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Regrowth in premise plumbing
Brazos et al., 1985 s

o 3 log Increase In bacteria in homes

o “For too long, the deterioration of water
quality within the household has been
iIgnored and responsibility for the integrity
of water at the consumer’s tap has been
disavowed by the waterworks profession.”




Review of
Prior Experiences:

- Nutrients
- Water Age
- Rapid Chloramine Decay
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Organic+ N + P+ O, - [Bacterial
Matter Growth

Stop bacteria by limiting food (carbon, N, P)
for growth.




Chlorine :; ;
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Organic+ N+P+ 0O, 2 Bacierial
Matter Growth

Stop bacteria with disinfectants.

USING BOTH APPROACHES
1S BEST




Prior Experience: Water Age=

o Adverse Effects
o DBP formation
o Disinfectant decay
o Corrosion control less effective
o Taste and odor
o Nitrification
o Microbial regrowth
o Temperature increase
Sediment deposition




Prior Experience: Water Age=

o Control:
o System design
o Flushing




Prior Experience: NH,CI ecay

o Chloramine decay (AWWA, 2005):

o Autodecomposition:

3NH,Cl > N, + NH, +3Cl" +3H"

o Reaction with pipe corrosion products:

% NH,Cl+H*+Cu" - Cu* + 4, NH; +CI~




Prior Experience: NH,Cl Decay

'7 silicone
o Type M Cu pipes — i

1’ length I
Cu

o Pipes dipped in molten 1’
50:50 Pb/Sn solder.

1-1/8” of the pipe length
was covered.
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Prior Experience: NH,CI

5 mg/L ClI,

Potomac River water

o 40 mg/
o 20 mg/
o 14 mg/
o 17 mg/

| as HCOy
_as ClI-
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Prior Experience: NH,Cl -Decay

o Varied pH & temperature

o pH 7.0 and 9.5 (% 0.2)
o 4°C, 20°C, and 40°C

Triplicates for each set of conditions




Prior Experience: NH,ClDecay

o 3 water changes/week

o Measurements:

» Chloramine concentration over time
(stagnant)




Prior Experience: NH,C| Decay

Total Chlorine (mg/L Cl,)

5 _
i == Cu Pipe, Chloramine (4:1 mg Cl,/mg N)
i == Cu Pipe, Free Chlorine
4 4 == Glass Control, Chloramine (4:1 mg Cl,/mg N)
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Glass Pipe
2 i -
- Chloramine
i + Cu Pipe
14 Free
. Chlorine
-+ Cu Pipe
() [ [ [ I
0 2 - 6 3

Time (hours)



Prior Experience: NH,Cl-Decay
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Prior Experience:
Maul, HI







Rashes in Maul

Found Rapid
Chloramine Decay
In Home Plumbing

Free Ammonia and
Phosphate

Trigger Re-growth

Very High Levels of
Bacteria and P.
Aeruginosa in water
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stopper to | | SR
hold water in Wired Galvanic

Connection _
. | B

2
=]

Copper Pipe= 5 teet
Lead zolder or

Eraszs Fixture

Test water treated
different ways:

- Cl,

- Chloramine

- Chloramine plus P
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Rashes in Maul

Found Rapid
Chloramine Decay
In Home Plumbing

Free Ammonia and
Phosphate

Trigger Re-growth

Very High Levels of
Bacteria and P.
Aeruginosa in water
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Green Construction = =

o Water conservation features
o Metered and sensor faucets
ow-flow showerheads
o Dual flush toilets, waterless urinals
o Rainwater for non-potable use

Consequences

o Lower potable water use

o Increased water residence time in buildings/
lower disinfectant residuals

o Higher temperatures




UNC: Problem Identlflcatjon |n
New Construction —

o Taste and odor complaints after occupancy
of two buildings

o First draw samples had undetectable
disinfectant levels

Testing to evaluate disinfectant issue.
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Suspected Factors Contrlbutmg
to Chloramine Loss

o EXcess residence time
o Several days even with full occupancy
o In some branches on the order of weeks

o Causes: green construction, plumbing system design,
and separation of laboratory water from potable water

High water temperatures (18-30°C)

o Water fountains with improper remote chiller
Installation, pipe diameter too large, distance too great

o New copper pipe?
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Log (HPC) (cfu/mL)

¢ Before Flush
[ After Flush

y = -0.965x + 3.618
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No Detectable Legionella
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REGULAR
FLUSHING
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Remediation S

o Increased water turnover to raise
chloramine residual on a case-by-case basis

o Automated flushing system (accounts for < 1%
of total water use)

o Replaced water fountains with integral
chiller units to reduce water temperature




Flushing System for Drlﬁ| f
Water for Caudill Laboratories

Initially flushed 4 X per §
day, later reducedtol =~
X/day

4 gal/flush

Meter read and
documented twice per
week
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Total Chlorine (mg/L Cl,)
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Bacteria Counts (cfu/mL)
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Results = =

o Regrowth may be inevitable but undesirable

o HPC measurement may be insufficient
Indicator of health/corrosion concerns

o HPC and high bacteria may contribute to
taste and odor Issues




Conclusions = =

o Construction practices with water conservation in
plumbing can cause aesthetic problems if design
does not control residence time

o Rapid chloramine decay in new plumbing and
warmer temperatures can cause high bacteria
growth

More research on regrowth and effects of
materials and plumbing design to avoid problems

o Potential health 1ssues

€




CDC: Possible Link Of Poor POU DB:VICESE

Plumbing To Disease - June 16, 2008 ==

o Legionella, rather than gastrointestinal disease, is the
cause of a majority of outbreaks

o Public health officials are discovering an increasing number
of deficiencies in premise plumbing and point-of-use
devices.

o CDC: We need to focus more attention on premise
plumbing and groundwater, she told attendees

o Although premise plumbing is not under the control of
water utilities, it may behoove them to be involved.

o Mark LeChevallier (American Water)

o Utilities could support changes in plumbing codes that
would do more to address premise plumbing
deficiencies.
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Future Solutions = =

o Better design
Remove / control of nutrients

o Stop rapid chloramine decay in premise
plumbing

o Adapt process engineering tools (e.g.
EPANET, 2008) for premise plumbing
systems
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