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Chapter 9

NITROGEN

Section 1:  INTRODUCTION TO NITROGEN

Nitrogen compounds are of interest to wastewater treatment plant operators because of the importance of nitrogen in the life cycles of plants and animals.  Nitrogen is a nutrient and occurs in many forms including ammonia, organic, nitrate and nitrite each of which may be tested for in a variety of ways.  Raw wastewater nitrogen is normally present in the organic nitrogen and ammonia forms, with small quantities of the nitrite and nitrate forms.  Depending on the amount of nitrification which occurs within the plant, the effluent may contain either ammonia or nitrate nitrogen.  Under normal circumstances, the nitrite form of nitrogen will not be present in large quantities due to its rapid oxidation or conversion to nitrate.

The presence of large concentrations of ammonia in a stream or lake can create a large oxygen demand.  This demand is caused by the conversion of ammonia to nitrate.  High concentrations of nitrate in wastewater treatment plant effluent can cause algae to grow in large quantities.  Dead and decaying algae can cause oxygen depletion problems which in turn can kill fish and other aquatic organisms in streams.  For this reason, testing for nitrogen in the plant effluent is critical.

Section 2:  GLOSSARY

Blank:  A preliminary analysis omitting only the sample to provide an unbiased reference point or baseline for comparison.  The Blank is usually run on distilled water.

Colorimetric Measurement:  The method for measuring unknown concentrations of analytes in a sample by measuring the sample’s color intensity.  The color of the sample after adding specific chemicals (reagents) is compared with colors of known concentrations.

Nitrification:  An aerobic process in which bacteria change the ammonia and organic nitrogen in wastewater into oxidized nitrogen (usually nitrate).

Nutrient:  Any substance used by living things that promotes growth.  The term is generally applied to nitrogen and phosphorus in water, but is also applied to other essential and trace elements.

Oxidation:  Oxidation is the addition of oxygen, removal of hydrogen, or the removal of electrons from an element or compound.  In wastewater treatment, organic material is oxidized to more stable substances.  In nitrogen monitoring, ammonia is oxidized to nitrite and then nitrate depending on various factors such as wastewater temperature, contact time with microorganisms and the amount of oxygen available.

Titrate:  To titrate a sample, a chemical solution of known strength is added on a drop by drop basis until a color change, precipitate or pH change in the sample is observed (end-point).  Titration is the process of adding the chemical solution to completion of the reaction as signaled by the end point.

Section 3:  SAFETY AND HYGIENE

Whenever samples of wastewater are handled, it is very important that operators wash his or her hands before eating or smoking.  While some laboratory chemicals are not dangerous, many of them are poisonous or harmful to skin and clothing.  Rubber gloves and safety glasses should be used.  It is important to wash thoroughly with soap and water after handling laboratory chemicals, especially if chemicals come into contact with the skin.  Keep bench areas free of clutter and clean bench surfaces with disinfectant after testing.

Read the labels carefully and know what to do in case of an accidental spill.  Always clean up spills quickly and in the safest possible manner using disposable rags or towels.

Acids and bases can be corrosive.  Care should be taken when handling them.  Never add water to acid.  Always add acid to water very slowly because acids and bases can generate heat when mixed with water.

Some nitrogen testing involves heating samples.  To avoid injuries caused by heat, use gloves or tongs to handle hot or potentially hot glassware.  Never assume that a beaker or flask is cool.

Section 4:  SAMPLING

Samples used for the determination of nitrogen can be either grab or composite.  The type of sample used will depend on the monitoring requirements, plant operating procedures and the testing and sample storage capabilities of individual plants.  Samples should be collected from well-mixed areas in the process flow so that they are representative of the total flow.

Section 5:  SAMPLE PRESERVATION

Most reliable results are obtained using freshly collected samples.  However, if samples must be held, residual chlorine should be removed by adding Sodium thiosulfate immediately after collection.  Acidify the sample to less than pH 2 with sulfuric acid and cool to 4°C.  Acidified and cooled samples may be held for up to 28 days.  If the test is run immediately, no preservative is required.

Section 6:  SAMPLE CONTAINERS

Special sampling devices and storage containers are not necessary for nitrogen testing.  Sampling devices should draw from well-mixed areas of tanks or pipes, be made of resistant materials that will not rust or corrode, be capable of taking samples that are proportional to the plant’s flow, and be easily and thoroughly cleaned.

Storage containers should be made of corrosion resistant material which can stand repeated refrigeration.  These containers should have leak-proof tops.  Containers should be washed with soap and water and rinsed well with distilled water.

Quiz 9.1

1.
What are the four forms of nitrogen found in wastewater?

2.
What occurs when excessive effluent ammonia is discharged into receiving waters?

3.
If nitrogen testing is not going to be run immediately, how should samples be preserved?

Section 7:  SUMMARY OF METHODS

Ammonia Nitrogen

Ammonia nitrogen can be determined by several different methods.  Selection of specific methods must be based upon the concentration level and the amount and types of interferences present.

In drinking water, surface waters and some highly purified wastewater effluents, it may be possible to determine ammonia concentrations directly by colorimetric methods.  However, the approved method for wastewater is preliminary distillation of the ammonia into an acid absorbing solution for colorimetric, titrimetric or specific ion electrode determination.

If the preliminary distillation step is omitted, comparison data must be available in the laboratory indicating no need for this step.

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen (TKN) is an analysis to determine both the organic nitrogen and the ammonia nitrogen.  The analysis involves a preliminary digestion to convert the organic nitrogen to ammonia, then distillation of the total ammonia into an acid absorbing solution and determination of the ammonia by an appropriate method.

Organic Nitrogen

Organic nitrogen can be determined on the sample left after distillation in the ammonia test.  The left over sample is digested, as in the TKN procedure, and the converted ammonia distilled for analysis.

Determination by Difference
If either the organic nitrogen or TKN is determined, the other parameter can be determined by difference or addition with the ammonia value.

TKN = Organic N + Ammonia N

Organic N = TKN - Ammonia N

Nitrates/Nitrites
The procedures for nitrate and nitrite analysis are not included in this manual.  Consult the 18th edition of Standard Methods for this information.

Section 8:  AMMONIA NITROGEN DETERMINATION

DISTILLATION STEP

When ammonia gas is dissolved in water, it will react with the water to form some ammonium ions.  Depending upon the pH of the solution, the ratio of ammonia to ammonium will vary.  At a higher pH, there is more ammonia.  At a lower pH, there is more ammonium.

In the distillation procedure, the sample pH is raised to 9.5 and the ammonia gas formed is removed by distillation.  The ammonia gas is then absorbed in a acid solution where it is converted back to ammonium.   The distillation removes the  ammonia from the sample and leaves substances which may interfere with the analysis behind.

Section 9:  EQUIPMENT AND REAGENTS

EQUIPMENT

1.
Distillation apparatus consisting of:

500 or 800 mL Kjeldahl flasks

Connecting bulbs

Vertical condensers

Hot plates

300 mL receiving beakers or flasks

2.
pH meter

REAGENTS

1.
Ammonia free distilled water

2.
Borate buffer solution 

3.
Sodium hydroxide solution  6 N

4.
Sodium thiosulfate solution

5.
Sodium hydroxide  1 N

6.
Sulfuric acid  1 N

7.
Boric acid absorbing solution

8.
Sulfuric acid absorbing solution  0.04 N

See Appendix B for the procedures for preparation of the reagents used in this method.

Section 10:  DISTILLATION PROCEDURE
1.
Add 500 mL of ammonia free distilled water and 20 mL borate buffer to a distillation flask and adjust the pH to 9.5 with 6N NaOH solution.  Add a few glass beads or boiling chips.

2.
Attach the flask to the distillation unit and distill until the distillate shows no trace of ammonia.  

3.
Leave the distillation unit assembled until ready to attach the distillation flask containing the sample.

4.
Measure out 500 mL of dechlorinated sample or an aliquot of sample diluted to 500 mL with ammonia free distilled water.

NOTE:  Remove residual chlorine by adding sufficient Sodium thiosulfate solution to just neutralize the residual chlorine in the sample.  Use 1 mL to remove 1 mg/L residual chlorine in a 500 mL sample.  If necessary, neutralize the sample to approximately pH 7 with either the 1 N Sodium hydroxide or 1 N Sulfuric acid solution.

5.
Add 25 mL Borate buffer solution to the solution.

6.
Adjust sample pH to 9.5 with 6 N Sodium hydroxide.

7.
Place sample in distillation flask and add several glass beads.

8.
Measure 50 mL of Boric acid absorbing solution into 300 mL receiving beaker or flask.

NOTE:  Use 0.04 N Sulfuric acid as the absorbing solution for samples to be tested by the ammonia specific ion electrode method.

9.
Place sample flask on the distillation apparatus and adjust heat to provide a distillation rate of 6 to 10 mL per minute and collect at least 200 mL of distillate.

NOTE:  Be sure the tip of the condenser is below the surface of the absorbing solution in the receiving beaker or flask.

10.
Lower the receiving flask until the condenser is free of absorbing solution and allow the distillation to continue 2 to 3 minutes longer. 

11.
Dilute to 500 mL with ammonia free distilled water.

12.
Determine the ammonia concentration of the distillate.

Section 11:  AMMONIA NITROGEN DETERMINATION

BY COLORIMETRIC METHOD

The addition of Nessler reagent to a sample of distillate will produce a color which ranges from pale yellow to brown depending upon the amount of ammonia present.  The pale yellow color will be present if the ammonia nitrogen level in a 50 mL sample is 20 to 50 micrograms.  The wavelength at which the measurement is made is dependent on the concentration level expected.

Section 12:  EQUIPMENT AND REAGENTS

EQUIPMENT

1.
Spectrophotometer with light path of 1 cm or more or Filter photometer with light path of 1 cm and violet filter with maximum transmittance 400 to 425 nm

2.
pH meter with high pH electrode

3.
Beakers

4.
125 mL Erlenmeyer flask

5.
Cuvets, matched set

REAGENTS

1.
Stock Ammonium solution

2.
Standard Ammonium solution

3.
Nessler reagent

See Appendix B for the procedures for preparation of the reagents used in this method.

Section 13:  COLORIMETRIC PROCEDURE  

1.
Pipette 50 mL of distillate or a suitable aliquot diluted to 50 mL with ammonia free distilled water into a 125 mL Erlenmeyer flask. 

2.
Neutralize the boric acid absorbing solution by:


a.
Adding 2 mL Nessler reagent  or


b.
Adding Sodium hydroxide to pH near 7 followed by the addition of 1 mL of Nessler reagent

3.
Cap the Erlenmeyer flask with a clean rubber stopper and mix thoroughly.

4.
Allow 10 minutes for color development.  (Sample, blank, and standards must be maintained at the same temperature and color development time.)

NOTE:  If ammonia nitrogen is extremely low, allow 30 minute development.

5.
Measure percent transmittance of the sample using a distilled water blank as reference (%T = 100) at the selected wavelength.  (Since the wavelength used is dependent on the ammonia concentration, the wavelength must be determined experimentally and then remain constant for standards and samples.)


Concentration (mg/L)
Wavelength (nm)


0.4 to 5.0 mg/L
400 to 425


approaching 10 mg/L
450 to 500

NOTE:  Using a 5 cm cell can extend the concentration range to include 0.1 mg/L to 1.2 mg/L.

6.
Read the nitrogen concentration in ug from the calibration curve and calculate the ammonia nitrogen using the formula in Section 12(d).

Section 14:  PREPARING CALIBRATION CURVE

Standards must be treated in the same manner as samples.  The volumes of standard solution selected must be placed in the distillation assembly and distilled.  The distillate is diluted to 500 mL and a 50 mL aliquot is used for the preparation of the standard curve.

Depending on the range of ammonia nitrogen to be determined, select a series of standard ammonia solution volumes.  For samples with a concentration in the range of 0.4 to 5.0 mg/L, prepare standard solutions by pipetting appropriate volumes of 0.5 to 250 microgram/50 mL aliquot into distillation flasks, and dilute to 500 mL with ammonia free water.

Place 500 mL of ammonia free distilled water in a distillation flask, proceed with the distillation and colorimetric procedures.

Plot the percent transmittance of the standards at 425 nm versus the micrograms of nitrogen on standard graph paper.

Section 15:  CALCULATION

To determine the amount of ammonia nitrogen, use the following formula:

mg/L ammonia N = A/mL sample x B/C

A = micrograms of N from calibration curve

B = Volume of distillate collected (500 mL)

C = Volume of distillate used for color development

mL sample = mL of original sample placed in distillation flask

Section 16:  INTERFERENCES

Certain organic compounds (including urea and cyanates) will hydrolyze during distillation at a 9.5 pH.  While the hydrolysis is relatively small (5 to 7%), the result of the analysis can be increased slightly.

Residual chlorine will cause interference and must be removed before the ammonia determination.

Section 17:  SENSITIVITY

Utilizing carefully prepared Nessler reagent, concentrations of as little as 1 (g/50 mL may be detected.  Results at this level are extremely erratic.
Section 18:  AMMONIA NITROGEN DETERMINATION

BY TITRIMETRIC METHOD

The titrimetric procedure for the determination of ammonia nitrogen can be used only for samples which have been treated by the preliminary distillation into boric acid absorbing solution.  In this procedure, the ammonium concentration of the boric acid solution is titrated with a strong acid titrant to the pale lavender end-point of methyl red-methylene blue indicator.  

Section 19:  EQUIPMENT AND REAGENTS

EQUIPMENT

1.
Distillation apparatus

2.
50 mL Burette

REAGENTS

1.
Indicating Boric acid solution

2.
Methyl red-Methylene blue mixed indicator

3.
Sulfuric acid standard titrant 0.02 N

See Appendix B for the procedures for preparation of the reagents used in this method.

Section 20:  TITRIMETRIC PROCEDURE

1.
Distill the sample as described in Section 11 using indicating Boric acid solution as the absorbent for the distillate.

2.
Select an appropriate aliquot of distillate based upon expected ammonia concentration.


expected ammonia
mL distillate


nitrogen concentration
to use


5
to
10 mg/L
250


10
to
20 mg/L
100


20
to
50 mg/L
50


50
to
100
mg/L
25

3.
Titrate the sample with 0.02 N standard sulfuric acid titrant until the indicator turns a pale lavender.

4.
Repeat the entire procedure using an ammonia free distilled water blank.

Section 21:  CALCULATION

To determine the concentration of ammonia nitrogen, use the following formula:

mg/L Ammonia N = ((A - B) x 280)/mL sample

A = volume of sulfuric acid titrated for sample (mL)

B = volume of sulfuric acid titrated for blank (mL)

Section 22:  INTERFERENCES

Volatile alkaline substances may cause variations in the test results.

NOTE:  The titration method is best used for ammonia nitrogen concentrations in excess of 5 mg/L.

Section 23:  AMMONIA NITROGEN DETERMINATION

BY ION SELECTIVE ELECTRODE METHOD

The ammonia electrode uses a hydrophobic (water repelling) gas permeable membrane to separate a sample solution from the electrode internal solution.  Dissolved ammonia in the sample will pass through the membrane until the partial pressure of ammonia is equalized.  The ammonia gas reacts with the internal filling solution creating an electrical current which will be proportional to the ammonia nitrogen concentration.

Section 24:  EQUIPMENT AND REAGENTS

EQUIPMENT

1.
Ammonia electrode

2.
pH meter capable of reading relative millivolt potential or Specific ion meter 

3.
Magnetic stirring plate and stirring bars

REAGENTS

1.
Sodium hydroxide  10 N

2.
Standard ammonium solution

3.
Electrode filling solution

4.
Buffer pH 4.0

5.
Buffer pH 7.0

6.
Ammonia free distilled water

See Appendix B for the procedures for preparation of the reagents used in this method.

Section 25:  ELECTRODE PROCEDURE

Since the step by step procedure will be dependent on the meter and electrode system chosen for the determination, it is not possible to provide a detailed procedure.  This discussion will be limited to general terms.

The electrode and membrane must be tested daily to ensure proper operation. The method for this usually involves determination of the slope of the calibration curve.  (The slope will normally be 58 +/- 1 mv at 25°C.)

The samples and standards must be at the same temperature.  A variation of 1°C will result in a 2% error in the measurement.

Samples and standards must be adjusted to a pH of 11 to 14 just prior to analysis.  Usually adding 1 mL of 10 N NaOH to a 50 or 100 mL sample is sufficient.

Samples and standards must be stirred constantly during the analysis.  A magnetic stirring bar in the sample placed on a stirring plate will provide constant stirring.

Ammonia determinations may be made directly on the distillate or may be made by a known addition method.

Section 26:  PREPARING CALIBRATION CURVE

If the millivolt scale of a pH meter is used, a calibration curve should be prepared using a standard ammonium solution.  The curve is prepared by measuring the millivolt reading for samples containing 0.1, 1, 10, 100, and 1000 mg/L.  Since the electrode measures relative millivolt production, the normal procedure is to set the millivolt reading for the 10 mg/L concentration to zero and determine the remaining standard millivolt production relative to this value.  The results are then plotted on semi-log graph paper.

The standard reference or calibration curve should be checked daily by testing a standard ammonium solution which has been processed in the same manner as the samples to be tested.

Section 27:  INTERFERENCES

Volatile amines will interfere with operation of the electrode.  High concentrations of ionic substances can also interfere due to their effects on the solubility of ammonia.

Ammonia will form complexes with certain metallic ions causing lower test results.  The most likely interfering metallic ion is the mercury ion which is not removed as hydroxide at high pH.  If mercury is suspected, it should be removed by complexing with iodide.

Water vapor may act as an interference if it passes through the membrane and dilutes the internal filling solution.  Normally this situation is eliminated by adjusting the pH with 10 N sodium hydroxide.

The presence of wetting agents such as those found in commercial detergents will destroy the hydrophobic character of the membrane.  This allows water to pass through the membrane diluting the internal filling solution.

Section 28:  SENSITIVITY

The specific ion electrode method has acceptable accuracy to as low as 1 mg/L ammonia nitrogen.  Below this level, the diffusion of ammonia through the membrane becomes very slow and requires special precautions and procedures.

Results can be reproduced to within +/- 2% if the meter is recalibrated hourly during use.  Reproducibility of results is dependent on temperature variations, meter drift, and electronic noise.

Results are affected greatly by temperature variations.  A 1°C temperature change may produce a +/- 2% error in measurement.  The heating effects of a magnetic stirrer may be sufficient to affect test results.  To avoid this, the beaker should be insulated from contact with the stirrer by means of a thin plate of Styrofoam.

Section 29:  INTERPRETATION OF RESULTS

Since the ammonia form of nitrogen can be modified by biological activity, it is possible to have varying concentration ranges for ammonia nitrogen at each stage of treatment.  For example, the effluent from an activated sludge plant may contain high levels of ammonia nitrogen if the process is operated in such a way as to retard the growth of nitrogen related bacteria or the effluent may contain very low levels of ammonia nitrogen if the process contains a large number of nitrifying bacteria.

Influent concentrations for ammonia nitrogen will normally fall in the range of 0.01 to 50 mg/L depending on the characteristics of contributors to the system.

Quiz 9.2

1.
Describe the distillation apparatus for the ammonia determination.

2.
What two chemicals are acceptable for use as absorbents for the distilled sample?

3.
What wavelength(s) can be used to measure ammonia in the colorimetric procedure?

4.
What should be added to the absorbing solution for the titrimetric end-point in the ammonia procedure?

5.
What instruments are acceptable for use in the electrode procedure for ammonia?

Section 30:  TOTAL KJELDAHL NITROGEN DETERMINATION

Total Kjeldahl Nitrogen (TKN) is the sum of the organic nitrogen and the ammonia nitrogen forms in a sample.  In the presence of sulfuric acid, potassium sulfate, and a mercuric sulfate catalyst, the nitrogen which is part of organic matter is converted to ammonia by sodium thiosulfate and then distilled from alkaline solution as described in the ammonia nitrogen discussion.

For TKN (or organic) values less than 5 mg/L, the colorimetric method should be used.  However, for samples of unknown concentrations or concentrations greater than 5 mg/L, the titrimetric method should be used.

Section 31:  EQUIPMENT AND REAGENTS

EQUIPMENT

1.
Kjeldahl digestion apparatus

2.
Heating unit capable of heating a 250 mL sample from 25°C to boiling within 5 minutes

3.
Fume hood or exhaust fume ejector

4.
Equipment for distillation and measurement of ammonia nitrogen

REAGENTS

1.
Kjeldahl digestion reagent consisting of:

Concentrated Sulfuric acid

Potassium Sulfate

Mercuric Oxide

2.
Phenolphthalein indicator

3.
Sodium hydroxide - Sodium thiosulfate reagent

4.
Borate buffer solution

5.
Sodium hydroxide  6 N

6.
Reagents for distillation and measurement of Ammonia nitrogen

See Appendix B for the procedures for preparation of the reagents used in this method.

Section 32:  KJELDAHL DIGESTION PROCEDURE

1.
Select an appropriate volume of sample to be placed in the 500 to 800 mL Kjeldahl digestion flask.


expected TKN
mL of sample


concentration (mg/L)
to use


0
to
1
500 (use 800 mL flask)


1
to
10
250



10
to
20
100


20
to
50
50


50
to 
00
25


Dilute if necessary to 300 mL with ammonia free distilled water.

2.
CAREFULLY add 50 mL of digestion reagent.  If large amounts of organic matter are present, an additional 50 mL of reagent must be added per gram of organic matter.  (This may be estimated from volatile solids information).

3.
Mix thoroughly.  (Incomplete mixing can cause bumping during the digestion and may result in glassware breaking or loss of sample).

4.
Add several glass beads of boiling chips to the flask.

5.
Place flask on digestion apparatus and heat to boiling and continue boiling until you see the formation of dense white fumes (SO2).

6.
Continue to digest the sample for 30 minutes more.  As the digestion continues, colored or turbid samples will turn clear or straw colored.

7.
Cool the flask and dilute the sample with 300 mL of ammonia free distilled water.  Mix.

8.
Add 0.5 mL phenolphthalein indicator.

9.
Tilt the digestion flask and CAREFULLY add a sufficient amount of sodium hydroxide - thiosulfate reagent to form an alkaline layer (pink zone) in the bottom of the flask.  Usually 50 mL of reagent is needed for every 50 mL of digestion reagent used.

10.
Connect the flask to the distillation apparatus, mix thoroughly and distill 200 mL of distillate into a boric acid absorbing solution.  (See Section 11 for the distillation procedure.)  

11.
Determine Total Kjeldahl Nitrogen as ammonia using one of the methods outlined in Sections 12, 13, and 14.

NOTE:  For the spectrophotometric method, the blank and standards must be treated by the digestion procedure.)

Section 33:  CALCULATIONS

Calculate the ammonia measured as TKN using the procedures found in Sections 12, 13, and 14.

Section 34:  ORGANIC NITROGEN DETERMINATION

Since TKN represents the sum of the organic and ammonia nitrogen concentrations, the amount of organic nitrogen normally can be determined by subtraction.

Organic nitrogen = TKN - Ammonia nitrogen

If the available equipment and/or laboratory space is limited, the TKN procedure can be performed using the solution left in the distillation flask after the determination of ammonia nitrogen.

NOTE:  The solution should be diluted to approximately 300 mL before the digestion is performed.

The results of this test will be the organic nitrogen in the sample.  The TKN concentration can then be found by adding the ammonia and organic nitrogen concentrations.

TKN = Ammonia nitrogen + Organic nitrogen

Section 35:  INTERFERENCES

The actual determination of TKN and organic nitrogen is based upon the analysis of the converted ammonia.  Therefore, the primary interest should focus on the sensitivity limits and interferences noted for these tests.

The TKN and organic nitrogen procedure as outlined does not recover such organic nitrogen forms as azide, azo, hydrozones, nitrile, semicarbozones, and oximes.

Section 36:  INTERPRETATION OF RESULTS

As outlined in the discussion of normal ranges for ammonia concentrations, the concentrations of TKN and organic nitrogen will be dependent on the type of facility and the levels at which it is operated.  Normal influent TKN values will be in the range of 0.01 to 60 mg/L.  The values for organic nitrogen will be in the range of 0.01 to 50 mg/L.

Section 37:  QA/QC

A Quality Assurance/Quality Control program is required by the NPDES permit.  Quality Assurance (QA) is a set of operating principles that must be followed during sample collection and analysis.  Lab bench sheets must be maintained that document when the sample was collected, how it was preserved, and what results were obtained.

Quality Control (QC) includes any testing which is done to prove that the results are reliable.  One of every ten samples analyzed should be a QC check.  This may include duplicate samples, spike samples, reagent blank analyses and known QC samples obtained from outside sources.

Duplicate sample analysis involves analyzing the same sample twice and comparing the results.  The closer the results, the more accurate the analysis.  Results should not differ by more than 10%.  Spike sample analysis involves adding known amounts of analyte to a sample and calculating the percent recovery.  These are discussed further in Chapter 10.

In Nitrogen analysis, a distilled water blank must be run with every batch of samples tested.  It is used to show that the glassware and reagents are not contaminated.

Spike samples are run by adding standard to a sample.  For example, a 100 mL Effluent sample is spiked with 1 mL of the 100 mg/L Ammonia nitrogen standard yielding the following results:

Effluent sample result:  0.174 mg/L

Spiked Effluent sample result:  1.21 mg/L

Conc. of 1 mL of 100 mg/L standard in 100 mL:  1.00 mg/L

Expected spike result = sample result + standard conc.

= 0.174 + 1.00

= 1.174


Percent recovery = spike result divided by expected result x spike volume over original volume x 100%

= 1.21 divided by 1.174 x 101/100 x 100%

= 104%



Quality Control samples with known concentrations of Ammonia, Organic or Total Nitrogen can be purchased from chemical supply companies.  The results from duplicate, spike and outside QC samples should be recorded in a QC notebook.

Sample bench sheets are included in Appendix C.

Quiz 9.3
1.
Why is a digestion procedure necessary in the analysis of TKN or Organic nitrogen?

2.
For what purpose is the mercuric sulfate used in the digestion reagent for the TKN procedure?

3.
What are the white fumes generated near the end of the digestion in the TKN procedure?

4.
Why is it a good practice to mix all solutions thoroughly and use glass beads during the TKN procedure?





Answers to Quizzes

Quiz 9.1
1.
What are the four forms of nitrogen found in wastewater?


The four forms of nitrogen found in wastewater are Organic nitrogen, Ammonia nitrogen, Nitrate nitrogen and Nitrite nitrogen.
2.
What occurs when excessive effluent ammonia is discharged into receiving waters?

The conversion of ammonia to nitrate creates a large oxygen demand.  This reduces the amount of oxygen available to aquatic organism in the receiving stream.

3.
If nitrogen testing is not going to be run immediately, how should samples be preserved?

Acidify the sample to less than pH 2 with sulfuric acid and cool to 4°C.

Quiz 9.2

1.
Describe the distillation apparatus for the ammonia determination.
A 500 or 800 mL Kjeldahl flask connected to a vertical condenser by means of a connecting bulb and a hot plate or flame capable of being regulated to allow the proper volume per minute to be distilled.

2.
What two chemicals are acceptable for use as absorbents for the distilled sample?

The two chemicals that are acceptable for use as absorbents for the distilled sample are Boric acid or 0.4 N Sulfuric acid solutions.

3.
What wavelength(s) can be used to measure ammonia in the colorimetric procedure?

This must be determined experimentally, but should range between 400 and 500 nanometers depending of the concentration of ammonia present in the sample.

4.
What should be added to the absorbing solution for the titrimetric end-point in the ammonia procedure?

Methyl red - Methylene blue mixed indicator solution

5.
What instruments are acceptable for use in the electrode procedure for ammonia?

pH meter capable of reading relative millivolt potential or a specific ion meter
Quiz 9.3

1.
Why is a digestion procedure necessary in the analysis of TKN or Organic nitrogen?

A digestion procedure is necessary in the analysis of TKN or Organic nitrogen because it is used to transform the Organic nitrogen to the Ammonia form which can then be measured.

2.
For what purpose is the mercuric sulfate used in the digestion reagent for the TKN procedure?

It is a catalyst.

3.
What are the white fumes generated near the end of the digestion in the TKN procedure?

SO2

4.
Why is it a good practice to mix all solutions thoroughly and use glass beads during the TKN procedure?

To prevent local heating and bumping during the distillation procedure.

APPENDIX A

References

Standard Methods for the Examination of Water and Wastewater, 18th Edition, AWWA, APHA, WPCF; Water Pollution Control Federation, Washington, DC, 1992.

Methods for Chemical Analysis of Water and Wastes, U.S. EPA - 600/4-79-020, March 1979.

A Field Study Program, Operation of Wastewater Treatment Plants, Kerri, Kenneth et al, University of California, Sacramento.

NOTES:
APPENDIX B

Reagent Preparation

REAGENTS FOR PRELIMINARY DISTILLATION

1.
Borate buffer solution 

Add 88 mL of 0.1 N Sodium hydroxide (4g NaOH/L) to 500 mL 0.025M Sodium tetraborate (Na2B4O7) solution (5.0 g Na2B4O7
or 9.5 gm Na2B4O7.10 H2O/L) and dilute to 1 L.

2.
Sodium hydroxide solution  6 N

Dissolve 240 grams of sodium hydroxide (NaOH) in 1 liter of ammonia free water.

3.
Sodium thiosulfate solution
Dissolve 3.5 grams Sodium thiosulfate pentahydrate (Na2S2O3.5 H2O) in ammonia free water and dilute to 1 L.  Prepare fresh weekly.

4.
Sodium hydroxide  1 N

Dissolve 40 grams of Sodium hydroxide (NaOH) in ammonia free water and dilute to 1 L.

5.
Sulfuric acid  1 N

Carefully pour 28 mL of concentrated Sulfuric acid (H2SO4) into 500 mL of ammonia free water.  Dilute to 1 L.

6.
Boric acid absorbing solution
Dissolve 20 g of Boric acid (H3BO3) in ammonia free water and dilute to 1 L.

7.
Sulfuric acid absorbing solution  0.04 N
Dilute 1.0 mL of concentrated Sulfuric acid (H2SO4) in 1 L of ammonia free water.

REAGENTS FOR COLORIMETRIC METHOD

1.
Stock Ammonium solution (1,000 mg/L)

Dissolve 3.819 grams of anhydrous ammonium chloride (NH4Cl), dried at 100°C for 1 hour, in ammonia free water and dilute to 1 L.

2.
Standard Ammonium solution (100 mg/L)

Dilute 10.0 mL of stock solution to 1 L with ammonia free water.

3.
Nessler reagent

Dissolve 100 g of Mercury (II) iodide (HgI2) and 70 g of Potassium iodide (KI) in a small amount of ammonia free water.  Caution:  Mercuric iodide is toxic.  Avoid ingestion.  Add this mixture slowly, with stirring, to a cool solution of 160 g of Sodium hydroxide (NaOH) dissolved in 500 mL of ammonia free water.  Dilute to 1 L.  Store this solution in a rubber stoppered Pyrex bottle in the dark.  This reagent should remain stable for up to 1 year.

The reagent should be checked to make sure it yields the characteristic color with 0.1 mg NH3-N/L within 10 minutes after addition and does not produce a precipitate with small amounts of ammonia within 2 hours.

REAGENTS FOR TITRIMETRIC METHOD

1.
Indicating Boric acid solution

Dissolve 20 g Boric acid (H3BO3) in ammonia free water, add 10 mL mixed indicator solution, and dilute to 1 L.  Prepare monthly.

2.
Methyl red-Methylene blue mixed indicator solution
Dissolve 200 mg of methyl red indicator in 100 mL 95% ethyl or isopropyl alcohol.  Dissolve 100 mg of methylene blue in 50 mL 95% ethyl or isopropyl alcohol.  Combine the solutions.  Prepare monthly.

3.
Sulfuric acid standard titrant 0.02 N

Dilute 20 mL of 1.0 N Sulfuric acid (H2SO4) to 1 L with ammonia free water.  Standardize by titrating against sodium carbonate incorporated into the indicating boric acid to simulate test conditions.

Calculation:

Normality = mg Na2CO3 added divided by (53 x mL H2SO4 added)

At 0.0200 N, 1 mL = 280 ug/L

REAGENTS FOR SPECIFIC ION ELECTRODE METHOD

1.
Sodium hydroxide  10 N

Dissolve 400 g of Sodium hydroxide (NaOH) in 800 mL of ammonia free water.  Cool and dilute to 1 L.

2.
Standard ammonium solution
See Colorimetric section above.

REAGENTS FOR TOTAL KJELDAHL NITROGEN

1.
Kjeldahl Digestion Reagent 

Dissolve 134 g of Potassium sulfate (K2SO4) in 650 mL of ammonia free water and add 200 mL of concentrated Sulfuric acid.  Add, with swirling, a solution of 2 g Mercuric oxide (HgO) in 25 mL 6N H2SO4.  Dilute the combined solution to 1 L with ammonia free water.  Do not refrigerate.

2.
Sodium hydroxide - Sodium thiosulfate reagent
Dissolve 500 gm of Sodium hydroxide (NaOH) and 25 g of Sodium thiosulfate pentahydrate (Na2S2O3.5 H2O) in ammonia free water and dilute to 1 L.

3.
Borate buffer solution

See Preliminary Distillation reagents above.

4.
Sodium hydroxide  6 N

See Preliminary Distillation reagents above.
APPENDIX C

Sample Bench Sheets

COLORIMETRIC METHOD

Ammonia Nitrogen Analysis
Sample collection Date: _______
Time: _______
By: _______

Sample preserved?  yes  no
Preservative: ____________

Analysis run Date: _______
Time: _______
By: _______

Sample ID
% T result
Conc. from curve
Calculated Conc.

using formula 














































To determine the amount of ammonia nitrogen, use the following formula:

mg/L ammonia N = A/mL sample x B/C

A = micrograms of N from calibration curve

B = Volume of distillate collected (500 mL)

C = Volume of distillate used for color development

mL sample = mL of original sample placed in distillation flask

Titrimetric Method

Ammonia Nitrogen Analysis
Sample collection Date: _______
Time: _______
By: _______

Sample preserved?  yes  no
Preservative: ____________

Analysis run Date: _______
Time: _______
By: _______

Sample

ID
Volume of sample used
Titrant for sample
Titrant for 

blank
Calculated

Conc.























































To determine the concentration of ammonia nitrogen, use the following formula:

mg/L Ammonia N = ((A - B) x 280)/mL sample

A = volume of sulfuric acid titrated for sample (mL)

B = volume of sulfuric acid titrated for blank (mL)

Ion Selective Electrode Method

Ammonia Nitrogen Analysis
Sample collection Date: _______
Time: _______
By: _______

Sample preserved?  yes  no
Preservative: ____________

Analysis run Date: _______
Time: _______
By: _______

Sample ID
mV reading
Conc. From

curve
Dilution

factor
Corrected Conc.























































Ammonia Nitrogen As N

Sample
Date: 

Analysis
Date: 


Time: 


Time: 



Initials: 


Initials: 


Composite or Grab: 

Sample 
Influent
Effluent
Blank
Standard 
Standard 

Type





1
2

Dechlorination Check








Distillation








pH Check








Dilution Factor








Instrument Reading








Final Result (mg/L)








Expected Results








Calculations:

APPENDIX D

Preparation of a Calibration Curve

In several of the analyses presented in this manual, there is a need for the preparation of a standard calibration curve.  The curve establishes the relationship between absorbance or percent transmittance and the concentration of the desired parameter.  Using this curve, samples can be tested by the measurement of their absorbance or percent transmittance and the corresponding concentration can be read off the graph.

Rules for preparing calibration curves.

1.
Prepare all standards in duplicate or triplicate.  Use the average of absorbance or transmittance for preparing the curve.

2.
Process the standards in the same manner as the samples will be analyzed.  If the samples will undergo a digestion, the standards must be digested as well.

3.
A distilled water sample (blank) must be processed in the same manner as the standards.  This blank will be used as the reagent blank for setting the spectrophotometer to read zero absorbance or 100% transmittance.

4.
A minimum of one standard should be processed daily to check the accuracy of the calibration curve and the quality of the reagents.

5.
When new reagents are prepared, the calibration curve should be checked by at least 3 standards.

6.
If the curve appears to differ from a straight line, the curve may be straightened to approximate a straight line by plotting the data on semi-logarithmic graph paper.

7.
Plot data with the absorbance or percent transmittance readings on the vertical axis and concentration on the horizontal axis.

8.
Select graph paper with appropriate graduations.  Do not use graduations which require constant estimation of readings.
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