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Abstract

A trial of urine separation has been

installed in a residence in South East

Queensland and preliminary results are

reported.

Introduction 

The Ecovillage, a new development at

Currumbin, Queensland, has communal

treatment of sewage for around 100

detached dwellings of the total 144

allotments at the site. Energy saving at

this development will be particularly

important as the aim for the whole

development is to achieve zero draw

from grid electricity by using solar

generation and energy efficiency

measures in water and wastewater

systems.

The body corporate was approached

with a proposal to participate in a trial of

urine separation and researchers

established contact with interested

parties and prepared brochures and

information packages outlining the nature

of the study, highlighting the benefits of

urine separation to the users. Extensive

discussions with the voluntary

participants were conducted prior to

formalising agreements with each

household. Discussions were also

conducted with the local authorities. In

the event, twenty were agreeable

and.one house was selected for the initial

trial. 

The willingness of the residents at the

Ecovillage to consider urine separation

and reuse is an important consideration

for this trial, making this study a unique

opportunity.

Proposals for the trial were

summarised in Beal et al., 2008. 

Materials and Methods

The toilet supplied by the Queensland

Department of Natural Resources and

Water to the participating residents was a

Gustavberg urine separating unit that was

selected on a number of criteria to

maximise the benefit of urine separation.

These include:

• low flush volume, 0.2 litres per half

flush

• easy to clean

• lack of specialised moving parts

• compatibility with Australian plumbing

fittings

• accessible urine pipe for clearing of

blockages

• ability to collect urine while men urinate

while standing

• minimal metal components in contact

with urine

• comfort and ease of use (Beal et al.,

2007).

Installation

The first toilet, one of the proposed 20

urine-separating toilets at the site, has

been installed in a new residence. The

toilet was connected to a 300 litre

polyethylene storage bladder via 50 mm

polyethylene pipe. The storage bladder

was located under the house as close as

possible to the toilet while still allowing

access for sampling and emptying.

Polyethylene fittings were used to

minimise scaling problems from struvite

deposition, which can occur when using

metal pipes and also to comply with local

building covenants. Sufficient fall was

incorporated in the collection pipes to

allow the urine solution to drain to the

storage vessel. The toilet was a wall

mounted wet design that incorporates a

P-bend water seal in both the main waste

from the pan and the urine pipe. The wall

behind the toilet must also contain the

plumbing for both the main waste and

the urine pipes so in this residence a

plumbing space was incorporated in the

wall behind the toilet. The wall behind the

toilet unit was also appropriately braced

with extra noggins to provide a solid

mount for the cantilevered toilet, and the

waste pipes were routed to clear any

floor joists or electrical cable trays.

To separate urine from solids, the pan

has an in-built weir at the front of the

conventional pan to collect and drain

urine to the storage bladder. The flush is

dispersed in a normal manner through a

flush rim that encircles the entire pan

area. The cistern was a dual flush system

of 2/4 litre volume and the half flush was

not isolated at the front of the pan. The

urine separating toilet is shown in Figure

1 as it was installed in the residence.

Figure 2 shows the plumbing

connection to the storage bladder as

installed.

Measurements

The urine solution was sampled at

intervals that coincided with bladder
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Figure 1. The wall mounted Gustavberg

urine separating toilet at an Ecovillage

home showing the urine weir at the front of

the pan, urine collection pipe and the main

waste with the water seal.
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pump-outs by vacuum truck, usually at

4-5 weeks intervals Three replicates of

the separated urine were analysed to

determine the total nitrogen, total

Kjeldahl nitrogen (TKN), ammonium,

nitrates, nitrites and total phosphorus as

phosphate were also determined.

Measurements of pH and electrical

conductivity were also recorded at the

time of sampling. The urine solution was

also analysed for the concentrations of

the metal cations potassium, sodium,

calcium and magnesium and this allowed

the calculation of the sodium adsorption

ratio (SAR). 

The toilet was calibrated to determine

the volume of flush water that enters the

urine separation plumbing. Volumes were

200 mL for a half flush, and 400 mL for

full flush. A cistern-mounted magnetic

proximity switch and a digital counter

records the number of full and half

flushes. 

The volumes of the diluted urine

solution were measured by means of a

water meter connected to the suction

pipe during pump-outs. The reinforced

hose that connects between the storage

and the pump truck is clear to allow the

tester to see that the hose is full and

ensure that the meter reads the correct

volume.

The calculation of the volume of flush

water allows the volume of raw urine to

be determined by subtracting of the flush

volume from the total volume measured

during pump out.

Results and Discussion

Nutrients

The results obtained to date relate to one

UST with three different sets of residents

measured over five sampling occasions.

The storage was emptied prior to each

new set of tenants. The variation

between sampling events was substantial

as shown in Figure 3. The dominant form

of nitrogen present in the storage was

ammonium with an average

concentration of 2,115 mgN/L with a

range between 1,100 mgN/L and

3,200 mgN/L. Nitrates and nitrites were

present at a combined average

concentration of 178 mgN/L The TKN

concentration was 2,200 mgN/L (vs 2115

mg/L of ammonium-N) indicating only a

small amount of organic nitrogen was still

present in the solution. These results are

as expected as urea is readily hydrolysed

microbologically and promoted by the

alkaline conditions that accompany the

reaction (eqn 1). However anoxic

conditions do not favour the conversion

of ammonium to nitrate. 

The average (total) phosphorus

concentration was 138 mg P/L and

varied between 75 and 212 mgP/L.

Concentrations of the major cations in

fresh urine were included for comparison

in Table 1. Calcium (8 mg/L) and

magnesium at less than 0.5 mg/L

concentrations and are two orders of

magnitude less than sodium (570 mg/L)

and potassium (483 mg/L)

concentrations, but display less variation

between sampling events. The sodium

adsorption ratio (SAR) of 52 was

refereed paper

Figure 3. The comparison of the total nitrogen and phosphorus concentrations of the

separated urine.

Figure 2. The 300 L urine storage bladder (full) under the residence showing the urine

collection pipe and the reinforced vacuum pumpout hose for emptying the bladder.

Table 1. compares the concentrations in the urine, diluted with flush water, with full

strength urine as reported by Johansonn. 

Sample units 1 2 3 4 5 Ave Urine*

Tot N mg/L 2927 2483 1153 1318 4014 2380 9200

TKN mg/L 2787 2440 1143 1300 3333 2200 -

NH4 mg/L 2683 2377 1068 1250 3197 2115 581

NOx mg/L 140 43 10 19 680 178 -

Total P mg/L 170 150 75 87 211 138 720

Ca mg/L 6 9 10 8 9 8 170

Mg mg/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 100

Na mg/L 685 744 393 407 623 570 2200

K mg/L 608 456 344 355 656 484 3300

SAR nil 72 65 33 37 54 52 33

pH nil 8.7 9 9.3 9 9 9 6.2-8.2

Elec. Cond. μScm-1 17000 17000 8200 9700 20230 14360 -

Volume L/pp/day 4.7 2.9 2.4 3.8 1.9 3.1 1.25

*Data compiled from Wilsenach et al. 2002 and Jonsson et al. 2004. 
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averaged over all sampling events. The

pH of the stored urine solution remained

strongly alkaline and averaged 9.0, whilst

the average electrical conductivity was

14,360 μScm-1 (about 9000mg/L TDS).

The nitrogen available from the urine

solution at the Ecovillage is around 3

kg/person/year based on the average

concentrations and the generation of

urine solution to date. Table 2 shows the

comparison between the measured

values in urine from the Ecovillage, and

the crop requirements for producing

200kg of grain.

As can be seen from this table the

solution at Currumbin may not be optimal

for wheat, however other crops may be

more suitable. 

However significant challenges exist

for the widespread use of urine.

Salinity and pH 

The sodium concentration of 50mmg/L

and SAR of 52 would be considered too

high for irrigation but application of the

fertiliser would normally be followed by

further irrigation.

The pH of the stored solution was

around 9 so that volatilisation of

ammonia would occur. However the

flexible bladder storage would minimise

this loss, and odours from the storage

have not been reported by the users.

Struvite 

Phosphorus in hydrolysed urine can

precipitate as struvite, MgNH4PO4.6H2O

(Gethke et al. 2007), particularly if metal

piping is used in the collection system

causing blockages in pipes and a

potential loss of nutrients, as reported in

European studies. In this study 50mm

polyethylene piping reduced the

precipitation and the concentration of

magnesium and calcium was low. 

However cloudiness of the solution has

been noted on one occasion but the

storage has not been examined

internally.

Pathogens

Urine is not sterile, and pathogens and

benign micro-organisms occur These

organisms can include the normal enteric

microflora such as Escherichia coli and

enterococci spp., dermal bacteria like

Staphylococci spp. or opportunistic

pathogens such as Chlamydia and a

range of viruses. This occurrence raises

concerns for the end use of the urine

solution and some form of treatment will

be needed. The studies conducted in

northern Europe have shown that urine

can be effectively sanitised by storage for

a period of six months with an average

temperature of 10ºC. This study

proposes to conduct a microbial die-off

study at higher temperatures.

Further, the concentrations of faecal

sterols such as coprostanol will be

analysed to determine the potential

faecal contamination and the associated

viral load of the solution (Stewart et

al.2007, Jonsson et al., 1997a). 

Micropollutants

Lienert and Larsen, 2007, Pronk et al.

2006 and Escher et al. 2006 have

conducted recent studies into the issue

of pharmaceuticals in separated urine in

northern Europe. Lienert and Larsen

2007, state that up to two-thirds of all

pharmaceuticals are passed in urine

although the route of excretion is often

dependent on the individual compound. 

Ensuring that the urine solution will

comply with conservative Australian

standards and guidelines, for locally used

pharmaceuticals and potential ecotoxins,

will be a priority of the research team. 

Social Acceptance

The voluntary participants were surveyed

to assess their environmental awareness

(Dunlap et al 2000) particularly about the

issues of using urine separation and use

as a fertiliser. At this time the responses

will not be published as the sample set of

respondents is statistically far too small.

However, a monthly checklist has

established usage patterns of the toilets

and any problems.

To date the responses have been very

positive with all respondents saying that

they have been happy with the

performance of the toilet and no

problems have been reported. 

An important factor in the setup that

can affect the dilution rate of the solution

is the behaviour of the users and the

manner in which they use the toilet flush.

Many users may not flush every time they

use the toilet especially when they have

only passed urine and this would tend to

concentrate the urine solution. However,

different users, including visitors, may

use the toilet differently, flushing the

toilet at every use.

Three groups of users have resided in

the dwelling to date and the rate of fill of

the bladder has varied with each group.

The normal pattern of use appears to be

that the half flush is used each time urine

is passed and the full flush is used when

faeces are passed. With this pattern of

use, the bladder fills in approximately 5

weeks. However, one group of users

have reported that this particular toilet is

efficient enough to use the half flush to

remove solids. The fill rate of the bladder

with these users has been much slower

than with previous users with the bladder

not filled after six weeks. Unfortunately

the flush counter that was originally

installed proved insufficient to determine

this quantitatively and a new design has

been installed.

Conclusion

There are several benefits that may be

possible with the adoption of urine

separation and the reuse of the solution.

Separated urine is rich in plant available

forms of nutrients such as nitrogen,

phosphorus and potassium and reusing a

product that is normally considered a

waste can lead to energy savings in

production of these nutrients and in their

removal from wastewater streams.

Careful engineering of urine separation

and storage systems can reduce the

unpleasant aspects associated with this

product and losses of the valuable

nutrients. Other barriers such as

microbial contamination of urine also

requires the users to be aware of the risk

factors of using human physiological

wastes but solutions are being actively

sought to enable the safe reuse of

separated urine. A further challenge is

the small but possibly significant amount

of micropollutants such as

pharmaceuticals and their metabolites.

However the “yuk” factor may still be the

greatest challenge to wider applications

of urine separation, in spite of strong

support to date at the Ecovillage at

Currumbin.
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