328, 325 and 329
and 326 and 330. An inlet 334 for water to be treated
is connected to the chamber 323 whilst an outlet 335
for treated water is connected to the chamber 326,
Upright foarn collecting pipes 336 are connected at
their lower ends to the respective chambers 323, 324
and 325 and connected at their upper ends to a foam
waste pipe 337. Gas or air outlets 338 in the form of
gas permeable pipes, air stones or of any Other form
are provided in the lower ends of the pipes 332,
Further gas or air outlets 339 in the form of nipples
or nozzles or outlets or any other form are provided
at the lower ends of the respective pipes 333 which
are located in the respective chambers 328, 329 and
330. The gas outlets 338 are connected in Use to an
ozone source. The outlets 339 are connected in use to
a source of air such as an air pump. In use water to
be treated is supplied to the inlet 334 and flows in a
serpentine manner as indicated by the arrows in Fig.
68 (c) down the respective pipes 332 and up the
smaller diameter pipes 333 and through the respective
chambers 323., 328, 324, 329, 325, 330 and 326 to the
treated water outlet 335. Ozone from the outlets 338
passes as bubbles up the pipes 333 against the
downward water flow. Any foam created in the manifold
321 by bubbles of gas reaching the surface of the
water in the manifold 321 collects in the pipes 336
and is directed to the common foam waste pipe 337. Air
exiting the outlets 339 passes as bubbles up the pipes
333 to act as an air lift to assist in water flow
upwardly through the pipes 333. The second treatment
device 319 shown in Fig. 69 is similar to the device
318 and like components has been given like numerals.
In this case however, pairs of return pipes 333 are
provided in place of each single return pipe 333 of
the device 318 of Fig.68. Each return pipe 333 has an
air inlet 339 for supply of air to the return pipes
333. This provides for increased vertical lift of
water through the return pipes 333. The third
treatment device 320 shown in Fig. 70 is similar to
the device 319 of Fig. 69 having pairs of return pipes
333 each of which is provided with a pair of air
inlets 339 at their lower ends to again provided
increased vertical lift of water through the return
pipes 333 as compared to the lift proved iri the
device 319. As shown in Fig. 7I, the devices 318, 319
and 320 are connected in series with connecting U-
pipes 340 connecting the outlet 335 of the device 3 18
to the inlet 334 of the device 319 and the outlet 335
of the device 319 to the inlet 334 of the device 320
so that increased air lift or pump occurs in the each
following device. In addition and as shown in Fig. 66,
the respective foam waste pipes 337 are connected to a
common peripherally extending waste manifold 341
having a foam outlet 342, A foam centrifuge 343 (see
Figs. 63 to 65) which is similar to that shown in Fig.
14 receives the foam from the foam outlet 342 to
reduce the foam to liquid for passage to 



waste. Ozone for use in the defoaming unit 3 11 is
supplied from an ozone producer 344 shown more clearly
in Fig. 72. The ozone producer 344 comprises an inlet
manifold 345 and a . series of parallel cylindrical
hollow housings 346 connected at one end 347 to the
manifold 345. Each housing 346 i s closed by a screwed
on end cap 348 at its other end, the end cap 348
supporting the terminal ends of three equispaced
ultraviolet lamps 349 which extend longitudinally of
the housing 346 and which are supported at their other
end by a spacer 350. Pairs of ozone outlets 351 are
provided on the housing 346 adjacent the end cap 348.
The ultraviolet lamps 349 emit ultraviolet light of a
wavelength to convert oxygen in air flowing into the
housing 346 into ozone, being a wavelength usually
less than 2 10 nanometers and typically 185
nanometers. The inlet 352 to the inlet manifold 345 is
connected to an air pump 353 (see Fig. 66) so that air
pumped into the manifold 345 passes into each housing
346 where oxygen in the air is exposed to ultraviolet
light emitted by the lamps 349 to convert the oxygen
into ozone. Ozone is then supplied from the outlets
351 via connecting tubes (not shown) to the ozone
outlets 338 of each treatment device 318, 319 and 320.
As illustrated in Figs. 63 to 66, the osone producer
343 is supported in a horizontal attitude on the foam
waste pipes 337 of the respective treatment units 318,
319 and 320.- The ozone generators defined by each
housing 346 and ultraviolet lamps 349 may as an
alternative be of the configuration shown and.
described above in ourInternational Patent Application
No. PCT/AO2005/001259. The ozone contacting unit 312
is of a similar construction to the defoaming unit 311
and like components thereof have been given like
numerals designated by a prime C). The unit 312 thus
includes two modules 317' connected in parallel to an
inlet 1.6', each module 317' comprising three
treatment devices 318, 319' and 320' connected in
series and being of the same construction to that
shown in Figs. 68 to 7 1, Thus water to be treated
flows into the inlet 316' and is treated in each
device 3 18, 319 and 320 of each module 317' where it
is exposed to ozone supplied through the ozone outlets
338. As with the defoaming unit 3 11, an ozone
producer 344 is supported above the ozonecontacting
unit 312 for supplying ozone to the ozone outlets 338.
As with the defoaming unit 31 a common peripherally
extending waste manifold 341' is connected to the foam
waste pipes 337" with the outlet 342' from the waste
manifold 341' supplying foam to the common foam
centrifuge 343. The ozone contacting unit 312 includes
a pair of outlets 354 from the trailing treatment
device 320' of each module 3 17' which are connected
to the ultraviolet treatment unit 313. The ultraviolet
treatment unit 313 as shown more clearly in Figs. 73
to 75 includes a U-shaped housing or pipe 355 having
first and second upright -hollow housing portions 356
joined at their lower ends by a connecting duct 357. A
pair of parallel ultraviolet lamps 358 are provided in
each housing portion 356 to extend longitudinally
thereof, each lamp 358 being located within a tubular
sleeve or casing 359 of transparent material,
typically glass. The upper ends of the lamps 358
extend at 360 out of the upper 



ends of the housing portions 356 (which are closed).
The lower ends of the lamp selves or casings 359
extend through and are supported by disc-like- flow
control plates 361 which extend transversely of the
housing portions 356 and which are located neatly
therein, having an outer diameter substantially the
same as the inner diameter of the housing portions
356. Each flow control plate 361 is provided with a
plurality of openings 362 therein to cause water
flowing into the inlets 354 to be forced through the
gap between the ultraviolet lamps 358. A single outlet
363 for water exposed to ultraviolet light from the
lamps 358 is connected through an inverted U-shaped
trap 364 to the connecting duct 357, The outlet 363
may be connected to the drum filter unit 314 (see
Figs. 63 to 65) for final treatment of water. The drum
filter unit 314 includes an open-topped chamber365 in
which a filter drum 366 is supported for rotation
about a horizontal axis. The outlet 363 is connected
to a duct extending into the filter drum 366 such that
water flowing into the drum 366 effects rotation of
the drum. Filtered water passing through the drum 366
collects in the chamber 365 and passes out through a
filtered water outlet 367. A trough 368 within aad
extending longitudinally of the drum 366 collects
waste materials on the screen or filter material from
the drum 366 which are washed or displaced from the
screen or filter material by a air and/or water spray
duct 369 above the drum 366. A waste outlet 370 is
provided for directing materials collecting in the
trough 368 to waste. The drum filter unit 334 may be
of similar configuration to the drum filter unit
disclosed in our International Patent Application No.
PCT/AU2005/000878 or PCT/AU02/01245. In use -untreated
water is pumped from a holding tank to the inlet 316
to the defoaming unit 311 for removal of foam and suds
and for ozone treatment and treated water is then
returned to the or a further holding tank. The water
is then pumped from that holding tank to the
ozone-contacting unit 313 for ozone treatment. The
ozone treated water then passes to the UV treatment
unit 313 and then through the drum filter unit 314.
The outlet from the drum filter unit 314 is then
pumped to a separate holding tank ready for use. Foam
from both the defoaming unit 311 and ozone-contacting
unit 313 passes to a common centrifuge 343 for
reducing in volume before being directed to waste such
as a sewer. The apparatus 310 described above may be
used with defoaming unit 3 1 1 and ozone unit 313 in
series or in parallel with each other and used with
different combinations of other water treatment
components employed in series or parallel with the
apparatus described. A drum or screen filter may also
be provided before the inlet to the apparatus 310 so
that water flowing into an. apparatus 310 is initially
screen filtered. The drum filter unit 314 may be
replaced by an alternative form of screen filter whist
in some embodiments the drum filter unit 314 may not
be required. The modules 317 and 317' of the defoaming
unit and ozone unit may have any number of devices
318,319 and/or 320 arranged in series of parallel.
Whilst the defoaming unit 311 is shown to use both
ozone and air, the ozone outlets 338 may be connected
alternatively to a source or sources of air.
Alternatively an ozone source may be connected to both
the outlets 338 and outlets 339. Similarly the 



outlets 339 of the treatment units of the modules 317'
may be connected to a source or sources of ozone.
Different types or combinations of gases may also be
used in theapparatus instead of the ozone/air
arrangements described. The defoaming unit 3 11 and
ozone contacting units 312 may be used separately in
other applications for water treatment. The
ultraviolet treatment unit 313 may also be used in
other water treatment applications. Referring to Figs,
76 to 79, there is illustrated water purifying or
treatment apparatus 4 10 according to another
embodiment of the present invention including a water
treatment unit 411 supported in an upright attitude on
a support frame 412, the frame 412 also supporting
ozone generator unit 413 comprising an air pump 414
connected though an outlet line 415 to a housing 416
which contains one or more ultraviolet lamps which
emit ultraviolet light at a wavelength usually less
than 210 nanometers and typically 185 nanometers to
convert oxygen pumped in the housing 416 with air from
the pump 414 into ozone. A .plurality of air outlets
417 are provided in the pump outlet line 415 whilst a
plurality of ozone outlets 418 arc provided in the
housing 416. The ozone generator unit 413 may be of
the type disclosed in our International patent
application No. PCT/AU2005/01259. The water treatment
unit 411 as also shown in Figs. 80 to 85 comprises
upper and lower hollow manifolds 421 and 422, the
manifold 421 being divided into four chambers 423,
424, 425 and 426 by respective water impervious
transverse walls 427 defined by dividing discs spaced
along the manifold 421, The manifold 421 typically is
in the form of a tubular pipe of any cross section or
made up of pipe connectors. Thus the manifolds may be
defined by four joined T-connectors. The lower
manifold 422 is of a similar construction and divided
into four chambers 428, 429, 430 and 431 by water
impervious transverse walls 432 also defined by
dividing discs. Four pipes or tubes 433 extend between
and are connected to the respective opposite chambers
423 and 428, 424 and 429, 425 and 430 and 426 and 431.
Three return pipes 434 of Smaller diameter or cross
sectional area than the pipes 433 are arranged
parallel to the pipes 433 and extend between the upper
and lower manifolds 420 and 421 to provide
communication between the respective opposite chambers
424 and 428, 425 and 420 and 426 and 430. An inlet 435
for water to be treated is connected to the chamber
423 whilst an outlet 436 for treated water
communicates with the chamber 431 and is connected to
an upright outlet pipe 437. The lower ends 438 of the
pipes 434 are angled at an obtuse angle so as to be
directed towards the flow of water into the pipes 434.
This may be achieved by providing pipe angle fittings
439 at the pipelower ends 438. Four U-Shaped waste
collecting pipes 440 are connected at one end to the
respective chambers 423, 424, 425 and 426 connected at
their opposite ends to a common waste pipe or manifold
441 having an outlet 442. Gas or air outlets 443 in
the form of gas permeable pipes, air stones or outlets
of any other form are provided in the lower ends of
the pipes 433, Further gas or air outlets 444 in the
form of nipples or nozzles or outlets or any other
form are provided at the lower ends of the respective
pipes 434 which are located in manifold 422, The gas 



outlets 443 are connected to the O2one outlets 4 1S of
the ozone generator 413 so that ozone-enriched air is
provided to the outlets 443. Alternatively, the gas
outlets 443 may be used to inject oxygen, or any other
gas into the pipes 433, The outlets 444 are connected
to the air outlets 4 15 for supply of air to the pipes
434 which act as air pumps. Alternatively the outlets
444 may be connected to a source of any other gas. The
pipe lines for supply of ozone to the outlets 443
which are in the form of flexible tubes pass through
glands 445 in the manifold 420 and extend down the
pipes 433 for connection to the outlets 443. Similar
glands 446 are provided for the air lines. Ports 448
are also provided in the manifold 421 to provide
access to the manifold 421 for cleaning purposes, the
ports 448 being normally closed by screw caps. As
shown in Figs. 84 and 85, the dividing discs or walls
432 are provided with apertures 447 which are
longitudinally aligned along the manifold 422. An
elongated rod-like or tubular member 448 extends
longitudinally through a drain port 449 at the end of
the manifold 422 and through the apertures 447 to
close and seal the apertures 447 to maintain the
separation between the chambers 428, 429, 430 and 43
J. When however it is desired to drain the chambers,.
the member 448 is withdrawn through the drain port 449
which allows water to drain through the port 449. In
use water to be treated is supplied to the inlet 435
and flows in a serpentine manner a$ indicated by the
arrowheaded line in Fig, 84 down the respective pipes
43 and up the smaller diameter pipes 434 and through
the respective chambers 423, 428, 424, 429, 425, 430,
426 and 431 to the treated water outlet 436 to exit
through the outlet pipe 437. Ozone and/or air from the
outlets 443 passes as bubbles up the pipes 433 against
the downward water flow. Any foam created in the
manifold 42 lor wastes in the water are carried by
bubbles of gas reaching the surface of the water in
the manifold 421 and collects in the waste pipes 440
and is directed to the common waste pipe or manifold
441 . Air exiting the outlets 444 passes as bubbles up
the pipes 434 to act as an air lift orair pump to
assist in water flow upwardly through the pipes 434.
To enhance the removal of impurities from the water
being treated in the apparatus 410 a foaming agent may
be added to water at the inlet 435 to the unit 4 11 to
assist in removing impurities from the water such as
heavy metals.. The foaming agent may comprise an
environmentally friendly detergent or any frothable
agent such as molasses. The foaming agent will create
a foam in. the pipes 433 which will cany heavy metals
upwardly through the pipes 433 for collection in the
waste pipes 440 which are directed to waste through
the waste line 441 . The water treatment unit 410 may
be used separately or in combination with the drum
filter module 450 which is similar to that described
in our International patent application No.
PCT/AU2006/ 000729. Mounted on the side of the filter
module 450 is an air blower 451, and ozone producer
452 of the above described type and an electrical
housing 453 for housing electrical components use in
association with the module 450. The water treatment
apparatus 4 10 of Figs. 76 to 85 may be used in
combination with the drum filter module 50 in the
manner shown in Figs. 87 to 90. The apparatus 410 and
module 450 are connected in series with the outlet 437
from the water treatment unit 411 being connected Co
the inlet 467 of the drum filter module 450 through 



connecting pipe 486. Further the waste pipe 441 from
the unit 4 11 and the waste outlet 469 from the module
450 are connected to a common waste outlet 487. Water
thus is initially treated in the unit 4 11 and then
flows into the drum filter module 450 for further
treatment with the treated water exiting through the
outlet 483. In an alternative configuration shown in
Figs. 9 1 to 94, the water treatment apparatus 410 is
again used in combination with the drum filter module
450 but in a reversed arrangement compared to that
shown in Figs. 87 to 90. The apparatus 410 and module
450 are connected in series with the outlet 483 from
the module 411 being connected to the inlet 435 of the
water treatment unit 4 11 through connecting pipe 488.
The waste pipe 441 from the unit 4 11 and the waste
outlet 469 from the module 450 are connected to a
common waste outlet 489. An extended inlet pipe 490 is
connected to the drum filter module inlet 467. Water
thus is initially treated in the module 450 and then
unit 4 11 for further treatment with the treated water
exiting through the outlet 437. The water treatment
apparatus of the present invention may be used for
grey water treatment, as a swimming pool water
cleaner, as a sewerage rccycyling unit, a
urinal-trough water to toilet-flush water converter,
as an aquaculture water remediation system, as a
drinking water treatment system or in any other water
treatment application.The water treatment apparatus
described with reference to Figs 76 to 85 may be used
in any application in combination with or separate
from the drum filter module 450. Referring now to
Figs. 95 to 98, there is illustrated further water
purifying or treatment apparatus 510 according to
another embodiment of the present invention, the
apparatus 510 including and upright hollow reservoir
511 which comprises a tubular member and which has an
inlet 512 connected to an upper end thereof. An inlet
pump 5 13 is connected to the inlet for supplying
water to be treated from any source to the reservoir
511. An overflow pipe 514 is also connected to the
reservoir through a gate valve 515. The apparatus 510
includes a series of substantially vertical ozone
contact and fractionator chambers 515. Each chamber
515 as shown in Figs. 99 to 101 comprises an elongated
tubular member 51.6 having an inlet 517 towards its
upper end and an outlet 518 at its lower end. The
tubular member 516 additionally includes a foam outlet
519 at its upper end which i$ of a generally U-shaped
configuration. At its lower end, the tubular member
515 is provided with a funnel-shaped waste outlet 520
connected ton a one-way valve 521, A diffuser inlet
522 is penetrates the wall of the tubular member 515
at a position above the inlet 517 and is connected to
a pipe or tube 523 which extends downwardly within the
member 515 to terminate in an outlet or difruser 524
towards the lower end of the member 515, The ozone
contact chambers 515 are arranged in a juxtaposed
position relative to each other and a series of return
or transfer pipes 525 are connected between the outlet
5 1 8 of one chamber 515 and the inlet 517 of the
adjacent chamber, The trailing or final return or
transfer pipe 525 terminates in a treated water outlet
526. The respective waste outlets 520 of the
respective chambers 515 are connected through the
respective oneway valves 521 to a common waste outlet
line 527 which terminates in an outlet valve 528. The
one-way valve 521 may be a manually operable valve or
may be a solenoid 



actuated valve. Alternatively the valve 521 may be
replaced by a pump controlled by a timer. The
respective foam outlets 519 are connected to
downwardly extending pipes 529 which are connected to
a common foam outlet pipe 530. The common outlet pipe
530 is connected to a foam reduction chamber 531 . The
chamber 531 as shown in Figs. 103 to 105 has an inlet
532 connected io a side of the common foam outlet pipe
530 and a waste outlet 533 at one end of the chamber
531. . Extending coaxially into the opposite end of
the chamber 531 is a healing element 534. The heating
element 534may alternatively be replaced by a
microwave emitter or ultrasonic vibrator. In use water
to be treated is pumped by the inlet pump 513 to the
reservoir 511 and when the level or water in the
reservoir 5 11 reaches the level of the inlets 5 17,
water will flow into the adjacent ozone contact
chamber 515. Continued supply of water to the
reservoir wi]] result in water being supplied to the
respective chambers 515 through the respective
transfer pipes 525 such that it flows in a serpentine
manner through the apparatus 510 flowing down the
respective chambers 515 and up the smaller diameter
transfer pipes 525 to the final transfer pipe 525 and
treated water outlet 526. Ozone or ozone enriched air
supplied to the inlets 522 flows down the pipes 523 to
the diffusers or outlets 524 to pass as bubbles
upwardly through' the chambers 515 against the
downward water flow. The bubbles of gas reaching the
surface of the water in the respective chambers will
carry waste particles to the surface and create foam
in the respective chambers 515. The foam passes
upwardly through the foam outlets 519 and passes
downwardly through the pipes 529 to the common foam
outlet pipe 530. The foam in the foam outlet pipe 530
passes to the foam reduction chamber 531 which is
reduced in volume by being exposed to the heat of the
heating element 534 before passing to waste through
the outlet 533. Larger particles collected in the
waste outlets 520 of the respective chambers 515 will
pass through the one-way valves 521 into the common
waste outlet line 527 and the valve 528 may be opened
periodically to purge large particles from the
chambers 151. If desired, air may be supplied to the
transfer pipes 525 in the form or bubbles for flow up
the pipes 525 to act as an air lift or air pump to
assist in water flow upwardly through the pipes 434.
To enhance the removal of impurities from the water
being treated in the apparatus 510 a foaming agent may
be added to water in the reservoir 511 to assist in
removing impurities from the water such as heavy
metals. The foaming agent may comprise an
environmentally friendly detergent or any frothable
agent such as molasses. The water treatment apparatus
510 as described above may be used in. many different
applications and used in combination with other water
treatment apparatus described in the above embodiments
such a$ a drum filter module or ultraviolet treatment
unit described for example in Figs. 63 or 86 or Figs.
72 to 75. The water treatment apparatuses and units of
the invention are typically fabricated from plastic
pipes however they may be constructed of other
materials. Thepipes which form the apparatus or units
may be joined through suitable connectors or bent into
the required shape to form the required connections or
joins. 



It should be noted that reference to the prior art
herein is not to be taken as an acknowledgement that
such prior art constitutes common general knowledge in
the art. The terms "comprising" or "comprise" or
derivatives thereof as used throughout the
specification and claims are taken to specify the
presence of the stated features, integers and
components referred to but not preclude the presence
or addition of one or more other feature/s, integer/s,
component/s or group thereof. Whilst the above has
been given by way of illustrative embodiment of the
invention, all such variations and modifications
thereto as would be apparent to persons skilled in the
art are deemed to fall within the broad scope and
ambit of the invention as herein described in the
appended claims.Claims 1. Water purification or
treatment apparatus including a plurality of elongated
water treatment chambers, each said chamber being
normally oriented in a substantially vertical
attitude, means interconnecting said chambers whereby
water to be treated flows in series through the
respective said chambers, means for supplying a gas to
the respective said chambers for bubbling upwardly
through water flowing in said chambers and creating a
foam at the upper surface of water in said chambers
and means for collecting said foam. 2. Water
purification or treatment apparatus as claimed in
claim 1 wherein said water is supplied to said
chambers to flow downwardly through the respective
said chambers. 3, Water treatment apparatus as claimed
in claim 2 wherein an inlet for water to be treated is
provided at an upper region of each chamber and
wherein each said chamber includes an outlet for water
at a lower region thereof and wherein the outlet of
one chamber is connected to the inlet of an adjacent
chamber such that water flows sequentially from one
chamber to the adjacent chamber. 4. Water treatment
apparatus as claimed in claim 3 wherein said inlet is
defined in or by an upper end of a chamber. 5. Water
treatment apparatus as claimed in claim 3 or claim 4
wherein said outlet is defined in or by a lower end of
the chamber. 6. Water treatment apparatus as claimed
in any one of claims 1 to 5 wherein said gas comprises
ozone or ozone enriched air. 7. Water treatment
apparatus as claimed in any one of claims 1 to 6
wherein said foam collecting means comprise foam
passages extending upwardly from the upper ends of the
respective chambers.S- Water treatment apparatus as
claimed in claim 7 wherein said foam passages include
a trap or traps tn prevent foam passing back into the
chambers. 9. Water treatment apparatus as claimed in
claim 8 wherein said trap or traps comprises means to
direct the foam at the upper ends of the chambers
downwardly away from the chambers, 10. Water treatment
apparatus as claimed in claim 9 wherein said trap or
traps comprise an inverted U-shaped member or members
11. Water treatment apparatus as claimed in any one of
claims 7 to 10 wherein said foam passages associated
with different chambers are of different cross
sections. 



12. Water treatment apparatus as claimed in any one of
claims 7 to 1 1 wherein said foam passages are
connected to a common foam waste passage or passages
for receiving foam from the foam passages and for
directing the foam to waste or for further processing
and treatment. 13. Water treatment apparatus as
claimed in claim 12 Wherein said common foam waste
passage extends transversely of the water treatment
chambers. 14. Water treatment apparatus as claimed in
claim 13 wherein said foam waste passage is
substantially horizontal or inclined to the
horizontal, 15. Water treatment apparatus as claimed
in any one of claims 12 to 14 wherein said common foam
waste passage are located above the water treatment
chambers or disposed below the upper ends of the
respective chambers. 16. Water treatment apparatus as
claimed in any one of claims 12 to 15 and including a
holding container for receiving foam from said common
waste passage. 17. Water treatment apparatus as
claimed in claim 16 wherein said holding container has
an outlet at its lower end through which solids may be
released, a foam inlet at its upper end and a water
outlet at its lower end for outward flow of condensing
water.18. Water treatment apparatus as claimed in.
claim 17 and including means for directing air or a
spray of water or liquid over the foam in the
container to break down the foam. 19. Water treatment
apparatus as claimed in claim 16 wherein said holding
container comprises a rotatable drum having a
perforated wall through which the water or liquid may
pass and an inlet for directing foam to be treated to
the interior of the drum. 20. Water treatment
apparatus as claimed in claim 19 wherein said holding
container includes means to reduce the volume of the
foam in the container, said reducing means comprising
one of a heating element, a microwave emitter or
ultrasonic vibrator. 21. Water treatment apparatus as
claimed in any one of claims 1 to 20 and including
return passages connected to the water treatment
chambers for conveying water to be treated between the
respective chambers. 22. Water treatment apparatus as
claimed in claim 2 1 wherein said return passage is
connected to an outlet at a lower end of one chamber
and extend upwardly therefrom such that water flows in
the return passage in a direction opposite the flow in
the chamber. 23. Water treatment apparatus as claimed
in claim 22 wherein said return passage has a flow
cross-section the same as or less than the flow
cross-section of the chambers. 24. Water treatment
apparatus as claimed in claim 22 or claim 23 and
including a gas outlet or outlets for supplying gas to
the lower end of the return passage for bubbling
through water flowing in the return passage. 25. Water
treatment apparatus as claimed in any one of claims 22
to 24 wherein said chambers and return passage arc
defined by first and second pipes. 26. Water treatment
apparatus as claimed in claim 25 wherein said chambers
are connected by pipe connectors forming a
U-connection between the pipes.27. Water treatment
apparatus as claimed by any one of claims 22 to 25
wherein said first and second pipes arc connected
through a manifold located at the lower end of the
first and second pipes. 



28. Water treatment apparatus as claimed in claim 27
wherein said foam collecting means arc defined by a
further pipe or pipe connectors connected directly or
indirectly to the upper end of the first pipe. 29.
Water treatment apparatus as claimed in claim 28
wherein a further manifold is be provided at and
connected to the upper end of the first pipe and
wherein said further pipe tor foam ia connected to the
further manifold to receive foam collecting in the
further manifold. 30. A water purification or
treatment assembly comprising a de-foaming unit, and
an ozone contacting unit, each said unit comprising
water treatment apparatus of the type defined in any
one of the preceding claims and there being means for
causing water to be treated to pass through said
de-foaming unit and said ozone contacting unit. 


