by Pat McCool

Biofilms in systems
with combined chlorine

P

ublic water suppliers are
required to keep
minimum chlorine
residuals throughout and at
the far ends of their distribution
system. The lack of chlorine
residuals may indicate
contamination; or may be the
result of the natural, residual dieoff over an extended time; or may
be the result of biofilms in the
system.
If adequate residuals are not
maintained, biofilms may occur in
the distribution system. Biofilms
are micro-organisms that grow on
the inside surfaces of water lines
and storage tanks. Biofilms are not
pathogenic and do not show up in
required bacterial testing for
Pat McCool coliform bacteria. Biofilms grow
Consultant first and mainly in low flow lines,
at line obstructions,
in dead-end lines,
and in storage tanks.
Many water
supplies use
combined chlorine
residual in the
distribution system.
This is mainly a
result of the use of
combined chlorine
to control the levels
of disinfection
byproducts (DBPs) in the water.
Combined chlorine residuals also
have an additional advantage over
free chlorine residuals in the
distribution system in that
combined chlorine residuals last
longer and, thus, are easier to
maintain.
Although biofilms can grow
in systems having free chlorine
residuals in the distribution
system, the use of combined
chlorine residuals present
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additional factors that a water
utility manager/operator must
consider. These factors must be
understood, monitored, and
addressed. If not, the operation of
the system may, in fact, increase
the likelihood of biofilms and the
extent of their growth.

to these systems are the nitrifying
bacteria that use the nitrogen in
the ammonia as an energy source.
These nitrifying bacteria change
the nitrogen in the ammonia to
nitrite and nitrate in the water.
Also, growth of nitrifying bacteria
results in the lowering of the

If adequate residuals are not maintained, biofilms may
occur in the distribution system. Biofilms are microorganisms that grow on the inside surfaces of
water lines and storage tanks.
Forming the combined residual
Ammonia is added to the
water in many systems to form
combined chlorine residuals.
Biofilms of particular importance

chlorine residuals that encourages
additional growth. The lowering of
chlorine residual may be a major
symptom of nitrifying bacteria
growth.

Periodic calibration of chemical feed equipment is necessary to consistently
maintain chlorine residuals to ensure against biofilm growths. Here
Dennis Ashcraft, city of Holton, checks the ammonia feed pump
at Public Wholesale District 18’s plant at Holton.

LIFELINE

July 2005

Excess ammonia in the water
may encourage the nitrifying
bacteria because the ammonia that
is not combined with chlorine is
much easier for the bacteria to use
than the ammonia that is
combined with chlorine. Thus,
ammonia addition should be kept
as low as possible with the goal of
0.1 mg/l excess ammonia in the
water. This is difficult when water
with varying chlorine demand is
treated. The impact of changes in
sunlight and cloudy days presents
difficulties in maintaining
constant chlorine residuals and
constant, low- excess ammonia
addition.
Nitrifying bacteria grow in
the distribution when and where
the water temperatures are in the
approximate range of 77°- 86°
Fahrenheit. Thus, this problem
usually begins in the summer.
Because the water temperatures
warm up in distribution storage
tanks, the drop off of chlorine
residuals is best monitored and

Chlorine residuals
must be consistently
maintained.
Sometimes this is
difficult in rural
areas with sparse
population and low
water usage.

Nitrifying bacteria grow in the distribution when and
where the water temperatures are in the approximate
range of 77°- 86° Fahrenheit. Thus, this problem
usually begins in the summer.
first noticed at these tanks. When
the water levels are fluctuated to
maintain chlorine residuals and
lower the water temperature, the

growth of nitrifying bacteria may
be lessened or eliminated. One
water supplier has continuous
chlorine analyzers at each of its

ANDERSON PECK AGENCY, INC.
3645 S.W. Burlingame Rd.
Topeka, KS 66611
Phone: 785/267-4850, 1-888/301-6025
We have designed a Safety Dividend Group Insurance Program
For Kansas Rural Water Districts
Dividends Paid: 1994 - 8%; 1995 - 16%; 1996 - 24%, 1997 - 11%
1998 - 5%; 1999 - 11%; 2000 - 18%; 2001 - 22.4%;
2002 - 22%; 2003 - 26%; 2004 - 27.1%
Coverages include:
Property
General Liability
Autos
Worker’s Comp.
Inland Marine
Fidelity Bonds
Directors and Officers Liability
This program is underwritten by EMC Insurance Companies
Associate Member of KRWA
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Biofilms in systems . . .

major storage tanks in order to
adequately monitor the residual.
Flushing can also be used in lines
that are affected to maintain
adequate chlorine residuals and
lessen water temperatures.
Maintaining combined chlorine
residuals in the distribution system
at a level of 2.0 mg/l or higher
helps ensure against nitrifying
bacterial growth. This applies to all
areas but especially to areas of low
flow, to storage tanks, and during
the time of year when warm water
temperatures increase. It is most
important that chlorine residuals be
adequately monitored and recorded
from possible problem areas.
Otherwise, nitrifying bacteria may
not be known until later in the year
when a much larger area of the
system may be affected.
Other chemical parameters
that can be monitored in the water
are ammonia, nitrate, nitrite,
alkalinity, and pH. These levels
may change significantly
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A burn-out is changing from a combined chlorine
residual in the distribution system to a
free chlorine residual.

Large capacity elevated storage tanks in rural areas are prime locations for
biofilm growth in the summer.
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indicating the beginning of the
growth of nitrifying bacteria.
Varying the water level in storage
tanks, flushing, and increase
chlorination may solve or mitigate
the problem. However, some
water suppliers perform a biofilm
“burn-out” in the distribution
during the summer to
eliminate/control the problem.
A burn-out is changing from a
combined chlorine residual in the
distribution system to a free
chlorine residual. Free chlorine is
a much stronger disinfectant and it
will kill off the nitrifying bacteria.

If you wish to discuss the
possibility of biofilms in your
distribution or wish assistance in
setting up a monitoring program
or operational program, contact
KRWA at 785/336-3760 or e-mail
to KRWA at krwa@nvcs.com. You
may also locate individual staff
member e-mail addresses on the
KRWA web site at www.krwa.net.
Regardless of the manner in
which you contact the
Association, a staff member will
be glad to review your situation
and provide advice in this matter.

A burn-out should be conducted
for approximately two weeks to
ensure success and should include
a flushing program.
Any burn-out should be
coordinated with KDHE to make
sure that required sampling for
disinfection byproducts (DBPs)
does not occur during or
immediately after the burn-out. If
such sampling occurs during the
burn-out, the DBPs will most likely
be very high and unrepresentative
of the overall, water quality that the
customers receive.

A Simple Solution
R

Aquastore tanks with glass-fused to steel coating
are ideal for all of your potable water storage needs
Innovations like Edgecoat and passive cathodic
protection further enhance performance.
R

Factory coated AWWA D-103-97 design for bolted
tanks from 14’ to 120’ + in diameter.
B & B Permastore, Inc.
10681 Widmer
Lenexa, KS 66215
913-322-1455 FX 913-322-1277
Authorized Engineered Storage Products.
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