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BACKGROUND

RO Unit operation time

Reducing the length of time that reverse osmosis (RO) units are operating will save water
and power, thereby reducing the environmental impact of haemodialysis and cost of
treatments. Reviewing and aligning RO operation time with dialysis machine treatment
schedule & disinfection process could result in an overall reduction in running time of an
RO unit.

Prior to being used for haemodialysis, source water must be extensively treated to
remove contaminants and inorganic ions and reduce hardness. A core step in this
process is reverse osmosis water filtration, which involves using hydrostatic pressure to
force water across a semi-permeable membrane.

Reverse osmosis results in the production of clean water (permeate or product water),
which in turn is used to:

¢ Flush the plumbing loop that supplies the dialysis machines;

e Prime, rinse and disinfect the dialysis machines; and

e Produce the dialysate required for treatments.

Whenever an RO unit is operating, large amounts of water and power are used. It also
results in the production of high volume ‘reject water’. In contrast, when in standby mode,
the RO unit is not functioning and therefore power consumption and water waste is
minimised.

The RO unit is required to operate:
1.Before dialysis treatments begin to flush water through the carbon filters and
plumbing loop and for the time needed to prime the dialysis machines +/- to rinse or
disinfect the dialysis machines;
2.Throughout dialysis to provide a steady flow of permeate for dialysate production;
and
3. After dialysis concludes, for the duration of the heat disinfection of the dialysis
machines.
If an RO unit is operating outside these times, there is likely unnecessary water and
power wastage.
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CASE STUDY

RO Unit Operation time

At a dialysis unit in QLD, the (RO) unit supplies permeate for dialysis treatments
scheduled between 7am-7:30pm Monday-Saturday and to supply water for dialysis
machine disinfections. Outside of treatment hours, the dialysis machines complete a heat
disinfection on Mondays at 5:30am, a bleach disinfection on Thursdays at 5:30am, and
heat disinfection following every treatment every day. A heat or bleach disinfection of the
dialysis machines in use takes approximately 45 minutes.

Currently, the RO operates from 4am-9:30pm Monday-Saturday.

Intervention and results

The RO unit operation time was altered to reflect the needs of the dialysis unit. The RO
unit now begins at 5am on Mondays and Thursdays for the automated heat and bleach
disinfection of dialysis machines, respectively. The RO unit begins at 6am on all other
days. This allows plenty of time for flushing of the plumbing loop, any necessary machine
rinsing, and priming of machines before patient treatments begin. The RO unit ceases
operation at 8:30pm, allowing adequate time for heat disinfection of the dialysis
machines following the final treatment. Altering the RO unit schedule has reduced its
operation time by 11 hours every week, avoiding unnecessary power and water
consumption.

Conclusion

By mapping when patient treatments occur and when disinfection of dialysis machines
occur, it's clear when RO units are operating outside of need. Ensuring the RO is only
operating when required will save power and water.

See Appendix 1 for a worksheet to simplify data entry and assessment of the RO unit
program.




BACKGROUND

RO Unit heat disinfection

Heat disinfection of the RO unit consumes the majority of the power required for RO
operation for dialysis. Minimising the frequency and duration of disinfections will save
power.

The RO membrane and the plumbing loop that delivers permeate (clean water or product
water) to the dialysis machines require regular disinfection with heat to prevent bacterial
contamination. The hot permeate used for disinfection can be provided by a hot water tank
system or flow through heating (where the permeate within the plumbing loop is heated and
circulated). Flow through loop heating consumes less water and power compared to tank
systems.(1)

The duration required for the RO membrane heat disinfection is dependent on the make
and model of the RO unit.

Disinfection of the RO membrane is typically completed weekly to reduce scale and bacterial
contamination. Regular heat disinfection of the plumbing loop is crucial to avoid bacterial
contamination and biofilm development. The ‘dose’ of disinfection is dependent on the
temperature of the water flowing through the plumbing loop and the amount of time that
the hot water is in contact with the plumbing loop.(2) The optimum ‘dose’ is not known.

Most older units heat the water to a certain temperature and circulate that hot water for a
set period of time. Many modern units have a live calculation of the disinfection ‘dose’
achieved and will discontinue the disinfection program once the target ‘dose’ is met.
Disinfection of the plumbing loop is commonly completed every night that the RO unit is not
operating for dialysis, but this frequency is not mandated. International guidelines for the
preparation of water for dialysis simply state that the chosen disinfection program must be
verified effective through water testing.(3) Less frequent disinfection may be adequate to
achieve acceptable water testing results. Despite dialysis units evolving over time, the RO
unit programs are rarely reassessed to ensure they remain fit for purpose. Whilst modern
RO units’ disinfection time and duration is now commonly automated, older RO units allow
for greater variation in disinfection programming and need to be assessed in collaboration
with the biomedical technician to ensure the programming is appropriate.

See Appendix 1 for a worksheet to simplify data entry and assessment of the RO unit
program.




CASE STUDY

Reverse osmosis (RO) unit heat disinfection

On review of a dialysis unit's RO unit program, it was discovered that the RO membrane
was disinfected twice each week (instead of once) and the plumbing loop was disinfected
whenever the RO unit was not operating for dialysis (total loop disinfection time: 60 hours
each week including 21 hours on Sundays). This schedule was developed many years ago
when the dialysis unit only performed treatment three days each week, therefore the RO
unit was not functioning four days each week and the risk of bacterial contamination was
felt to be high. The dialysis unit now performs dialysis treatments Monday-Saturday and
water testing results are pristine.

Intervention and results

The disinfection program was altered to minimise unnecessary disinfection in a stepwise
fashion. The RO membrane disinfection was reduced to once weekly and the 21-hour long
disinfection of the plumbing loop on Sundays was reduced to resemble the nightly
disinfection completed Monday-Saturday. Bacterial and endotoxin testing of the water
continued monthly. Every three months following receipt of clear water testing results,
the duration of the heat disinfection was slowly reduced to 4 hours Monday-Sunday (total
disinfection time: 28 hours). This time was chosen as it was deemed sufficient to achieve a
target disinfection dose.(2) This has more than halved the duration of time the hot water
tank system maintains a high temperature of 90 degrees, significantly impacting on power
use.

Conclusions
Avoiding an excessive frequency and duration of disinfection of the RO membrane and
plumbing loop will save significant power without adversely affecting water testing

results.
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APPENDIX 1
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Water recovery: what percentage of RO feedwater is set for conversion to clean water OR what
conductivity results in discard?

Treatment times: what time do the first patients start dialysis and what time do the final
patients complete dialysis each day?

Disinfection: does the unit complete an automated heat disinfection of every dialysis machine?
What time does this occur?

Bleach: does the unit complete an automated bleach disinfection of every dialysis machines?
What time does this occur?

RO operation: what time does the RO operation start and end each day?

RO disinfection: when does the RO membrane undergo disinfection?

Loop disinfection: when does the plumbing loop undergo disinfection?

High heat: is the hot water service operation manually programmed separate to the
disinfection times of the RO and loop?
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DIALYSIS UNIT:

NAMBOUR, QLD

DIALYSIS MACHINE MAKE AND

MODEL:

FRESENIUS 5008

RO UNIT MAKE AND MODEL: HERCOPUR WATER RECOVERY: 800 pS/CM
TREATMENT TIMES DISINFECTION BLEACH RO OPERATION RO DISINFECTION Loorp HIGH HEAT
DISINFECTION

MONDAY 07:00 - 21:00 05:30 05:00 - 22:00 01:30-03:00 N/A
TUESDAY 07:00 - 14:30 10:30 06:00 - 15:30 01:30-03:00 N/A
WEDNESDAY 07:00 - 21:00 10:30 06:00 - 22:00 01:30-03:00 N/A
THURSDAY 07:00 - 14:30 10:30 05:30 05:00 - 15:30 01:30-03:00 N/A
FRIDAY 07:00 - 21:00 10:30 06:00 - 22:00 01:30-03:00 N/A
SATURDAY 07:00 - 14:30 10:30 06:00 - 15:30 01:30-03:00 N/A
SUNDAY - - - 04:00-06:30 04:00-06:30 N/A




