
Discharge Limit (DL) Violations: Nitrogen

Joshua Litt
Environmental Science Specialist III

Groundwater Protection 



Introduction

§ Nitrification/Denitrification



Anaerobic vs. Anoxic

§ Anaerobic: biological reactions in the absence 
of oxygen

§ Anoxic: biological activity takes place with 
electron acceptors such as nitrite and nitrate; 
oxygen is only available in a combined form



§ Nitrification, Denitrification

Nitrification and Denitrification



Nitrate Concerns

• Effluent rich in nitrates discharging into streams 
or rivers can cause algae blooms or other plants 
to grow rapidly, quickly depleting oxygen in the 
water and causing fish and other aquatic life to 
die.

• Methemoglobinemia - Hemoglobin is the molecule present in red blood cells & helps 
in distribution of oxygen to the body. Methemoglobin doesn’t have the ability to 
release oxygen. When a patient suffers for this condition, hemoglobin in the body is 
unable to effectively release oxygen to the body tissues.

Oxygen from Lung Oxygen bonds to
hemoglobin

Oxygen released to
Tissue cells

Red blood cell Oxygen molecule Hemoglobin molecule



Nitrogen Type Exceedances
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Nitrogen DL Violations
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§ The 5 smp rolling geo mean is determined by 
multiplying five (5) most recent monthly 
sample values (m1, m2, etc.) together and 
taking the fifth root of the product. 

§ GM5 = ! "1 "2 "3 "4 ("5)
§ Example: The required month is December. 

Aug= 12.0 mg/l, Sep = 8.0 mg/l, Oct = 5.0 
mg/l, Nov = 10.0 mg/l, Dec = 8.0 mg/l 

§ ! 12 8 (5)(10)(8) = ! 38400 = 8.2 mg/l

5 sample (smp) rolling geo mean TN



Excel Example

§ J:\COMMON\KOUI\Groundwater\Nitrogen\Lit
t- Nitrogen\5 smp rolling geo mean 
example.xlsx

file:///%5C%5Cev.azdeq.gov%5Cfs%5Cshared%5CCOMMON%5CKOUI%5CGroundwater%5CNitrogen%5CLitt-%20Nitrogen%5C5%20smp%20rolling%20geo%20mean%20example.xlsx


Calculations Cont’

§ If weekly readings:
– Take the average of all the weeks and use

§ If daily readings:
– Take the average of all of the days

§ Missed sample:
– 5 Violations
– Cannot use for 5 sample rolling geo mean 

calculation



Case Study

§ Low flow facility; <15,000 gpd
§ Original design called for sand filter re-

circulation line to the equalization basin
§ Revamped facility and line was removed



Case Study Cont’d
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Solution 

§ Installed re-circulation line
– Carbon source added 
– Sends pre-disinfected effluent back to equalization 

basin
– Passes through system again

§ Total Nitrogen concentrations dropped



Low Flow Potential Solutions

§ Addition of a recycle line/pump:
– Increases flow volume 

– Sends “treated wastewater (non-disinfected)” 
back for a second time through plant

§ For SBRs/MBRs:
– Longer hold and treatment times in anoxic zones 

help produce N2 gas

§ Denitrification:
– Adding carbon sources such as acetic acid or 

methanol

§ Sludge 
– Additional carbon source

– Gradually re-feed back into aeration basin
• Acts as a carbon source 

• Bugs create Oxygen Reduction Potential

• Removes DO (addition of coarse bubbles)



Keys For Good Nitrification

Alkalinity and pH > 6.5

- Ideal pH is between 6.5 and 9
- Less than pH of 6, nitrification will stop
- Nitrification produces acid; lowers pH, thus needs alkaline source to buffer the 

pH loss
- Alkaline sources such as sodium bicarbonate or sodium hydroxide can be used
- Denitrification produces alkalinity, which raises pH

Temperature
- Ideal Temperature for MAX rate: 30°- 35° C or 86°- 95° F
- Temperatures above 40° C (104° F), nitrification will drop towards zero
- Cold temperatures around 20° C (68° F) will slow the rate
- If temperature drops to below 10° C (50° F) it can slowly continue if it is not lost

Nitrifier bacteria max rate at 
temperatures between  
Ideal Temperature for MAX 
rate: 30°- 35° C or 86°- 95° F

Dissolved Oxygen
- Bacteria need free dissolved oxygen in 

order to “work”
- Good aerobic conditions
- Coarse air or fine diffusers



Keys For Good Denitrification

§ Low Dissolved Oxygen:
– Bacteria will consume oxygen from nitrate (NO3), 

leaving nitrogen gas, that will escape to 
atmosphere

§ Carbon source
– Bacteria MUST have carbon food source
– Methanol, acetic acid etc.

§ Temperature
– Between 5° – 30° C (41° – 86° F)
– Increase in temperature = increase in 

denitrification



Reclaimed Water

§ Classes A+ and B+ must meet 5 smp rolling geo 
mean for total nitrogen of < 10 mg/l



Questions? If you have questions, I can be reached at 
602-771-4805 or at 
litt.joshua@azdeq.gov


