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Executive Summary 
 
This document is the final report for a Project undertaken with the assistance of funding 
from the Smartwater Fund Round 2. The project is entitled BioFlo Greywater Biofilter 
and has as its objective the creation of a household greywater treatment and recycling 
system. This project builds upon work undertaken in a project partially funded by the 
Smartwater Fund Round 1.  
 
The project has been completed successfully and the resulting device is a system which 
can effectively produce “Class A water for reuse in specific domestic dwellings” from 
household greywater and also facilitates nitrification during the treatment process. The 
system itself is unobtrusive and ideal for installation in most domestic houses, both new 
and existing.  
 
During the course of the project BioFlo became aware of another business Rain Reviva 
which independently was investigating domestic household greywater treatment using a 
high rate peat system. The owners of BioFlo and Rain Reviva have come together and 
combined the resources of the two businesses enabling the effective completion of the 
project. A new business called New Water, owned by people involved with both BioFlo 
and RainReviva has been formed and this entity will manage the commercialization of 
the PCS.  
 
The Project encompassed five milestones all of which have been completed as described 
herein. The development of a biofilter which would be of a size that could be easily 
located in a domestic household was the first main step. This was accomplished as 
expected, building on the knowledge gained from the project partially funded by the 
Smartwater Fund Round 1 and the knowledge from RainReviva.  
 
One of the key challenges of the project, however, was to develop a disinfection process 
to support the biofilter. This involved a significant amount of time and research not only 
to develop the process but also to determine what disinfection chemical was the most 
appropriate, given all the influencing factors; public health, environmental friendliness 
and economic pressures. The resulting process, utilizing bromine, is an extremely 
effective and environmentally friendly outcome. It has been seamlessly linked to the 
biofilter.  
 
Overall the outcome of the Project has been very successful with a system developed that 
has the potential to make a significant contribution to reducing the demand for potable 
water in Victoria and the rest of Australia.  
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Introduction 
 
1. Summary of Project 
 
The ambition of this Project was to develop a practical and effective household greywater 
treatment system, incorporating the peat-based Biofilter technology developed by BioFlo 
Pty Limited (BioFlo). This technology was (and is) already delivering treatment of septic 
tank effluent to levels approaching Class A in a single pass in a completely passive 
system. This latter capability was developed in part through funding pursuant to a 
Smartwater Fund Round One Grant. 
 
The current Project represents an extension of the activity undertaken in the Round One 
grant and specifically was intended to answer the following questions: 
 

• Can BioFlo’s biofilter actually deliver Class A water for reuse in specific 
domestic dwellings when supplied with diverse greywater streams, either alone or 
in combination with a post-filter disinfection step? 

 
• In particular, what is the minimum depth of peat bed and/or contact time/flow rate 

required to deliver consistent treatment? 
 

• Given the flow rate need not be an issue, what is the smallest biofilter module that 
will usefully serve as a household greywater treatment system? 

 
It is important to note what the definition of Class A water for reuse in specific dwellings 
actually refers to. Throughout this report the expression Class A water for reuse in 
specific dwellings will be used and for clarity what it means is as follows: 
 
“Class A water for reuse in specific domestic dwellings – this is distinct from the 
legislative definition of commercial Class A water for recycling which contemplates use 
beyond a specific dwelling and involves regular testing for the removal of specific 
pathogens including viruses, helminths and protozoa. In this instance we considered 
Class A for reuse to be treated water that achieved at least the following criteria: 
 
·        B.O.D (5) of less than 10 milligrams per litre 
·        Suspended solids of less that 10 milligrams per litre 
·        Presumptive Faecal Coliforms of less than 10 per 100 millilitres 
 
This level of treated water is able to be used within the confines of a specific dwelling in 
a manner that is unrestricted because of the microbiological content provided it is not 
used for drinking purposes.  
 
It is anticipated that the system would achieve the additional outcomes of reducing the 
specific pathogens mentioned above (viruses etc.) but no testing was done for this due to 
cost constraints. The reason such a conclusion is drawn is that by achieving the level of 
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reduction in the parameters included in the tests (BOD/SS/Ecoli) it is possible that a 
reduction to Class A level with respect to the specific pathogens could be achieved but 
this would need to be proved via additional testing.” 
 
Overall the impact of successfully achieving the aims of this project is significant. This is 
because it will allow households to recycle approximately 40%-50% of their water thus 
considerably reducing demand on potable water supplies. This in turn has a flow on 
effect of reducing the load on the sewage system and thus reducing various energy costs 
associated with managing, maintaining and developing the sewage system. 
 
In the current environment of reducing water supplies and indeed of greater social 
awareness of triple bottom line contributions, the success of this project will have a great 
positive benefit for Victoria and the rest of Australia. 
 
2. Work Undertaken 
 
The work to develop the greywater treatment system was completed in a logical manner 
and broken into five milestone components. During the course of this work, Bioflo 
became aware of another business Rain Reviva which independently was investigating a 
domestic household greywater treatment using a high rate peat system. The owners of 
Bioflo and Rain Reviva have come together and combined the resources of the two 
businesses which has enabled the intended research milestones of the Smart Water Fund 
Round 2 to be trialed in actual household installations. The greywater treatment system is 
called a Peat Cartridge System (PCS) it has been approved for trial by the EPA (Approval 
Number CA 89/04 dated 6/7/04).  
 
The milestone components are as follows: 
 
Milestone 1 – Planning 
 
• Refine test protocols 
• Develop communications strategy 
• Review project plan 
• Approve plan 
 
Milestone 2 - Initial Testing 
 
• Collect data from STE biofilters 
• Summarise existing data 
• Draft interpretative report 
• Draft detailed test plan 
• Approve report 
• Approve plan 
 
Milestone 3 – Initial Household Trials 
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• Installation of PCS system at Maidstone House 
• BOD and SS removal performance using inlet and outlet sampling (NATA lab) 
• Nutrient loading analysis: 

o TN particularly at inlet (reported limiting) 
o TP particularly outlet (disposal limiting) 
o Interim performance report 

 
Milestone 4 – Disinfection System 
 
• Set up trial unit in factory for air pump system on water 

o Dosing control 
o Mixing control 
o Retention 

• Set up trial in factory using disinfectant 
• Disinfectant concentration trial 
• Set up trial unit in factory for tablet contact system using water 

o Hydraulic control 
o Mixing control 
o Retention 

• Interim report on disinfection system 
 
Milestone 5 – PCS Householder Trials 
 
• Add disinfection system to household unit Maidstone 
• Sample system for all EPA parameters including performance of disinfection system. 
• Final report on PCS householder trials 
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The Technology 
 
Initial testing was undertaken utilizing both the results from the Olinda trials (SWF 1 
project) and work completed by Rain Reviva. This indicated that it was possible to 
develop a system which indeed would utilize peat (but be required to be supported by a 
disinfection step) to potentially deliver Class A water for reuse in specific domestic 
dwellings from treating household greywater. The details of the system which was finally 
concluded as being “ideal” are described below. This is considered from physical 
component perspective and a process perspective. The system which has been developed 
is the subject of an international patent. 
 
The heart of the treatment process is using a media including peat as a biological fixed 
growth reactor (FGR) media to achieve a 20:30 effluent. The treatment process is 
followed by a disinfection stage that will reduce the E. Coli to less than 10 orgs/100 ml. 
Initial trials indicated that an even higher quality effluent will be achieved (less than 10 
BOD (5),  SS and turbidity of 2 NTU). Thus the system clearly delivered a Class A water 
for reuse in specific domestic dwellings, the breadth of this reuse is extensive. 
 
 
1. A simple pictorial representation of the PCS System is included as Figure 1 below. It 

is evident from this picture that the system is aesthetically pleasing and is designed to 
be as unobtrusive as possible. It is important to note that the system is also designed 
to be completely self-contained with no involvement from the householder. Further it 
is also designed to be safe with a fail to sewer process built into it so if there is any 
problem the system will turn-off and simply divert to sewer.  

 
Fig. 1 
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A brief description of the physical components are as follows: 

 
• Greywater Collection Cell 
 

A licenced plumber will connect the household greywater discharges from the 
shower/bath, laundry and hand basins, as agreed with the householder, to the 
Collection Cell. The number of connections will depend on the physical layout of 
the discharges and the householders reuse intentions.  
 
The Collection Cell can be sized to suite the likely greywater usage of the 
household e.g. number of residents and this would not adversely impact on the 
PCS system. However, a minimum Collection Cell of 700 l capacity has been 
adopted, even if only part of the greywater is proposed to be treated by the 
householder. 
 
Apart from the minimum volume, the critical process parameters for the 
Collection Cell are: 
 

o Inclusion of an automatic overflow to sewer. 
o Isolation in the event of servicing. Note, isolating the Collection Cell will 

not affect the discharge of greywater from the household to sewer.  
o Isolation of the Collection Cell during periods when not in use or direct 

diversion to sewer e.g. winter. 
 
These critical process parameters have been demonstrated in practice where the 
Sac system for the Collection Cell has been used for rainwater harvesting. 

 
• Pumped feed to Treatment cell 
 

The greywater in the Collection Cell will be pumped at a selected rate to the 
Treatment Cell. The system has been designed to use a 12V pump. The use of a 
12V pump enables the householder to have a choice of using solar energy.  
 
The greywater flow rate and volume treated can be varied both by an adjustable 
timer (duration of pumping) and/or pump flow rate.  

 
• Treatment Cell 
 

The Treatment Cell is a molded fabrication into which cartridges are inserted and 
the peat based biological process takes place. 
 
The Treatment Cell is suitable for location outside and generally will be located 
under the eaves of the house in a convenient position for inspection, sampling, 
servicing and monitoring. The height above ground will depend on the 
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requirements of each householder, but the intention is that, where practical, 
gravity feed to the Disinfection Cell and Reuse Cell will occur.  
 
The performance of the cartridges containing specific media and peat is the heart 
of the PCS system. Each cartridge comprises 3 canisters, each with a different 
media composition. The process is based on: 

 
o Use of the fixed growth reactor (FGR) technology. The Treatment Cell 

combines the biological reactions that take place in FGRs with enhanced 
filtration capability. 

o Cartridge design. The cartridge design allows for hydraulic loading at 2 
levels and enhanced airflow passage. It is this characteristic, in particular, 
that is subject to patent application. The cartridge is also designed for ease 
of replacement 

• Disinfection Cell 
 

The Disinfection Cell comprises 3 process requirements: 
 

o Chemical Dosing. The disinfectant is used in sufficient concentration to 
achieve the required pathogen kill and leave a residue to prevent regrowth. 
After considerable evaluation, which is the subject of the next section of 
this report, Bromine was selected as the disinfection chemical. 

o Mixing. The volume of chemical dosed is small compared to the main 
body of effluent and for effective disinfection good mixing is critical. 

o Detention. Concentration and time are the main process parameters and a 
minimum of 30 minutes retention will be included. 

 
• Re-use Cell 
 

The configuration and capacity of the Reuse Cell is dependent on the intended 
reuse by the householder. It is also important to note that there is an automatic 
overflow that will discharge direct to sewer in the event the Re-use Cell reaches 
its full capacity.  

 
2. Description of Process Treatment Technology - The above section discussed the 

system from a physical perspective, it is also important to consider the process 
perspective. Accordingly, detailed in Figure 2 (embedded below) is a process drawing 
highlighting how the system works in a process sense.  
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The process can be described as follows: 

 
The PCS system comprises a Collection Cell to balance out the substantial variation 
in flow and composition of the greywater over the day. The minimum capacity of the 
Collection Cell is 700 l and incorporates an automatic overflow to sewer. The 
composite greywater is then pump via a hair and lint trap to a Treatment Cell where 
biological treatment, together with chemical and physical removal processes, take 
place. The intermittent pump rate is timed to give a total volume matching the 
householder anticipated demand. 
 
The Treatment Cell has three replaceable cartridges each capable of treating up to 235 
l/d giving a total capacity of 700 l/d. The module design enables treatment capacities 
suitable for schools, hotels, offices, etc to be included in the PCS system. It is also 
proposed to submit for testing a single cartridge unit suitable for up to 235 l/d suitable 
for units and/or small town houses. 
 
The treated effluent is then disinfected and held for a minimum of 30 minutes. It is 
anticipated that the effluent quality after disinfection will have less than 10 
thermotolerant coliforms/100 ml, 1 helminth/l, 1 protazoa/50 l and 1 vius/50 l.  
 
The treated effluent then passes to a Reuse Cell sized to suite the householder’s reuse 
requirements. The Reuse Cell also incorporates an automatic overflow to sewer or 
approved discharge. The automatic overflows at either end of the treatment plant and 
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other safeguards effectively guarantees that there will be no uncontrolled discharge to 
the environment. 
 
The PCS system is to be installed by licenced plumbers under agreement with the 
company who will also enter into a Service Agreement with the householder. The 
Service Agreement will include pre-set regular visits, a program of maintenance and 
replacement of the Cartridges at least every two years. As part of the commitment by 
the company to sustainable processes, the peat and media collected under the Service 
Agreement will be reconditioned.  
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Disinfection Options 
 
There is considerable debate and uncertainty with respect to the health risks associated 
with the reuse of greywater within the householder’s property. It can be argued that 
because the reuse is within the house and property setting, the public danger is 
‘internalized’. The householder is the source of potential infection or directly in contact 
with the source and the reuse application is within the householder’s house/garden. 
Although the public risk may be relatively small compared to ‘open’ discharge, it is still 
generally considered unacceptable and disinfection is required.  
 
One of the challenges once it was determined that the system needed a disinfectant step, 
was to determine exactly how this should be developed. The specific set of activities to 
achieve this were the subject of Milestone 4.  
 
The literature varies widely on the concentration of microbiological contamination in the 
sources of greywater, typically levels of 106 cfu/100 ml of thermotolerant coliform in 
bathwater1 are reported. In a laundry wash, which includes soiled clothes e.g. nappies, 
above107 cfu/100 ml have been recorded. Depending on the reuse application, different 
levels of microbiological contamination have been set by the greywater treatment plant 
licencing authorities. The degree of disinfection required ranges from 10 E.coli/100 ml 
with additional restriction on helminth and other pathogens for Class A to no disinfection 
if approved subsoil absorption trenches are used. The latter application is a disposal 
mechanism rather than what is normally considered reuse. 
 
The development work undertaken was to achieve a disinfection standard to satisfy the 
Department of Human Services (DHS)2 requirement for: 
 
Garden irrigation 

• Surface 
• Sub-surface drip 
• Subsurface-soil trench 

 
In-house use: 

• Toilet flushing 
• Washing machine 

 
With respect to the microbiological contamination this requires, in addition to other limits 
set: 

•  10 E.coli/100 ml. 
• A chlorine residual of 0.5 mg/l after 30 retention3. This topic is one about 

which a significant amount of research has been undertaken and indeed a 

                                                 
1 NSW Health. ‘Greywater Reuse in Sewered Single Domestic Premises’. April 2000 
2 ‘Appropriate reuse of greywater’ DHS, Environmental Health Unit, October 2003 
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paper has been submitted to both NSW Health and the Victorian EPA to 
indicate appropriate residual values and a corresponding testing regime where 
it is necessary to convert residual Bromine values to chlorine equivalents. This 
paper is attached as Appendix 1. 

 
Choice of Disinfectant 
 
In the water and wastewater industry chlorine has been the dominant choice of 
disinfectant. There has been a wide range of other chemicals and methods of disinfecting 
wastewater effluents, which have found niche applications and/or markets, for example; 
iodine was commonly used in hospitals and as tablets for travelers to disinfect drinking 
water. 
 
UV has become more popular in recent times as it does not result in Disinfectant By 
Products (DBPs). However, it does not have a residue and if the effluent is to be stored 
bacterial re-growth can occur creating a potential health problem. To efficiently reuse 
greywater, particularly for garden applications, storage is required and hence a residual is 
needed. If UV was used chlorine or other disinfectant chemicals would be required, 
adding considerably to the householder cost. The cost factor is very important, because 
unless the total price for the greywater unit falls within a substantial user market, sales 
will not occur and the environmental benefits of reuse will just not be realized. 
 
The UV lamp requires regular cleaning and replacement which, in practice, householders 
can not be relied on to do over the years of operation a greywater system is design for. It 
is our assessment that, despite the environmental advantages, the operating reliability of 
small UV systems depending on constant consumer vigilance does not make this system 
suitable without raising considerable health issues.  
 
Given it is evident that UV is not the best option it was decided to examine a number of 
chemical disinfection options to identify the best alternative for use with greywater. 
 
Chlorine 
 
As stated above, in the water and wastewater industry chlorine has been the dominant 
choice of disinfectant, despite the researched, reported and investigated in detail potential 
environmental and health issues. There has been general recognition that the advantages 
have substantially outweighed the disadvantages, although some progress has recently be 
made into economically alternative system, at least for the major plants. 
 
Although a hazardous material chlorine is: 
 

• Relatively easy to handle, especially as a hypochlorite, 
• Is effective at low concentrations in rapidly and effectively disinfecting water, 
• Cheap compared to the many other potential disinfectants on the market,  

                                                                                                                                                 
3 Clarification is in the process of being sort with respect to use of the ‘chlorine equivalent’ when bromine 
is the disinfectant, as for swimming pools and spa baths. 
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• There are accurate dosing and control systems available that allow for 
automatic monitoring, alarms and safeguards, 

• If stored correctly can be made relatively stable, 
• Effective in providing a controllable residual to protect the public from 

regrowth within a distribution system, 
• There is a large body of information and experience and effectively many 

authorities etc uses chlorine by ‘default’. 
 
However, chlorine also: 
 

• Oxidizes compounds likely to be found in the greywater (e.g. nitrogenous 
compounds) to form DBP which, in some situations, can be carcinogenic. 

• Has a public perception, at least, that suggest it is less than ideal for use in the 
garden. 

 
Two of the other halogens, bromine and iodine, to a greater or lesser extent exhibit 
similar disinfection properties to chlorine. Both have been investigated and trials 
conducted for their use with the greywater treatment plant.  
 
Iodine 
 
Iodine was used as a disinfectant in hospitals for a long time and in tablet form is still 
used by travelers to disinfect water. These two applications tend to give iodine a better 
public image than chlorine. However, in both these applications there is a trend away 
from the use of iodine which may or may not be related to the health hazards attributed to 
iodine if not used in the correct way. In Victoria iodine has not been used in hospitals for 
some time. 
 
Iodine is also used quite extensively as a disinfectant in the food preparation industry e.g. 
preparing potatoes for market. 
 
The potential ‘cleaner’ image that iodine has over chlorine, encouraged the investigation 
of iodine as a disinfectant for greywater. 
 
During the initial investigations it became apparent that rather than simply developing an  
application for dosing small quantities of iodine economically it was necessary to 
undertake more basic research. Intensive Internet and literature searches were undertaken, 
which produced little valuable practical data on very low dosing methods and the method 
of control. Discussions with suppliers of iodine was surprisingly unhelpful and little 
interest was shown in providing data on different grades, solubility, examples of any 
other related uses, etc. In addition it became apparent that the main control mechanism 
currently used in many, if not most, industry applications is not in the dosing mechanism 
but recovery of the excess iodine. Excessive iodine is dosed and that not used is 
recovered through an ion exchange process. The iodine rich resin is then further 
processed to capture the iodine for reuse. The regenerating for reuse is critical in the 
economic viability of using iodine. Thus two outcomes we required; firstly an appropriate 
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dosing mechanism and secondly an appropriate Ion exchange mechanism using resin to 
recover the excess Iodine. 
 
The potential to easily remove excess iodine would offer a ‘chemical free water’ which 
would have considerable environmental and marketing advantage for household 
greywater systems. 
 
A prototype unit (IDU) was supplied by a company operating similar equipment in the 
food industry. This unit was installed at a household trial in Maidstone. The IDU did not 
include a mechanism for back flushing the resin and/or fluidizing the resin bed. The 
supplier considered that at the very low hydraulic loading rates to be applied this should 
not be a problem.  After a short time of operation it was evident that even at these low 
hydraulic loads the resin bed packed. The time before the hydraulic restriction was 
unacceptable was days rather than the months for which the IDU was to be designed. It 
was also found that the underdrain system supplied was not suitable for this application. 
As a consequence further factory development and tests were required. These are 
reported below. 
 
Meetings were held with resin suppliers to see if there were alternatives such as a coarser 
resin, which would not pack down.  
 
The issues that presented themselves at this stage of the development/research of the IDU 
were: 

• Lack of a practical body of literature on controlled transfer of relative low 
concentration of iodine when using crystals. This problem could be overcome 
in time and there was the possibility of using the air pump and a concentrated 
iodine solution. 

• The underdrain provided was not suitable. It was felt that a suitable solution in 
the time and cost range could have been found. The first requirement before 
investigating further a suitable underdrain being the need to establish the resin 
to be used. 

• A resin that did not need fluidizing on a regular basis. The fluidization can be 
readily solved, as the design data is standard practice in the use of ion 
exchange resins in a wide range of industries. However, in a householder 
greywater application the cost of providing a fluidization mechanism would 
take the IDU out of the market for which the greywater system is intended. 

 
 
While it was possible to resolve the first two issues above, it was not possible to resolve 
the third issue as no alternative resin was located that is hydraulically suitable and iodine 
selective. Without this resin the direction of the development work in the factory had to 
change 
 
Whilst iodine remains an attractive disinfectant, extent of research and development work 
to find an economical solution for the householder greywater application in both time and 
cost is considerable. 
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Before progressing further in this direction the use of bromine as a disinfectant was 
considered. 
 
 
Bromine 
 
Bromine, as for iodine, has been ‘upstaged’ by chlorine in its use as a disinfectant in the 
water and wastewater industry. Bromine was used in the 1930’s for disinfecting water 
and was registered in 1976 by the US EPA for disinfection of potable water on naval 
ships. It did not come into main stream as a water/wastewater disinfectant possibly 
because in the 1970’s chlorine was (and is) more economical. In addition, during this 
period of rapid expansion environmental and health issues were not given the same value 
as today. 
 
Technically it is quite surprising that chlorine dominated as bromine, especially in 
combination with a small amount of chlorine, appears to have a number of disinfectant 
advantages over chlorine, when used by itself, including: 
 
• Compared to chloramines the bromamines (NH2Br, NHBr2, NHBr3) are about as 

effective disinfectants as the hypobromous acid (HOBr)4. At a pH above about 7.5 
dibromoamine, for example, is almost as effective as chlorine. 

• A higher pH e.g. 7.5, does not have such a negative impact on the disinfection 
properties as for chlorine. Chlorine is most efficient at a pH of about 6.5 and there are 
advantages in keeping drinking water at a pH of at least 7.5.  

• It is not a new product requiring extensive public education etc as there are already a 
range of bromine5 products with dosing systems in common use and available 
commercially for use in spa baths and indoor swimming pools, where it is the 
preferred disinfectant.  

• The DBPs generated and associated public health issues have been extensively 
researched and documented again giving a sound base for its application to 
greywater6.  

• The potential DBP (carcinogens in particular) generated during disinfection are 
substantially less harmful. 

• Bromine is extensively used in the preparation of food for market and consumption 
with or without cooking e.g. broccoli washing. In these environments the bromine is 
carrying out disinfection often in applications where there are very high solids 
contents (soil from the potatoes). An advantage with respect to the formation of DBPs 

 
The health requirements for public swimming pools and spa baths are high as one would 
expect and this has been one of the main driving forces in the extensive and detailed 
                                                 
4 Biolob Water Additives. 13.6.02 
5 The use of the term ‘bromine’ when referring to a product commercially available in this report means 
that bromine is the main disinfectant but there is also an amount of chlorine (e.g. typically 20% to 30%) 
acting as a disinfectant. 
6 US EPA RED Facts Bromine. EPA-738-F-93-023  1993. 
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public health research undertaken. In swimming pools and spa baths there is intended 
body contact and some inevitable ingestion. With greywater reuse there may be no 
contact (sub soil) or generally unintentional contact.  
 
In home spa baths and mainly indoor swimming pools, disinfection is achieved through 
the use of proprietary bromine dispensers. There is a wide range of dispensers readily 
available from pool shops etc. Typically the bromine pellet is placed in a container which 
floats or is located ‘in-line’ on a pumped recycle flow. The better dispensers have a 
mechanism for adjusting the amount of bromine that is transferred into solution. 
Although there are graduation marks to suggest a bromine concentration can be selected, 
in practice, it would be unusual for the indicator and bromine concentration to correlate.  
 
The onus of setting and maintaining a suitable bromine concentration rests with the 
householder. Frequently the result is inadequate microbial control or very high levels of 
residual/combined bromine. It is understood that there is no initiative to change or 
upgrade this approach to public health and the risks associated with this crude form of 
microbiological control. Friends (children) and guests who are invited to swim or have a 
spa bath are not asked to sign a liability disclaimer and/or sign that they do not have 
(possibly don't even know) a transferable virus, for example. The reason possibly has 
more to do with the practicality of controlling backyard swimming pools and household 
spa baths, than a strict public health risk assessment. 
 
In general, greywater will have a higher microbiological count than swimming pools and 
spa baths and hence untreated a potential higher public risk. Greywater effluent has 
legislated much lower microbial counts and control requirements for its reuse (garden, 
toilet, washing machine) than spa baths etc. However, reuse application do not have the 
same body contact and inevitably for ingestion as the backyard swimming or spa baths 
have. There therefore appears an inconsistency in this public health approach.  
 
It is unlikely that greywater disinfectant requirements will be reduced to the level of 
household spa bath or swimming pool control. It would therefore appear that a simple 
‘off the shelf’ bromine dispenser used typically in household application will not give 
sufficient control in a greywater application to satisfy the approval process. 
 
As a result of this a bromine dosing system has been developed that satisfies the 
microbial control as well as the physical and chemical parameters required for greywater 
household treatment.  
 
In order to complete the development of this unit 3 types of physical structures were 
considered and trials undertaken on each (this is referred to in the next section). 
Ultimately what was concluded was that a controlled syphon style approach worked the 
most effectively. A diagram of this unit is attached as Appendix 2. 
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Household Trial Results 
 
The complete PCS system including a bromine dosing unit was actually installed in 3 separate 
houses and the effluent either discharged straight to sewer or used for sub-surface irrigation: 
 
1. Mt Evelyn – here the final best performing syphon style BDU was used; 
2. Williamstown – here a suspended floating BDU was used; 
3. Maidstone – here the air pump type of BDU was used; 
 
Pictures of each of these installations are attached as Appendix 3. The purpose of installing the 
PCS system into multiple locations was to enable the assessment of variations on the same 
underlying approach to determine which configuration provided the best outcomes. In particular 
to enable a conclusion upon what type of BDU was the most appropriate. 
 
In terms of what the “best outcomes” are, it is pertinent to refer to the Victorian EPA guidelines 
which specify re-use applications for various types of treated effluent. There is actually not a 
formal definition for Class A water at a household level however it is generally considered to be: 
 
• B.O.D (5) of less than 10 milligrams per litre 
• Suspended solids of less that 10 milligrams per litre 
• Presumptive Faecal Coliforms of less than 10 per 100 millilitres 
• Residual Chlorine of between .5 and 2 milligrams per litre 
 
It is not surprising to note that it is at this level of quality that a household may re-use its treated 
effluent to flush toilets (and operate a washing machine but this is only allowed in NSW, ACT 
but not in Victoria). 
 
One further set of measures to consider are those that relate to quantifying the amount of 
nutrients which are removed from the greywater during treatment. This is relevant from an 
environmental perspective as uncontrolled discharges has the potential to contaminate storm 
water and ground water. In this instance the types of measures to be considered are: 
 
• Nutrient levels 
• pH levels 
• “Salt” levels 
 
The household trial process which was adopted was to install the systems into the three houses 
mentioned above which closely involved the participation of the householders. Once the systems 
were installed a third party NATA accredited laboratory was engaged to undertake independent 
testing of the influent and effluent going into and coming from the systems. The specific tests 
undertaken by the NATA laboratory were to test the variables mentioned above – specifically 
including: 
 
• B.O.D (5) - milligrams per litre 
• Suspended solids - milligrams per litre 
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• Presumptive Faecal Coliforms - amount per 100 millilitres 
• Ammonia Nitrogen as N - milligrams per litre (the measure of the reduction of ammonia is 

reflective of nitrification) 
• Total Nitrogen as N - milligrams per litre 
• pH 
• Total Phosphorous as P - milligrams per litre 
• COD - milligrams per litre 
 
Extracts from this testing are attached as Appendix 4 but can be summarized below: 
 
Mt Evelyn Site – influent and treated effluent: 
 
Analyte 14/4 14/4 9/5 9/5 3/6 3/6 9/7 9/7 
 Influent Effluent Influent Effluent Influent Effluent Influent Effluent
         
BOD (5) 140 20 110 12 87 8 100 6 
Suspended 
Solids 

130 12 120 6 38 2 72 <1 

Ammonia 
Nitrogen as 
N 

13 3.3 14 12 No 
measure 

No 
measure 

11 15 

Total 
Nitrogen as 
N 

24 33 23 19 No 
measure 

No 
measure 

18 18 

pH 9.1 6.6 9.5 7.6 No 
measure 

No 
measure 

8.9 7.1 

COD 370 74 330 140 54 50 160 38 
Total 
Phosphorous 

8.6 11 14 12 No 
measure 

No 
measure 

8.5 12 

Presumptive 
Faecal 
Coliforms 

200000 <10 1100000 <10 1000 <5 16000 <5 

         
 
Comments: 
 
The system was installed in early April and as expected it took some time for the biological 
growth to occur within the treatment cell. Once this occurred by May the unit started to operate 
well. Unfortunately due to a combination of the temperature and the size of the collection cell the 
biological growth has taken place to a level which is good from a health perspective but has not 
had the desired impact on nutrient levels. This has been adjusted in the final design of the system 
to be more in line with that used in Williamstown where nitrogen reduction is occurring at a 
greater rate. It is clear from the above results that the BDU is extremely effective irrespective of 
the influent quality. 
 
Williamstown Site – Quality of influent and treated effluent: 
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Analyte 22/3 22/3 ¼ 1/4 8/6 8/6 20/6 20/6 
 Influent Effluent Influent Effluent Influent Effluent Influent Effluent
         
BOD (5) 75 18 55 21 70 6 74 <5 
Suspended 
Solids 

17 7 16 10 22 <1 31 2 

Ammonia 
Nitrogen as 
N 

14 5 5.9 6.6 16 7.5 9 2.4 

Total 
Nitrogen as 
N 

19 10 9.1 10 19 16 15 11 

pH 7.6 6.6 7.2 7.1 8 6.5 7.5 6.2 
COD 230 77 74 46 160 36 230 51 
Total 
Phosphorous 

16 16 2.8 3.4 10 11 12 14 

Presumptive 
Faecal 
Coliforms 

1000 500 30000 44000 NA 500 45000 <100 

         
 
Comments: 
 
The system was installed in early March and as expected it took some time for the biological 
growth to occur within the treatment cell. Once this occurred by late April the unit started to 
operate well and if the June results are reviewed it is clear the system is operating as expected in 
all areas except the Faecal Coliforms. This is specifically due to the BDU being used which is of 
the type typically used in household Spa Baths. It is not as robust as the one used at the Mt 
Evelyn site. It is interesting however to contrast the nutrient results with Mt Evelyn and to see 
how in that area it is performing very well. This is due to the fact it is a more mature installation 
with the biological matrix fully developed.  
 
 
Maidstone Site – Quality of influent and treated effluent: 
 
Analyte 17/12 17/12 28/1 28/1 8/6 8/6 
 Influent Effluent Influent Effluent Influent Effluent 
       
BOD (5) 27 <5 90 16 45 7 
Suspended 
Solids 

20 <1 36 10 18 8 

Ammonia 
Nitrogen as 
N 

6.2 9.6 .4 2.8 .4 .4 

Total 8.6 11 4.5 5.3 3.6 4.1 
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Nitrogen as 
N 
pH 7.0 7.2 7.1 6.7 6.8 6.7 
COD 64 NA 250 65 160 130 
Total 
Phosphorous 

7.4 4.3 12 14 11 13 

Presumptive 
Faecal 
Coliforms 

66000 1400 800000 130000 NA <100 

       
 
Comments: 
 
The system was the first one installed in Victoria and it has required some modification during 
the period of its installation. Interestingly and on a very positive note, the householder went on 7 
weeks leave and was absent from the house for 7 weeks returning 1 week prior to the final test 
documented above. The quality of the effluent supports the process advantages of the FGR 
System considering the treatment cell had been inactive for some time. The BDU used at 
Maidstone is still in its development phase and will continue to be fine tuned. 
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Conclusions 
 
In summary what has been developed over the course of the project is a robust highly 
effective greywater treatment system that can provide both Class A water for reuse in 
specific domestic dwellings, and water that has had a significant amount of damaging 
nutrients removed from it.  
 
The effectiveness of the project can be brought back to the initial project design and 
answering the questions posed at its outset: 
 

• Can BioFlo’s biofilter actually deliver Class A water when supplied with diverse 
greywater streams, either alone or in combination with a post-filter disinfection 
step?  
 
Considering the results of the household trials it is clearly possible to achieve 
Class A water for reuse in specific domestic dwellings, although it has been 
necessary to supplement the biofilter with post-filter disinfection.  

 
• In particular, what is the minimum depth of peat bed and/or contact time/flow rate 

required to deliver consistent treatment?  
 

The significance of the depth of peat is of less importance than the surface area 
and subsequent flow paths that are created through the matrix (peat bed). In this 
instance the matrix has been developed to treat 700litres (+/- 10%) of household 
grey water per day.  

 
The significant and innovative changes (from that of the “commercial size” 
biofilter developed in the SWF 1 Project) have been the division of the flow into 
three equal proportions and the subsequent distribution of the flow over a 
reduced surface area whilst still maintaining the treatment levels. To facilitate the 
same treatment over a reduced surface area it has been necessary to understand 
in greater detail the composition of household greywater beyond what is currently 
reported in accepted scientific literature. This has enabled us to modify the peat 
matrix in a way that allows for the reduction in its size. 
 

• Given the flow rate need not be an issue, what is the smallest biofilter module that 
will usefully serve as a household greywater treatment system? 

 
Indeed the flow rate is not an issue given the system is designed to treat a 
maximum of 700 litres per day (+/- 10%) and it is clear that most domestic 
houses do not produce this level of greywater, nor do they have the need to re-use 
more than this level. In view of this, the biofilter (or treatment cell as shown in 
Appendix 1 and 2) is the optimum size to treat this amount of greywater. 
Specifically its dimensions are: width 1,100mm/height 900mm/depth 450mm. 
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Overall it is reasonable to conclude that the system once installed and running for 
approximately three months yields water with the following characteristics: 
 
• B.O.D (5) -  less than 10 milligrams per litre 
• Suspended solids – less than 10 milligrams per litre 
• Presumptive Faecal Coliforms – less than 10 coliforms per 100 millilitres 
• Residual Chlorine – between .5 and 2.0 milligrams per litre 
• Ammonia Nitrogen as N - milligrams per litre – at least a 50% reduction from the 

influent levels indicating significant nitrification is occurring in installations that are 
mature – ie where the biological matrix has fully developed such as the installation at 
Williamstown. 

 
When this is linked to the fact that the system can be unobtrusively installed in most 
homes, both new and existing, and the fact that it is aesthetically appealing, then the 
outcomes of the project are very positive indeed. 
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Appendix 1 - Use of DPD Testing with Bromine 
 
 
Introduction 
 
The purpose of this document is to propose the methodology and criteria for using a DPD 
(diethyl-p-phenylene diamine) test in an environment where bromine is used to disinfect 
treated greywater. This methodology and criteria cover two main areas: 
 
1. The process to be used in physically testing for residual levels; and 
2. The appropriate values of those residual levels.  
 
The reason for preparing this document is simply that there is a lack of specific 
parameters surrounding the use of bromine as a disinfectant for treated greywater from 
both a chemical reaction perspective and a physical testing perspective. There are 
however a number of very good reasons that are mentioned in this document as to why 
bromine is an equal if not better disinfectant for treated greywater than the more 
traditionally used chlorine.  Thus it is important that the testing methodology and criteria 
can be clearly articulated and linked into a generally accepted  testing approach (ie that of 
using the DPD test).  
 
Background 
 
Chemical Reactions:  
 
When the DPD No1 is crushed in a test tube with greywater effluent, the intensity of 
colour is directly related to the concentration of a number of chemical compounds present 
in the greywater. In particular, free chlorine, free bromine and bromamines. The initial 
colour is predominantly a measure of the free chlorine and free bromine. The colour 
rapidly darkens and becomes stable depending on the concentration of bromamines 
present.  
 
If a free bromine measure separate to the bromamine is required  then an additional 
procedure is required using a DPD nitrite tablet. Free bromine and bromamines have 
similar disinfectant properties, hence, the separation of free bromine and bromamine 
serves little purpose and is generally not carried out. The combined effect is therefore 
reported as total bromine (assuming chlorine is not present). 
 
The initial measurement of free chlorine and free bromine is inaccurate to the extent that 
an unknown quantity of bromamines will also be included. A more reliable result is 
obtained if the reaction is allowed to go to completion, giving a total bromine 
concentration. 
 
Residual Values: 
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Having obtained a reading from the colorimetric DPD No1 test the more difficult 
question is how to interpret the value in terms of not only the given codes and guidelines 
but also public health. Depending on the reuse application of greywater, when chlorine is 
used, the residual range after 30 minutes detention can be from a low of 0.2 mg/l or 0.5 
mg/l to a high of 2.0 mg/l. These parameters are based on empirical data, epidemiological 
studies and a mass of information relating chlorine residual to microbiological 
contamination.  
 
Bromine does not have the same quantity of supporting data in greywater and/or sewage 
applications as that of chlorine. It does however have considerable supporting data from 
use in public swimming pools, spa baths and cooling towers. The former applications 
being considerably more sensitive to public health issues due to the intended contact and 
likely ingestion, than greywater reuse, even if applied by sprinkler. It is therefore 
suggested that the parameters used for swimming pool where bromine is the disinfectant , 
can be a guide for greywater reuse. 
 
This approach is further supported by the complication of finding a parameter that can 
convert total bromine to an ‘equivalent free chlorine’ value that has the same disinfectant 
properties as free chlorine, which is currently used to set residual standards. The 
complications include: 
 
1. In a chlorine disinfectant system the DPD No 1 test measures the free chlorine 

concentration which is the sum of the two main species, hypochlorous acid (HOCl) 
and the hypochlorite ion (OCl-). Depending on the microbiological species to be 
killed the hypochlorous acid being typically between 80 and 300 times a more 
powerful disinfectant than the hypochlorite ion. The free chlorine concentration by 
this test does not give the concentration of each species. The impact of this factor can 
be clearly seen in the table below, together with the comparison to bromine 

 
pH Hypochlorous 

acid (HOCl) % 
Hypochlorite 
ion (OCl-) % 

Hypobromous 
acid (HOBr) % 

Hypobromite 
ion (OBr-) % 

6.0 96 4 100 0 
7.0 72 28 98 2 
8.0 20 80 83 17 
8.5 7 93 57 43 

 
It is evident that the same DPD reading of free chlorine e.g. 1 mg/l can have very 
different disinfectant properties depending on the pH. As can be seen from the above 
table the same applies to bromine but the species concentration is shifted to a higher 
pH. A free chlorine reading at a pH of 7 has 72% of the main disinfectant species 
(HOCl). At the same pH of 7 but when using bromine 98% of the main disinfectant 
species (HOBr) is present. At a pH of 8 these become 20% and 83% respectively. 
Typically the pH of greywater is about 8 or above. Hence a direct mola conversion of 
the DPD reading, without taking into account pH, between a free chlorine and 
‘equivalent free chlorine’ have very different disinfectant properties. Bromine is 
severely disadvantaged by this approach. 
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2. Bromine tablets used for disinfection also contain a significant % of chorine (typically 
up to 30%). Chlorine is a stronger oxidizing agent than bromine and it is likely that the 
chlorine will be used up first. The overall impact is therefore likely to be small. 

 
3. The active species of chlorine and bromine have different disinfectant properties, 

which are not a direct mola relationship. 
 
Proposed Bromine Residual Test 
 
Based on the above, it is proposed that the following testing procedure be carried out by 
the NATA laboratory in the situation where bromine is used to disinfectant treated 
greywater: 
 
1. The sample is taken as required by the accreditation process and a DPD No1 

dissolved in it. 
 
2. The sample with DPD No 1 will be allowed to stand (shaken) for at least 2 minutes 

and/or until the colour has stabilized. The sample to be kept out of direct sunlight. 
 
3. Using a chlorine disc in the colorimeter (the NATA laboratory does not have a 

bromine disc) and the reading is reported by the NATA laboratory. 
 
4. The reading will be multiplied by 2.25 (factor advised by NSW Health) and called 

‘total bromine’ 
 
5. The total bromine reading must be within the following parameters:  
 

a. Based on the dominant public health issue of a free chlorine of 0.2 mg/l or 0.5 
mg/l depending on the reuse application the minimum total bromine is to be 
the same value i.e. 0.2 mg/l or 0.5 mg/l (there is an argument that for the 
minimum residual a multiplying factor of 1.74 should be used, however, 
without incorporating pH factors as discussed above, this multiplying factor 
has its limitations). 

 
b. Based on the dominant environmental requirements and using swimming pool 

criteria the maximum total bromine level is to be 9 mg/l. 
 
It is considered that because the pH of greywater is typically around 8, the above are 
more onerous than that required if chlorine is used as the disinfectant and reported using 
DPD No 1 test procedures. However, due to the lack of data in using bromine for 
greywater disinfectant it is considered that this approach can be justified, at least initially. 
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Appendix 2 – Bromine Dosing Unit 
 
Confidential Appendix - For Details Please Refer Andrew Pearce of New Water on 03 
8873 3601 and details may be made available subject to competitive review and the 
appropriate confidentiality agreement being signed. 
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Appendix 3 – Photos of Installations 
Williamstown Installation 
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Mt Evelyn Installation 
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Maidstone Installation (Nb first photo excludes BDU, second photo shows BDU 
installed) 
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Maidstone Installation (Nb first photo excludes BDU, second photo shows BDU 
installed) 

 
 
 
 

 
 

BDU 
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Appendix 4 – Test Results 
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