My article this month is Part 1 of a two-

part series on understanding Nitrification. In Part
2 this summer, I will explain the importance of De-
Nitrification and the associated benefits. I hope you
find these article’s interesting and beneficial to the
operation of your facility.

Most wastewater plants in Pennsylvania are
required to nitrify but why is it important and how
does it happen? Ammonia nitrogen (NH3) places
a very high dissolved oxygen demand on receiving
streams and is very toxic to fish and aquatic life, which
explains why there is a permit requirement. For this
reason, operators should work hard to produce the
highest quality effluent discharges that enter their
receiving streams.
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The answer to the second question — how
does nitrification occur - is a little more complex but
must also be understood. The conversion of ammonia
(NH3) nitrogen is a two-step process. First, ammonia
is converted to nitrite (NO2) by a bacteria called
Nitrosomonas and then almost immediately converted
to Nitrate (NO3) by a bacteria called Nitrobacter. For
this to take place there are many important parameters
that must be met and tested for on a daily basis.

The nitrifying bacteria prefer a very stable
environment and are very sensitive to temperature,
pH, dissolved oxygen / detention time, and toxicity.
A key element to keep in mind is that Nitrobacter
bacteria are the more sensitive of the two. If you
lose your Nitrobacter bacteria, you will enter into
partial nitrification. This means that you will convert
ammonia to Nitrite (NO2) but will not complete the
conversion to Nitrate. If this happens, you will notice
your chlorine demand increase dramatically, perhaps
to the point of not being able to feed enough chlorine
to maintain a residual. This may have even lead to
violations on your permit due to high fecal counts on
your effluent.

Ideal temperatures for the nitrifying bacteria
are 30-35°C (86-95° F). As temperatures decline, the
bacteria are less efficient and at temperatures below
5° C (41° F) bacteria will continue to work but not as
efficient, and if nitrification is lost temperatures will
need to be above 10° C (50° F) before nitrification
will resume. It’s important to know that these
temperatures are process temperatures and not outside
temperatures.

Another parameter that needs to be closely
monitored is pH. The nitrifying bacteria are also
very sensitive to large pH swings. The optimal pH
range for the nitrifying bacteria is 7.5-8.5. Most
plants operate in the pH range of 6.5-7.5 and are
very successful at these ranges but when pH levels
fall below 6.0, the nitrification process stops. In my
experience, the main factor for drops in pH is the lack
of sufficient alkalinity in the process.
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Alkalinity is defined as the ability to resist a
drop in pH. Conveniently, acid is produced in the
nitrification process. Ifsufficient alkalinity is available
then a stable pH should be able to be maintained. If
not, then pH levels could drop to harmful levels.
Alkalinity can be checked in the plant effluent and if
levels are tested and found to be in the 80 — 100 parts
per million (ppm) range, then the alkalinity should
be sufficient. If ranges are found to be significantly
lower, then an alkalinity supplement should be mixed
in with the raw influent or distributed across the
aeration tank so that alkalinity levels are maintained
between 80 — 100 parts per million.

Nitrification is strictly an aerobic process,
meaning that the nitrifying bacteria need free
dissolved oxygen to do their work. In comparison
to BOD removal, it takes approximately 1.5 pounds
of oxygen to remove one pound of BOD versus 4.6
pounds of oxygen to convert 1.0 pound of ammonia
nitrogen to nitrate. As you can see, oxygen is essential
to the nitrification process. To meet this requirement
you will need to maintain a dissolved oxygen level
of 1.0-3.0 mg/l in your aeration tank and a detention
time under aeration of 12-14 hours.

Toxicity is the final influence on nitrification
in the activated sludge process. Toxins can come in
many forms but are often caused by heavy metals such
as silver, copper, mercury, zinc, and toxic chemicals
discharged into your system by your customers.
These customers can be from a variety of industries
such as machine or mechanic shops to schools and
nursing homes.

I always find it interesting to hear from plant
operators that they are told that their new plant will
pretty much run itself. The reality is that many tests
need to be performed on a daily basis for your plant to
run successfully and while computers and automation
can be a good thing, they still need to be checked and
equipment must be calibrated to keep them in check.

I hope this has been helpful and I look forward
to continuing part 2 of this article on the benefits of
De-Nitrification in our next issue. As always feel free
to contact me with any questions at jbuskirk@prwa.
com

Until next time, Be safe and I’ll see ya’ by the
stream!
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