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Case Studies

The following examples illustrate various causes
and effects of nitrite lock that wastewater treatment
professionals have learned during 19 years of
experience. The first two case studies are based on
forensic analyses of historical data; the other two
were assessed when the nitrite lock occurred.

Salem, Ore. In 1988, the Willow Lake Wastewater
Treatment Plant in Salem, Ore., switched its

‘activated sludge process from pure oxygen fo
diffused air and converted it to operate in series
with the trickling filter rather than in parallel. The
newly combined trickling filter-activated sludge
(TF/AS) process had nitrite lock for about 2 weeks
during startup.

Historical data show that the secondary effluent
contained 4 to 5 mg/L of nitrite-nitrogen, requiring the
addition of up to 10 times
more chlorine than normal

Once the TF/AS
process was brought onine, nitrification increased
in the secondary process even though MLSS and DO
concentrations steadily declined. Nitrification began
to decrease about Feb. 12. The trickling filter's load
had doubled when the plant switched over to the TF/
AS process, seeding the air-activated sludge process
with nitrifiers. High MLSS and DO concentrations
promoted nitrification. The data suggest that DO
was the key limiting factor, because the MLSS
concentration increased dramatically on Feb. 17 with
no corresponding change in nitrification.

As the MLSS’s pH increased during the 2-month
period, the nitrite-nitrogen concentration decreased
(see Figure 2, below). The increasing pH correlated
to the decreasing nitrite concentration, suggesting
that nitrite lock was caused by low pH (particularly
below 6.7).

Figure 2. Secohdary Effiuent Nitrite-Nitrogen and pH Comparison
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Figure 3.’ Secondary Effluent Nitrite-Nitrogen
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6.7 to 7.2 (only one data
point was below 6.8),
which should not inhibit
NOB. So, the nitrite lock
was not caused by low

Also, Willow Lake's influent alkalinity was low
(130to 150 mg/L). When the process was completely
nitrifying, AOB consumed enough alkalinity to lower
the MLSS’s pH and thereby inhibit NOB. Because the
facility was neither required nor designed to nitrify,
no additional alkalinity was available.

This example demonstrates two important
aspects of nitrite lock:
¢ ' Low pH can inhibit NOB.
¢ Chloramines do not readily react with nitrite.

Durham, Ore. In October 1990, nitrite lock
occurred intermittently in a secondary treatment train
at the Durham (Ore.) Wastewater Treatment Plant
(owned by Clean Water Services, formerly the Unified
Sewerage Agency). At the time, the plant had two
parallel — but independent — secondary treatment
trains. At first, side 1 was carrying about 15% more
biological mass than side
2, resulting in a higher, yet
inconsistent, nitrification
rate. About midmonth, side
2's mass began to increase,
as did its nitrification rate.

Figu're 4. Progression of Nitrification DUring Startup

A pH.

Troubleshooters eventually determined that the
most likely cause was low DO. According to amonthly
process summary memorandum (Unified Sewerage

'Agency, 1990), “The aeration basin dissolved oxygen

problems gradually were fixed during the month.
The system is now back to normal. ... Early in the
month, microscopic examination revealed that Side
2 looked very healthy, but Side 1 was lousy. As the
aeration system problems, which mainly affected
Side 1, were fixed, Side 1 bugs gradually improved
during the month.”

This example illustrates that nitrite lock can be
induced by process-specific variables. NOB and AOB
require oxygen to thrive. '

Las Vegas. In December 1994, nitrite lock occurred
during the startup of a nitrification system at the City
of Las Vegas Water Pollution Control Facility. Effluent

Interestingly, side 1’s
effluent nitrite-nitrogen

levels fluctuated
significantly, while side 2's

effluent nitrite-nitrogen
levels remained fairly

Milligrams per Liter -

stable, even when its
nitrification rate rose (see

Figure 3, above). This
discrepancy suggested
that side 1’s nitrite lock

December 1994

was caused by something o Influent Ammonia-N ———wEffluent Ammonia-N ——Efuent Nitrate-+tnitrite-N

specific to the treatment
train.
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lock.
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08 R. Street Wastewater

0.6 Treatment Plant, which is

04 owned by El Paso Water

Utilities (EPWU). Nitrite

egg— - 02 lock was expected during

. 0 startup, so the project
18:05 team developed a strategy

to minimize it. The strategy

F—O—-Ammonla-N ~— Nitrite-N —+— Chlorine Reslduaﬂ

involved increasing MLSS

slowly to ensure that

ammonia concentrations were decreasing, the
combined effluent nitrite and nitrate concentration
was increasing, and disinfection effectiveness was
lost (see Figure 4, p. 85). Effluent fecal coliform
concentrations began to increase significantly on
Dec. 14.

On Dec. 16, lab analysis confirmed that nitrite
lock was occurring. Comparisons of prechlorination
nitrite concentrations with post-chlorination
chlorine residual showed that chlorine was reacting
with nitrite.

Because chloramines do not react readily with
nitrite, troubleshooters mixed a non-nitrified effluent
with the nitrite-laden one. Raising the ammonia
concentration above the nitrite concentration
quickly produced a measurable chlorine residual
(see Figure 5, above), but this solution was
unsustainable because

of hydraulic constraints. Figure 6. s_econdary

the ammonia-nitrogen
_concentration always exceeded the nitrite-nitrogen
concentration in secondary effluent.

Nevertheless, the first two attempts resulted in
nitrite lock. The team suspected toxic inhibition was
causing the problem, because the process variables
were within nitrification ranges.

Unlike most facilities, the EPWU plant’s discharge

permit required a minimum chlorine residual of
1.0 mg/L, so it used more chlorine than would be
expected. Nitrite lock further increased chlorine
demand, straining the chlorination system until it
could not supply enough chemical to the chiorine
contact tank to meet demand and maintain the
required residual. Adding calcium hypochlorite only
helped somewhat, so the team tried intermittently
adding chlorine solution to one of the secondary
clarifier's weir chlorination rings.

Eﬁluent Ammonia-Nitrogen and Nitrite-Nitrogen
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Coloration-Assoc

Clarifier 1

Clarifier 2

The water in that clarifier turned green on Aug.
20. The team measured the clarifier’s chlorine
residual and found that concentrations were as
high as 3.5 mg/L. So, the team immediately stopped
adding chlorine to the weir chlorination ring. Within
a week, full nitrification was achieved. The team
suspected that the chlorine had inhibited NOB in
the clarifier’s sludge blanket. When chlorine feed
to the chlorination rings was stopped, the third
attempt to achieve nitrification was successful (see
Figure 6, p. 86). ’

This example illustrates how onsite sources of
toxicity can cause nitrite lock. In this case, toxic
concentrations of chlorine were being introduced to
the return activated sludge, thereby inhibiting NOB.

Useful Observation

The observation that nitrite—chlorine reactions
turned the EPWU plant’s water green was useful less
than 2 weeks later at a wastewater treatment plant in
Hawaii. The Hawaii plant has two secondary clarifiers
that operate in parallel (see Figure 7, above); both
are fed mixed liquor from one aeration basin. Both
clarifiers were producing excellent effluent with little
turbidity, but clarifier 1's water was green, while
clarifier 2's was not.

An analysis of the MLSS indicated that nitrites
were present (concentrations were not quantified).
Both clarifiers have chlorination rings around the
weirs that are used to inject chlorine into the
water for disinfection. Clarifier 1's chlorine ring
is above the water surface and injects chlorine
down into the water via multiple points. Clarifier
2’s chlorine ring is just below the water surface,
and the chlorine is injected laterally against the
clarifier wall.

Discussions with plant staff indicadted that
clarifier 1 turned green shortly after scale buildup
was removed from the chlorine ring’s nozzles. The
team suspected that removing the scale allowed most
— if not all — of the chlorine feed to be directed to
clarifier 1. The team also suspected that chlorine was

inhibiting NOB in clarifier 1's sludge blanket, just as
it had at the EPWU plant.

When the chlorine was shifted from the clarifier
chlorine rings to an effluent junction box, the green
color appeared immediately at the junction box and
disappeared from clarifier 1 within 24 hours. Within
a week, full nitrification was achieved.
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