Nitrification 101
(Nitrification Action Plans)

Texas Commission on
Environmental Quality

Water Supply Division
October 2015


Presenter
Presentation Notes
Thanks for that introduction. 

Today I will be talking about nitrification in Texas.


IMAGE: TCEQ logo
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History of nitrification in Texas

— Case studies
— 2005 Special Study

Nitrification Action Plans (NAPs)


Presenter
Presentation Notes
First, I’ll briefly discuss 
the need for chloramination in Texas, 
provide a little background on the definition of nitrification, 
talk about how the TCEQ has been working on nitrification, and 
finally talk about nitrification action plans.


Take-home Message

e Nitrification can cause residual loss in
chloraminated distribution systemes.

— And form nitrite (NO2-) & nitrate (NO3-)
* Texas water systems need chloramines to

maintain residuals and meet disinfection
byproduct (DBP) regulations.

e Nitrification can be detected and controlled
using a NAP.


Presenter
Presentation Notes
Today’s take home message is that – 
although nitrification is a risk in chloraminating systems, chloramination is needed in many systems to control disinfection byproducts and maintain compliant residuals, 
and 
a system that prepares for the risk of nitrification can detect it early and avoid its worst consequences.


History / Extent of Chloramination
In Texas


Presenter
Presentation Notes
Now I’ll discuss chloramines and their history in Texas.


Texas has history of chloramine usage

e Historically, public water systems (PWSs) used
chloramines to keep a stable residual.

— Example--Austin started chloraminating in 1950s

e Later, systems started using chloramines for
disinfection byproduct (DBP) control.
e Total Trihalomethane Rule 1989
—  Most systems > 100,000 population converted

. Stages 1 & 2 DBP Rules
— 2002 for large
— 2004 for small
— Starting in 2013, LRAAs added stringency
» Locational Running Annual Averages


Presenter
Presentation Notes
Texas has high temperatures and large distribution systems, conditions that lead to more disinfectant degradation. 
Therefore, historically, systems used chloramines to maintain a more stable residual than free chlorine could provide in long pipes.
(For example, Austin started chloraminating in the 1950s)

Later, systems started using chloramines for trihalomethane and haloacetic acid control. 
In the 1990s, when the Total Trihalomethane Rule implementation process started, most surface water treatment plants serving 100,000 or more people converted to chloramines. 
(Of course, that meant their customer systems converted, too.)

Since then, the rules for disinfection byproduct have gotten tougher, and most small surface water systems have now transitioned to chloramines, (as well as some groundwater systems in east and coastal Texas).


About 1,200 of Texas’ 7,000 PWSs distribute
chloramines

e Surface water ~1,200

— About 90% of 350 PWSs with surface water
treatment plants (SWTPs) chloraminate

— ~850 PWSs purchase and redistribute
chloraminated SW

 Ground water ~12
— High-carbon groundwater in northeast Texas
— High bromide water in coastal Texas


Presenter
Presentation Notes
There are approximately 7,000 public water systems in Texas, serving about 21 million people.
Most water systems that treat surface water chloraminate. 
Their downstream consecutive systems -- about 850 PWSs -- purchase and redistribute that chloraminated surface water

A handful of PWSs in northeast Texas with groundwater that is high in total organic carbon use chloramines.
A few PWSs on the coast have wells with high bromide and therefore chloraminate.




Chloramination
clarification

 Chloramination facts:

— Chloramines smell fine unless they are dosed or
maintained wrong.

— Fiction: Some web sites say that chloramines smell bad.
Monochloramine—the disinfectant species—smells like
chlorine. Di- and tri-chloramine stink.

— Experience proves that chloramines do not
cause health issues.

— Fiction: Some web sites blame various symptoms on
chloramines, but 25% of Americans are okay drinking
chloraminated water


Presenter
Presentation Notes
Chloramines are of interest to people with swimming pools and/or fish. The issues with swimming pools and pet fish are different than the issues with drinking water. (Ammonia is ever-increasing in both cases, due to human or animal urination. Pathogen control is not an issue.)

There is misinformation on the internet. Some web sites say “chloramines smell bad.” The desired species—monochloramine—does not smell bad. However, if the process is not controlled, dichloramine and trichloramine can be formed. Those two species smell bad: medicine-y, sharp. 

Some web sites say that chloramines cause various symptoms, like skin rash. Little formal epidemiology has been done to disprove this, because there are so many people who consume chloraminated water with a complete absence of any negative symptoms. For example, the entire populations of Austin, Dallas, and Houston do not exhibit any symptoms attributable to chloraminated water.

Because of this misinformation, some states have banned the use of chloramines, thus allowing higher levels of regulated, potentially-carcinogenic disinfection byproducts. 


What is nitrification?


Presenter
Presentation Notes
So, now let’s shift our focus to nitrification.


The chemicals of interest

e Normal chloramine reactions,

* in the monochloramine zone:

HOCI + NH3 €= NH,Cl + H,0
2 NH,Cl €= NHCl; 4 NH3
* Nitrification
NH3; + O, 2A0B—> NO,+ 3H+ + 2¢e
NO, + H,0 2 NOB—> NO; + 2H+ +2e°


Presenter
Presentation Notes
The first two reactions are a subset of chemical equations for chloramines in drinking water. 

The first reaction shows how combining chlorine (as hypochlorous acid) and ammonia reacts swiftly to form monochloramine and water. This is an equilibrium equation, so there is always a little ammonia and free chlorine present.
 HOCl + NH3   NH2Cl  +  H2O

The second reaction shows that monochloramine can react with other monochloramine molecules to form dichloramine and ammonia. This reaction is called autodecomposition.
          2 NH2Cl  NHCl2 + NH3

This shows that any time you have chloramination, you have some ammonia present from the equilibrium with monochloramine, and the autodecomposition of monochloramine.

If nitrifying bacteria are present, the next two reactions can occur. In the first, Ammonia Oxidizing Bacteria ‘eat’ ammonia to form nitrite. Then, Nitrite Oxidizing Bacteria ‘eat’ nitrite to form nitrate.


Nitrification in the environment
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Presenter
Presentation Notes
Plants and animals are part of the environmental nitrogen cycle
Ammonia enters the lake/river from waste: animal waste, discharged wastewater, plant remnants.
AOB change the ammonia to nitrite
NOB change the nitrite to nitrate
Some plants & benthic organisms, can change nitrate back to ammonia.
If the ecosystem is not balance, and unhealthy amount of nitrate can build up.

IMAGE: Animated image showing the nitrification cycle in the environment


Nitrification In a pipe
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Presenter
Presentation Notes
Things are a little different in a drinking water distribution system pipe.
First of all – there are no plants or animals.
But there will be some ammonia present if you are chloraminating. 
You actually want to see a little ammonia so you know that you are in the monochloramine zone. 
Also, there may be naturally occurring ammonia in your source water.
So the same set nitrification reactions can occur in the biofilm
Caused by the same organisms found in natural environments.

IMAGE: Animated image showing nitrification in a pipe.
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Presenter
Presentation Notes
This slide shows what data from a normal system might look like.
The Y axis shows the various residuals and the X axis shows the sample sites with increasing water age.
The blue symbols and lines show monochloramine and total chlorine degrading normally, from about 3.5 mg/L at the entry point, to 2.2 at the far reaches.
The red triangles show the normal progress increasing ammonia as the water ages.
Finally, under normal conditions, nitrite and nitrate, shown by the dark and light squares, respectively, don’t change as the water ages.

IMAGE: Graph showing normal conditions in a drinking water pipe.
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Presenter
Presentation Notes
This is what the same sampling would show when nitrification is occurring.
First, the blue lines show that the total chlorine and monochloramine are degrading. This alone does not prove that nitrification is occurring – their loss of residual could be tied to a simple increase in chlorine demand.
However, instead of increasing, the ammonia is decreasing. This is a symptom of nitrification.
Finally, the nitrite, in light green, increases at first, then decreases some as the nitrate, in dark green, starts forming at the higher water age locations. This indicates nitrification.

IMAGE: Graph showing nitrification occurring in a drinking water pipe.



Nitrification in Texas


Presenter
Presentation Notes
As the use of chloramines increased, so did the number of systems having trouble with nitrification


2003 Case study
City with SWTP

— Fish kill complaint

Water quality:
e Water temp 27 °C (Texas in May)

— Nitrite: 1.56 mg/L
— Monochloramine 1.5 mg/L
— Ammonia 0.5 mg/L

Other sites Ammonia ~ 1.75 mg/L

We learned:
Nitrification can occur WITH good residual
Don’t ignore complaints about dead fish


Presenter
Presentation Notes
With the increase in chloramination came an increase in nitrification.
Soon after the Stage 1 DBP Rule became effective, we got a call from a system with a complaint from a woman with a Koi pond. Her fish were dying, and she thought it was the water. 
We sampled in the transmission main near her house and found strong indications of nitrification –even though the residual seemed adequate at 1.5 mg/L. The nitrite was at 1.6, although there was only a trace in the source water. The ammonia elsewhere in the system was very high, about 1.75 mg/L, but at her house it was only 0.5 mg/L. Her fish may have been dying because of the high nitrite. 
We learned
– nitrification can occur in the presence of a good residual,
– don’t ignore complaints about dead fish.
IMAGE: Animated fish.


2005 Summer—
Special Study

e Sampled 1,029 ‘high-risk’ systems

— Surface water, chloraminating, and their downstream
consecutive purchasers

— Sampled in distribution—at DBP sites
e Nitrate,
* Nitrite, and
e Ammonia


Presenter
Presentation Notes
In the special study we tried to identify systems that were most likely to have nitrification. We selected systems with surface water and chloramines, and their purchasers. 

There are some limitations to the dataset. We don’t know for every case what the raw water ammonia or nitrite were, and only had the chloramine residual for another subset. 



2005 Summer—Special Study

continued

e Results—of 1,029 systems
— 149 systems showed some evidence of nitrification

— 11 systems exceeded 1 mg/L NO,
e Highest NO,: 2.08 mg/L (case study)
e No NO,- over the MCL (10 mg/L) was found
— 9 of those systems were identified as having issues

e Case-by-case assistance was provided


Presenter
Presentation Notes
Of 1,029 systems that we were able to sample in 2005 
(this may not have been the universe of systems, it does not include systems that did not have disinfection byproduct samples scheduled that summer.)

Almost 15% had levels indicating nitrification. 
However, only about 1% of the systems sampled were experiencing run-away nitrification.
We contacted those, verified the data, and provided assistance to 9 of them by explaining the actions they could take.


 We learned:
— Nitrification can happen under a range of conditions,

— Approximately 10% of systems may experiencing
nitrification, but apparently only 1% have extreme
problems.


Presenter
Presentation Notes
We learned:
Nitrification can happen under a range of conditions,
At any given time, especially in summer, 15% of our systems may be fighting it—based on this limited data—but most are fighting it successfully, since only about 1% were having extreme nitrification.

The true challenge that this study highlighted is the importance of optimizing process control and maintaining a healthy distribution system.



2007 Case study

e City with SWTP

 Widespread residual loss
— No existing flushing program
— Positive bacteriological results
— Boil water notice required

— Extended free chlorine burn

e Resulted in innovative flushing and
nitrification detection and response plan

— Nitrification Action Plan


Presenter
Presentation Notes
2007 was a difficult year to treat surface water. 
Lots of rain after an extended drought changed the source water and made it harder to treat. 
At the same time, rain in the warm spring and early summer months meant less landscape watering, less water usage, and higher distribution water age. 

Many systems had difficulty with nitrification in 2007, but one that had some of the worst difficulties made lemonade out of lemons by making a 180 degree turn and developing an effective Nitrification Action Plan.

From this experience we learned that once established, it can take an extended free chlorine burn to eliminate nitrifiers, and we learned that a Nitrification Action Plan is really important.


Nitrification Action Plan
Everyone Needs a NAP

O

21 slides



Presenter
Presentation Notes
The way to address potential nitrification is through a nitrification action plan.

IMAGE: Graphic of stop light


A Nitrification Action Plan is like a
Monitoring Plan

e |tincludes
1. A sample site map,
Sample schedules,
Analytical methods,
Site-specific goal/baselines and trigger levels, and
Actions.

S Uk~ WD

It should be documented and shared.


Presenter
Presentation Notes
A nitrification action plan will need to include:
A map showing sites—and their relation to storage, plants and so on, 
Sample schedules, 
Analytical methods, 
The system’s site-specific trigger levels for the various sites, and
The actions that will be triggered.





1. NAP sites

e Distribution nitrification monitoring sites:
— Should represent low, medium, and high water age.

— Can be the same as coliform sites
e But they don’t have to be.
— Critical control points

e “A point where control can be applied and is essential to
prevent or eliminate nitrification”
— EG: Before booster chloramination



2. Routine NAP schedules

* NAP monitoring must be done weekly,

— May be done more frequently.

 Small systems, <750 people or 250 cnx.

— Monitor monochloramine and ammonia with every
weekly total chlorine sample.

e Large systems, select CCPs at low, average and
high water age for weekly sampling.



3. Analytical methods

e Total chlorine: Use EPA approved method (see 30
TAC 290.119)

e Monochloramine and ammonia:
— EPA does not have approved methods.
— Use methods that achieve the required accuracy

* Document on the Lab Approval Form
— Attach to Monitoring Plan



4. Goals/baselines and trigger levels

* Nitrification is controlled by defining what
“normal” is and looking for trends that are
“abnormal.”

— Therefore, initial data must be analyzed to define
normal levels,

— And additional data must be analyzed or hypothetical
levels must be projected for levels that are a
concern: trigger levels.



Chemicals that you need trigger levels for

— Total Chlorine & Monochloramine:

e At least the regulatory minimum for Total
PLUS a Safety Factor.

— Ammonia:
e A little bit means you are in the right ‘zone’
 When it goes away — something is eating it.

— Nitrite & nitrate:
 |f distribution is more than baseline... Trigger!

— Also for pH, heterotrophic plate count if used.


Presenter
Presentation Notes
Since no two systems are the same, these levels will be specific to each PWS.

First, total chlorine and monochloramine goals are set together, because when chloramines are at the right ratio, they should be about equal.
The goals are set to ensure that the required level is maintained throughout the system.
The goals for entry points will be higher than downstream goals.

A system that doses chloramines will set a goal close to zero at their entry point.
A system that purchases and redistributes chloraminated water will set a baseline of whatever their seller provides at their entry point.
It is hard to get to zero when dosing, and a little bit means you are in the right ‘zone.’
Ammonia increases with water age, so downstream sites will have higher goals.

For nitrite and nitrate, the baseline is whatever occurs naturally in the source water.
Nitrite and nitrate will stay the same throughout the whole system unless there is either nitrification, or a cross connection or backflow event.



Baseline (Green light — Go!)

Parameters in normal operating range — all systems ‘go’

Outside normal operating range — take precaution

Alarm! (Red flag-ActlY
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Presenter
Presentation Notes
First, let’s discuss site specific levels: goals, baselines, and triggers.
The baseline or goal represents normal conditions, where levels are good. The goal may be a range representing that everything is ok.
Sometimes, though, you might get a moderately off-spec result. After you make sure that the result is accurate, you need to take some minor action to get back in range.
But sometimes, you get a result that is really bad. Things are blowing up! At that point, you take immediate action.
A stoplight is a good analogy, because 
If its green, you are good to go. 
If it is yellow, you have to decide if it is safe to go. 
If it is red, you take immediate action and stop!
IMAGE: Animation showing green, yellow, and red conditions; and stoplight.
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Presenter
Presentation Notes
This example illustrates setting the triggers at Site #2 based on the data in the example we talked about earlier.
Clearly, at Site 2, a good residual goal is about 3 mg/L so we will set that as our goal. 
And, we know that during nitrification, the level can drop to 1.0, so we will set the Red Flag goal with a bit of a safety factor at 1.5 mg/L.
Then – we can set a midpoint where we would be able to detect nitrification before it gets really bad.
If we had more data, we could do a better job of setting triggers.
Therefore, a PWS may modify the NAP as you get more data. 

IMAGE: Graph of water quality parameters with and without nitrification.


5. Action!

* Preventive action:

— Routine operating conditions

e Do this even when your levels are ok
* Corrective: Trigger 1

— Intermediate--Do this when levels are not quite ok

* Corrective: Trigger 2

— Do this when nitrification is bad


Presenter
Presentation Notes
Preventive actions are the things you normally do, even when your levels are ok.
For example, you change your oil even if the car is not running poorly.

You will take minor corrective actions when a minor –Yellow- trigger level is detected.
For example, if normal flushing does not bring residuals up enough, you will flush longer.

Major corrective action may be needed when a major – Red – trigger level is detected.
For example, when you have bad nitrification, you may consider a free chlorine burn.


Most preventive and corrective actions
overlap

* Preventive and corrective actions:
— Verify results.
— Flush.
— Dose chlorine and ammonia correctly.
— Minimize water age.

 Operational corrective action:

— Temporary conversion to free chlorine.


Presenter
Presentation Notes
As a brief overview, preventive and corrective actions, include:
For systems who dose chloramines, controlling the chlorine to ammonia ratio is the first step. Additionally, adequate mixing is important.
Second, closely tracking the chloramine effectiveness parameters in distribution will give you the information to take action to avoid nitrification.
Anything you do to control water age will also be helpful.
Likewise, all of your efforts to keep distribution pipes clean will help.

When an event is occurring, there are fewer options. 
The first thing folks do is flush, to try and bring fresh water with a good chloramine residual into the affected area. For a minor event, this can work. 
For more extensive events, the corrective action is to refresh the distribution by converting to free chlorine. This is the most effective reaction for an event, but it can also be used as a preventive strategy. Free chlorine starves the nitrifiers of ammonia.


e Possible long-term corrective actions

— Increase pH

e Chloramine decays more slowly at higher pH
e Con: Caustic feed

— Feed chlorite

e Low chlorite concentration can prevent nitrification

— Permanent conversion to free chlorine

e With aeration for trihalomethane (chloroform)
removal.



 Those potential long-term corrective actions
that require engineering should be

considered only if the operational controls
are unsuccessful.

— Additional studies must be performed to

evaluate their long-term, site-specific success at
your PWS.

e (One size does NOT fit all.)



NAP Actions:
More sampling

* Monitoring: Additional monitoring should be
done to

— Verify results

e After an ‘abnormal’ result is found, go back to that site and
collect another sample to make sure the sample was
accurate.

— Determine where nitrification is happening

 |f the level is verified, collect samples nearby to see how
far the abnormality extends.



NAP Actions:
More flushing

* Routine flushing is required at every dead-end
main.

e Additional flushing may be needed to bring fresh

water with a high chloramine residual into an
area that has nitrification.



NAP Actions:
Dose chemicals correctly
* For systems that operate water plants or booster

stations, base the chemical dose on results of
monitoring — not theoretical levels.



NAP Actions:
Increase total chlorine / decrease
ammonia

e Ammonia

— Minimize ammonia entering the distribution
system — target of just detectable

e Total chlorine residual
— Sources suggest over 2.0 is best
— The lower the residual, the greater the risk



Order of addition, mixing

e Order of addition:

— Source:

e Chlorine first for dosing raw water

— NOTE: SWTP can get exception to add ammonia first— with
additional viral log inactivation.

— Booster:
e Add ammonia first to water with chloramines.
e Add chlorine first to water with free chlorine.


Presenter
Presentation Notes
Design rules will ensure that chloramines are dosed and maintained correctly.

For surface water treatment plants, the EPA’s rules require that chlorine be added before ammonia in order to add a safety factor for viral inactivation.

=============================================================
290.42(e)(7) Chloramine disinfection shall be performed in a manner which assures that the proper chlorine to ammonia (as nitrogen) ratio is achieved in order to maintain a monochloramine residual and limit nitrification. 
(A) The order of chlorine and ammonia injection must be accomplished in a manner which allows inactivation of viruses and oxidation of cyanide. 
(i) When chlorine is injected upstream of any other disinfectant, the ammonia injection point must be downstream of the chlorine injection point.
(ii) When chlorine and ammonia are added to distribution water that has a chloramine residual, ammonia should be added first.
(iii) When chlorine and ammonia are added to distribution water that has a free chlorine residual, chlorine should be added first.
(B) Mixing shall be provided to disperse chemicals.



ldeal chloramination design:
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Presenter
Presentation Notes
Ideally, when adding chloramines to source water, the chlorine is added first, allowed to react with any chlorine demand through a mixing zone—the free chlorine residual is measured, and ammonia is dosed based on that measured residual. 

Image: Animation showing pipe with injection and sampling points



Reality of chloramination design:

Inject
ammonia

Ammonia dose iIs
calculated based
chlorine dose


Presenter
Presentation Notes
Some source water has too much bromide or total organic carbon (TOC) to be able to handle much free chlorine contact before forming excessive disinfection byproducts. So, in reality, many existing plants are constructed in a way that does not allow room for monitoring between the injection of chlorine and ammonia. Instead, the ammonia dose is based on the theoretical dose, not considering initial chlorine demand, so ammonia may be overfed.

Image: Animation showing pipe with injection and sampling points
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Presenter
Presentation Notes
However, when boosting chloramines, the first thing to do is measure what is coming in. In water that already contains chloramines, it makes sense to add ammonia first, since the chloraminated water will already contain some ammonia. After adding ammonia—which may not be needed if the source has enough—the ammonia should be measured again and the chlorine dose calculated based on that measured ammonia residual. Then, after mixing, the final total/mono/ammonia are measured.

Image: Animation showing pipe with injection and sampling points



NAP Actions:
Minimize water age

* Routinely, exercise valves to ensure no
unintended dead spots.

 Consider the impact of hydraulic dead-ends,
where water goes back and forth,

— Although the pipe may be continuous, water age may
increase in these places.

* Prioritize flushing at higher water age locations.



NAP Actions:
Free chlorine

 Atemporary conversion to free chlorine will

‘starve’ the nitrifying bacteria that ‘eat’
ammonia.

— Notify TCEQ before doing a temporary free chlorine
conversion: DBP@tceqg.texas.gov

* We will delay disinfection byproduct monitoring for 4
weeks.

 Have a plan to flush the chlorine in then flush it
out.



mailto:DBP@tceq.texas.gov

6. Share the NAP with all operators

e Document the plan (see next slide)
* Share it with the folks who work in distribution



Nitrification Action Plan Example

Chloramine-Effectiveness Sample Suite

Site

Chemical P eEEETRlE

All Sites

Nitrite

Nitrite/Nitrate
Yellow Flag

Trigger

Actions

1.23

> 1.5

Nitrate

0.12

+/- 20%

1) Verify results

2) ldentify source changes
IF confirmed-modify BL

3) ldentify area,

4) Flush area

—Till levels return to normal

> 2

+/- 50%

: : Yellow Fla
Site |Chemical . J
Trigger Actions
Total / 1) Verify results 1) Verify results
En'Fry Mono 4.0 1 3.5 2) Check and adjust 3.0 2) Adjustdose
Point Ammonia 0.1 0.2 dose 0.3
Total / 20 T 15 1) Verify results 10 1) Verify results
Average Mono y ' 2) Measure nitrite and nitrate . 2) Measure nitrite and nitrate
Ammonia | 0.5 | +/- 20% |4) enty aflected area +/- 509 |4) Identify affected area (check
- (check upstream and upstream and downstream)
Tota 5) Flush area
downstream
Far Mono 1] 10 07 5) Flush aref)i 05 6) Flush dead ends
7) Convertto Free Chlorine
Reaches : 6) Flush dead ends _
Ammonia | 0.9 |+/- 20% S Till levels return to normal +/- 50% |- Till levels return to normal

1) Verify results

2) ldentify affected area

3) Flush

4) Perform free chlorine burn
—Till levels return to normal



Presenter
Presentation Notes
This is an example of a Nitrification Action Plan in the form of a table.

It captures the goals for total, mono, and ammonia at low, medium, and high water age.
It also recognizes the baseline levels for nitrite and nitrate
It sets trigger levels for moderately off-spec water and extremely off-spec water.
And finally, it lists actions to take under those conditions.

In addition, a NAP may include triggers for pH or other parameters.


Take-home Message


Presenter
Presentation Notes
Finally, our conclusions.


Take-home Message

 Chloramines are an important tool.

— They can help maintain residuals, and

— Avoid unwanted disinfection byproducts.
e Nitrification is a potential risk of chloramination.
e Nitrification can be detected and controlled

using a

Nitrification Action Plan


Presenter
Presentation Notes
For Texas water systems, chloramines can really help to control disinfection byproducts and maintain a long-lasting residual.

It is true that nitrification is a potential concern.

But if a system plans for that concern, the negative consequences of nitrification can be avoided.
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