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DETERMINATION OF DISSOLVED OXYGEN BY WINKLER TITRATION

  A. THEORY

The dissolved oxygen concentration of seawater is defined as the number of milliliters of dioxygen gas (O2) per liter of seawater (mL/L). Dissolved oxygen (O2) concentration in seawater is often necessary in environmental and marine science. It may be used by physical oceanographers to study water masses in the ocean. It provides the marine biologist with a means of measuring primary production - particularly in laboratory cultures. For the marine chemist, it provides a measure of the redox potential of the water column. The concentration of dissolved oxygen can be readily, and accurately, measured by the method originally developed by Winkler in 1888. Dissolved oxygen can also be determined with precision using oxygen sensitive electrodes; such electrodes require frequent standardization with waters containing known concentrations of oxygen. They are particularly useful in polluted waters where oxygen concentrations may be quite high. In addition, their sensitivity can be exploited in environments with rapidly-changing oxygen concentrations. However, electrodes are less reliable when oxygen concentrations are very low. For these reasons, the Winkler titration is often employed for accurate determination of oxygen concentrations in aqueous samples. 
The chemical determination of oxygen concentrations in seawater is based on the method first proposed by Winkler (1888) and modified by Strickland and Parsons (1968). Oxygen in the water sample oxidizes iodide ion (I-) to iodine (I2) quantitatively. The amount of iodine generated is then determined by titration with a standard thiosulfate (S2O3-2) solution. The endpoint is determined by using starch as a visual indicator. The amount of oxygen can then be computed from the titer: one mole of O2 reacts with four moles of thiosulfate.

At the time of sampling, dissolved oxygen is fixed by the addition of Mn(II) under basic conditions, resulting in a brown precipitate, manganic hydroxide (MnO(OH)2). Prior to analysis, the sample is acidified to pH 1.0-2.5. This causes the precipitated hydroxides to dissolve, liberating Mn(III) ions. Mn(III) ions oxidize previously added iodide ions to iodine. Iodine forms a complex (I3-) with surplus iodide ions. Iodine and the complex exist in equilibrium; thus, I3- serves as a reservoir of I2. The iodine is then titrated with thiosulfate; iodine is reduced to iodide and the thiosulfate is oxidized to tetrathionate. The stoichiometric equations for the reactions described above are:

[image: image2.emf]

The thiosulfate solution is not stable and therefore must be standardized with a primary standard, typically potassium iodate (KIO3). Standardization is based on the co-proportionation reaction of iodide with iodate, thereby forming iodine. As described above, the iodine binds with excess iodide, and the complex is titrated with thiosulfate. One mole of iodate produces three moles iodine, which are consumed by six moles of thiosulfate. 
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The azide modification method for DO determination can be used if samples contain more than 50 mg/L nitrite nitrogen and not more than 1 mg/L ferrous iron or other reducing or oxidizing materials should be absent.
B.  APPARATUS AND MATERIALS
1.
Burette, graduated to 0.1 mL

2.
Burette stand

3.
300 mL glass stoppered BOD bottles

4.
500 mL wide‑mouthed Erlenmeyer flasks

5.
Pipettes with elongated tips and minimum volume of 1.0 mL (+/‑ 0.1 mL)

6.
Pipette bulb

7.
250 mL graduated cylinders

8.
Distilled water rinse bottle

C. REAGENTS

Alkali-iodide-azide reagent

Dissolve 50 g NaOH or 70 g KOH and 13.5 g Na( or 15 g KI in distilled water and dilute to 100 mL. To this solution add 1 g sodium azide, NaN3, dissolved in 4 mL distilled water.

Concentrated sulfuric acid (1:1)

Starch solution

Dissolve 2 g laboratory-grade soluble starch on a 0.2 g salicylic acid, as a preservative, in 100 mL hot distilled water.

Standard sodium thiosulfate titrant, 0.025 N

Dissolve 6.205g Na2S2O3.5H2O in freshly boiled and cooled distilled                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           water, add 1.5 mL 6 N NaOH or 0.4 g solid NaOH and dilute to 1000 mL. (1 mL 0.025 N thiosulfate is equivalent to 0.2 mg DO). Standardize against the standard potassium dichromate solution.
Standard potassium dichromate solution, 0.025 N

Dissolve 1.226 g K2Cr2O7 (Dried for 2 hr at 103ºC) in distilled water and dilute to 1000 mL.
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D. DETERMINATION OF DO:
Titrimetric Method: Alkali-azide modification of Winkler Method
· Take 300 mL glass BOD bottle and fill it with sample to be tested. Avoid any kind of  bubbling and trapping of air bubbles.
· Add 2 mL manganese sulphate (MnSO4) solution
· 2 mL alkali-iodide-azide reagent well below the surface of the liquid.
· Stopper carefully to exclude air bubbles and mix by inverting the bottle at least 15 times.
· If oxygen is present, a brownish-orange cloud of precipitate or floc will appear (b). But ıf oxygen is not present, white floc will appear (a).
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· When precipitate settles, leaving a clear supernatant above the Mn(OH)2 floc, shake again.                                                                                                                                                                                                                                                                                
· After at least 2 min settling has produced at least 100 mL of clear supernatant, carefully add 2 mL concentrated H2SO4 by allowing the acid to run down the neck of the bottle, restopper, and mix by inversion until dissolution is complete.
· Take 200 mL solution to a clean erlenmeyer flask, titrate with 0.0250 N standard sodium thiosulfate titrant to a pale straw color.
· Add 3-4 drops of starch indicator solution. Continue the titration to the disappearance of the blue color. Note the volume of titrant used.
[image: image6.png]



E. CALCULATIONS

Calculate the concentration of DO in the sample using the following formula:

mg/L DO = (mL titrant x normality of titrant x 8000) / equivalent volume of sample titrated

DETERMINATION OF BIOCHEMICAL OXYGEN DEMAND (BOD)
A. PURPOSE

To determine the BOD5 value that is used as a criterion for the biodegradable pollutants present in water and the resulting load on the oxygen balance of the same sample by using the dilution method.

B. THEORY

The biochemical oxygen demand (BOD) determination is an empirical test in which standardized laboratory procedures are used to determine the relative oxygen requirements of wastewaters, effluents, and polluted waters. The biochemical oxygen demand (BOD) is a measure of the amount of oxygen required by bacteria to oxidize waste aerobically to simple end-products such as carbon dioxide, water and ammonia. It is used for estimating the water pollution potential of a given amount of waste. The test has its widest application in measuring waste loadings to treatment plants and in evaluating the BOD-removal efficiency of such treatment systems. The test measures the molecular oxygen utilized during a specified incubation period for the biochemical degradation of organic material (carbonaceous demand) and the oxygen used to oxidize inorganic material such as sulfides and ferrous iron. It also may measure the amount of oxygen used to oxidize reduced forms of nitrogen (nitrogenous demand) unless their oxidation is prevented by an inhibitor. The seeding and dilution procedures provide an estimate of the BOD at pH 6.5 to 7.5.
The oxidation can be shown as:

Microorganisms + organic matter + O2 ( more microorganisms + CO2 + H2O +NH3
BOD5 determination is made by the addition of a known and sufficient quantity of elemental oxygen-saturated dilution water such that at the end of the contact time a residual amount of at least 0.5 mg/L oxygen is left. BOD5 determination requires the presence of bacterial flora capable of degrading the organic matter present in the sample.

Theoretically, an infinite time is required for complete biological oxidation but for practical purposes a period of 5 days is found satisfactory.

The rate of oxidation has been approximated by a first order equation:


y = L ( 1-e-kt (

y = BOD at any time


L= Total or ultimate BOD


k = First order rate constant


t = Time, days

There are two stages of decomposition in the BOD test: a carbonaceous stage and a nitrogenous stage. The carbonaceous stage, or first stage, represents that portion of oxygen demand involved in the conversion of organic carbon to carbon dioxide. The nitrogenous stage, or second stage, represents a combined carbonaceous plus nitrogeneous demand, when organic nitrogen, ammonia, and nitrite are converted to nitrate. Nitrogenous oxygen demand generally begins after about 6 days. For some sewage, especially discharge from wastewater treatment plants utilizing biological treatment processes, nitrification can occur in less than 5 days if ammonia, nitrite, and nitrifying bacteria are present. In this case, a chemical compound that prevents nitrification should be added to the sample if the intent is to measure only the carbonaceous demand. The results are reported as carbonaceous BOD (CBOD), or as CBOD5 when a nitrification inhibitor is used.
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Figure 1. Biochemical oxygen deman curves: A) Typical carbonaceous demand curve showing the oxidation of organic matter; B) Typical carbonaceous- plus nitrogeneous demand curve showing the oxidation of ammonia and nitrite


The test for Biochemical Oxygen Demand is especially important in waste water treatment, food manufacturing, and filtration facilities where the concentration of oxygen is crucial to the overall process and end products. High concentrations of dissolved oxygen (DO) predict that oxygen uptake by microorganisms is low along with the required break down of nutrient sources in the medium (sample). On the other hand, low DO readings signify high oxygen demand from microorganisms, and can lead to possible sources of contamination depending on the process. Performing the test for Biochemical Oxygen Demand requires a significant time commitment for preparation and analysis. The entire process requires five days, and it is not until the last day where data is collected and evaluated. During this time, samples are initially seeded with microorganisms and supplied with a carbon nutrient source of glucose-glutamic acid. The sample is then introduced to an environment suitable for bacterial growth at reproducible temperatures, nutrient sources, and light within a 20 °C incubator such that oxygen will be consumed. Quality controls, standards and dilutions are also run to test for accuracy and precision. Determination of the dissolved oxygen within the sample can be determined through oxygen meter. The difference in initial DO readings (prior to incubation) and final DO readings (after 5 days of incubation) predicts the BOD of the sample. A suitable detection limit is 1 mg/L. After five days of incubation, the samples are ready to be analysed. The samples are removed from the incubator and allowed to equilibrate to room temperature.

Once the meter is calibrated, the samples are read starting with the blanks and ending with the actual samples. The final DO of each solution is recorded and the initial and final readings will be used to calculate the BOD. The best results come about when the initial and final DO values for the blanks are similar indicating the absence of organisms and reliable equipment. The blank DO should normally be less than 0.2 mg/L.
A. APPARATUS AND MATERIALS

BOD Incubator
Oxygen meter

Phosphate buffer solution
Dissolve 0.850 g KH2PO4, 2.175 g K2HPO4, 3.340 g Na2HPO4.7H2O and 0.17 g NH4Cl in 50 mL distilled water and dilute to 100 mL. The pH should be 7.2 without further adjustment.
Magnesium sulfate solution
Dissolve 2.25 g MgSO4.7H2O in distilled water and dilute to 100 mL.
Calcium chloride solution

Dissolve 2.75 g anhydrous CaCl2 in distilled water and dilute to 100 mL.

Ferric chloride solution

Dissolve 0.25 g FeCl3.6H2O in distilled water and dilute to 100 mL. Take 10 mL from this solution dilute to 100 mL.

Sodium Sulfite solution

Prepare daily. Dissolve 1.575 g sodium sulfite up to one liter deionized water.

Nitrification inhibitor (2‑chloro‑6‑(trichloromethyl) pyridine)

C. PROCEDURE            
Princible: The method consists of filling with sample, to overflowing, an airtight bottle of the specified size and incubating it at the specified temperature for 5 d. Dissolved oxygen is measured initially and after incubation, and the BOD is computed from the difference between initial and final DO. Because the initial DO is determined shortly after the dilution is made, all oxygen uptake occurring after this measurement is included in the BOD measurement.
Sampling and storage: Samples for BOD analysis may de-grade significantly during storage between collection and analysis, resulting in low BOD values. Minimize reduction of BOD by analyzing sample promptly or by cooling it to near-freezing temperature during storage. However, even at low temperature, keep holding time to a minimum. Warm chilled samples to 20 ± 3°C before analysis.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

Preparation of Dilution Water
It is very important that the distilled water used for dilution water be of high grade and free from contaminants (such as organic matter, copper and chlorine) which could inhibit the growth of bacteria. And dilution water is prepared distilled water and saturated DO which contains buffer and inorganic nutrients
Prepare dilution water as follows:

1.
If necessary, aerate a bottle of distilled water long enough to allow the water to become saturated with dissolved oxygen (approximately 8 mg/L at room temperature).  This can be accomplished by aerating with clean compressed air.  If 5‑gallon water bottles are used, aerate for 24 hours with a small aquarium pump.

2.
If less than the entire bottle will be used in a single day, siphon into a separate container an amount slightly greater than will be needed for the sample dilutions.

3.
Add 1 mg/L each of phosphate buffer, magnesium sulfate solution, calcium chloride solution and ferric chloride solution.

4.
For those samples which require seeding, the analyst may add a sufficient volume of seed directly to the dilution water, or a small amount of seed directly to the sample dilutions. 

5.
If nitrification inhibition is used, store seeded dilution water at 20°C long enough for the dilution water depletion to meet the quality criteria (depletion of no more that 0.2 mg/L DO).  Storage is not recommended when nitrification inhibition is not going to be used because nitrifying bacteria can develop in the dilution water during storage.

6.
If nitrification inhibition is to be used, add enough nitrification inhibitor to the dilution water to produce a final concentration of 10 mg/L.  As an alternative, 3.33 mg of nitrification inhibitor can be added to each BOD bottle for inhibition.

Store the distilled water in cotton-plugged bottles long enough to become saturated with DO; use distilled water at 20±1ºC.
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              Add for 1 L of dilution water:

1 mL MgSO4 solution,


1 mL CaCl2 solution,


1 mL FeCl3 solution, and


1 mL phosphate buffer solution (on the day of use)
The seed solution must be set up some time before the BOD bottle are filled with water. Some types of sewage, such as settled sewage, soil culture and receiving water that have been heated to a high temperature contain too few bacteria to perform the test. Thus, the samples must be seeded with a population of microorganisms to produce an oxygen demand. Discussion of the seeding procedure is beyond the scope of this chapter. Most natural waters contain an adequate amount of microorganisms. 

Dilution method
This standard method is recognized by U.S. EPA, which is labeled Method 5210B in the Standard Methods for the Examination of Water and Wastewater. In order to obtain BOD5, dissolved oxygen (DO) concentrations in a sample must be measured before and after the incubation period, and appropriately adjusted by the sample corresponding dilution factor. This analysis is performed using 300 ml incubation bottles in which buffered dilution water is dosed with seed microorganisms and stored for 5 days in the dark room at 20 °C to prevent DO production via photosynthesis. In addition to the various dilutions of BOD samples, this procedure requires dilution water blanks, glucose glutamic acid (GGA) controls, and seed controls. The dilution water blank is used to confirm the quality of the dilution water that is used to dilute the other samples. This is necessary because impurities in the dilution water may cause significant alterations in the results. The GGA control is a standardized solution to determine the quality of the seed, where its recommended BOD5 concentration is 198 mg/l ± 30.5 mg/l. For measurement of carbonaceous BOD (cBOD), a nitrification inhibitor is added after the dilution water has been added to the sample. The inhibitor hinders the oxidation of ammonia nitrogen, which supplies the nitrogenous BOD (nBOD). When performing the BOD5 test, it is conventional practice to measure only cBOD because nitrogenous demand does not reflect the oxygen demand from organic matter. This is because nBOD is generated by the breakdown of proteins, whereas cBOD is produced by the breakdown of organic molecules.

BOD Test Procedure
If a sample is refrigerated prior to analysis, allow the sample to warm to 20°C before starting the test. A sample may be removed from an ice chest or refrigerator during transit to allow it to warm to 20°C before analysis begins. It is optimum to start the BOD5 analysis immediately after sample collection to minimize changes in bacterial concentration.  The maximum holding time of a sample to be analyzed for BOD is 24 hours.  The DO concentration after 5 days must be at least 1 mg/L and at least 2 mg/L lower in concentration than the initial DO. 
In the Standard BOD test a small sample of the wastewater to be tested is placed in a BOD bottle (volume=300 mL). The bottle is then filled with dilution water saturated in oxygen and containing the nutrients required for biological growth. To ensure that meaningful results are obtained, the sample must be suitably diluted with a specially prepared dilution water so that adequate nutrients and oxygen will be available during the incubation period. Normally, several dilutions are prepared to cover the complete range of possible values. The ranges of BOD that can be measured with various dilutions based on percentage mixtures and direct pipetting are reported in Table 1. Before the bottle is stoppered,  the oxygen concentration in the bottle is measured.
 After the bottle is incubated for 5 days at 20 °C, the dissolved oxygen concentration is measured again. The BOD of the sample is the difference in thee dissolved oxygen concentration values, expressed in milligrams per liter, divided by the decimal fraction of sample used. The computed BOD value is known as the 5-day, 20 °C biochemical oxygen demand. When testing waters with low concentrations of microorganisms, a seeded BOD test is conducted. The organisms contained in the effluent from primary sedimentation facilities are used commonly as the seed for the BOD test. Seed organisms can also be obtained commercially. When the sample contains a large population of microorganisms (e.g. untreated wastewater), seeding is not necessary.

 The standard incubation period is usually 5 days at 20 °C, but other length of time and temperatures can be used. Longer time periods (typically 7 days ), which correspond to work schedules, are often used, especially in small plants where the laboratory staff is not available on the weekends. The temperature, however, should be constant throughout the test. The 20 °C temperature used is an average value for slow-moving streams in temperate climates and is easily duplicated in an incubator. Different results would be obtained at different temperatures, because biological reaction rates are temperature-dependent. After incubation, the dissolved oxygen of the sample is measured 

Table 1. Sample volumes fort he 5-day biochemşcal oxygen demand 
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30-105 20 280
60-210 10 290
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F. CALCULATIONS

BOD5 is calculated by:
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where:
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 is the dissolved oxygen (DO) of the diluted solution after preparation (mg/l)
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 is the DO of the diluted solution after 5 day incubation (mg/l)
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 is the decimal dilution factor
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 is the DO of diluted seed sample after preparation (mg/l)

[image: image15.png]


 is the DO of diluted seed sample after 5 day incubation (mg/l)
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 is the ratio of seed volume in dilution solution to seed volume in BOD test on seed
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DETERMINATION OF CHEMICAL OXYGEN DEMAND (COD)
I- OPENED REFLUX, Titrimetric Method
A. PURPOSE

To determine the quantity of oxygen required to oxidize the organic matter in a waste sample, under specific conditions of oxidizing agent, temperature, and time.

B. THEORY

The chemical oxygen demand (COD) determination is a measure of the pollutional strength of a waste in terms of the total quantity of oxygen required for oxidation of organic compounds. The oxidation action of K2Cr2O7 in the presence of Ag2SO4 is effective enough to degrade all substances to CO2 and H2O. Both organic and inorganic components of a sample are subject to oxidation, but in most cases the organic component predominates and is of the greater interest. If it is desired to measure either organic or inorganic COD alone, additional steps not described here must be taken to distinguish one from the other. COD is a defined test; the extent of sample oxidation can be affected by digestion time, reagent strength, and sample COD concentration. COD often is used as a measurement of pollutants in wastewater and natural waters. Other related analytical values are biochemical oxygen demand (BOD), total organic carbon (TOC), and total oxygen demand (TOD). In many cases it is possible to correlate two or more of these values for a given sample. BOD is a measure of oxygen consumed by microorganisms under specific conditions; TOC is a measure of organic carbon in a sample; TOD is a measure of the amount of oxygen consumed by all elements in a sample when complete (total) oxidation is achieved.
Most types of organic matter are destroyed by a boiling mixture of chromic and sulfuric acids. The principle of this method is that a sample is refluxed with known amounts of K2Cr2O7 and H2SO4 and the excess dichromate is back titrated with ferrous ammonium sulfate using ferroin indicator. The amount of oxidizable organic matter is proportional to the amount of potassium dichromate consumed. The reactions involved may be represented as follows:

CnHaOb + cCr2O72- + 8cH+ ( nCO2 + (a+8c)/2 H2O + 2cCr3+

     c = (2/3)n + a/6 - b/3

     6/ Fe2+ ( Fe3+ + e-
Cr2O72- + 14H+ + 6e- ( 2Cr3+ + 7H2O

6Fe2+ + Cr2O72- + 14H+ ( 6Fe3+ + 2Cr3+ + 7H2O
Interference:

-If chloride ion is present in wastewaters, high result in COD test is expected due to oxidation of chloride itself. This can be eliminated by addition of mercuric sulfate before refluxing.
6Cl- + Cr2O72- + 14H+ ( 3Cl2 + 2Cr3+ + 7H2O

-Volatile materials may be lost when the sample temperature rises during the sulfuric acid addition step. To minimize this lost the flask should be cooled during addition of the sulfuric acid solution.

-Trace of organic material either from the glassware or atmosphere may cause a gross positive error.

-Some types of aromatic organic compounds are not oxidized in the COD test, even with Ag+. When aromatics are present the measured COD is lower than the true value.

Application:

This method can be applied to domestic and industrial waste samples having an organic carbon concentration greater than 50 mg/L.

C. APPARATUS AND MATERIALS

· Reflux apparatus, burette 25 mL
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· Heater
· Titration apparatus

D. REAGENTS

1- Standard potassium dichromate solution:

Dissolve 12.259 g K2Cr2O7, primary standard grade (previously dried at 103ºC for 2 hr) in distilled water and dilute to 1000 mL.

2- Sulfuric acid reagent:

Add Ag2SO4, reagent or technical grade, crystals or powder, to conc. H2SO4 at the rate of 5.5 g Ag2SO4/kg H2SO4. Let stand 1 to 2 days to dissolve Ag2SO4.

3- Standard ferrous ammonium sulfate titrant:

Dissolve 98 g Fe(NH4)2(SO4)2.6H2O in distilled water, add 20 mL conc. H2SO4, cool and dilute to 1000 mL. 
Standardize daily against the standard K2Cr2O7 solution as follows:

Dilute 25 mL standard K2Cr2O7 solution to about 100 mL. Add 30 mL conc. H2SO4 and cool.

Titrate with ferrous ammonium sulfate titrant using 2-3 drops ferroin indicator.



4- Ferroin indicator solution:

Dissolve 1,485 g 1,10-phenanthroline monohydrate together with 695 mg FeSO4·7H2O in water and dilute to 100 mL.

5- Mercuric sulfate (HgSO4), powder
6-Potassium hydrogen phthalate (KHP) standard: Lightly crush and then dry KHP (HOOCC6H4COOK) to constant weight at 120oC. Dissolve 425 mg in distilled water and dilute to 1000 mL. This solution has a theoretical COD of 500 μg O2/mL. This solution is stable when refrigerated for up to 3 months in the absence of visible biological growth.

Theory of Titration
The  COD  analysis,  by  the  dichromate  method,  is  more  commonly  used  to  control  Continuously monitor wastewater treatment systems, The COD of an effluent is usually higher than the BOD5 since the number of compounds that can be chemically oxidized is greater than those that can be degraded biologically, It is also common to make a correlation of BOD5 versus COD and then use the analysis of COD as a rapid means of estimating the BOD5 of a wastewater. This may be convenient since only about three hours are needed for a COD determination while a BOD5 takes at least 5 days. However, this procedure can be used only for specific situations where there is low variability in the composition of a wastewater, and the results of a system cannot be used reliably in other cases.

The method of COD which uses dichromate as oxidant is carried out by heating under total reflux a wastewater sample of known volume in an excess of potassium dichromate (K2Cr2O7) in presence of sulphuric Acid (H2SO4) for a fixed period (usually two hours) in presence of silver sulphate (Ag2SO4) as catalyst. The organic matter present is oxidized and, as a result, the dichromate ion (orange colour) is consumed and replaced by the chromic ion (green colour):
Cr2O7-2 + 14H+ + 6e-  ↔  2Cr3+ + 7H2O
The COD is calculated by titrating the excess of dichromate or by spectrophotometrically measuring the Cr+3 ions at 606 nm. Another possibility is to measure the excess dichromate spectrophotometrically at 440 nm. Titration requires more work but is considered more precise.

The presence of silver sulphate as catalyst is needed for complete oxidation of aliphatic carbon compounds. The standard method implies cooling of the sample after the two hour digestion period, adding a few drops of indicator (ferroin) solution and titrating the excess dichromate with a solution of ferrous ammonium sulphate of known concentration, until the colour changes from brilliant green to reddish brown. The titration reaction corresponds to the oxidation of the ferrous ammonium sulphate by the dichromate:
Cr2O7-2 + 14H+ + 6Fe+2  ↔ 2Cr3+ + 6Fe+3 + 7H2O
The change in colour corresponds to the formation of the complex ferrous ion phenanthroline which occurs when all the dichromate ion has been reduced to Cr3+.

(Fe(C12H8N2)3)3+ + e      ↔     (Fe(C12H8N2)3)2+
Ferric Phenanthroline           Ferrous Phenanthrolin
(Green Blue)                             (Reddish Brown)

Interferences
A common interference factor in the COD test is the presence of chlorides. If seawater is used at some point in the processing or salt brines are used for some “curing” operations, chlorides will most probably appear in the wastewater causing interference while they are oxidized by the dichromate:

Cl- + Cr2O72- + 14H+ ↔  3Cl2 + 2Cr3+ + 7H2O
This interference causes erroneously high values of COD which can be prevented by the addition of mercuric sulphate (HgSO4) which reacts to form mercuric chloride and precipitates:
Hg2+ + 2Cl- ↔ HgCl2
E. PROCEDURE
· Prepare reflux apparatus, follow the order of reagents:

	Sample volume (mL)
	0,25 N K2Cr2O7 solution (mL)
	      H2SO4
reagent volume (mL)
	HgSO4
g/ flask
	Fe(NH4)2(SO4)2

titrant, N
	Sample volume before titration (mL)

	10
	5
	10
	0.2
	0.05
	70

	20
	10
	30
	0.4
	0.1
	140

	30
	15
	45
	0.6
	0.15
	210

	40
	20
	60
	0.8
	0.2
	280

	50
	25
	75
	1
	0.25
	350


· Add 0.2 g HgSO4.

· Add 5.0 mL 0.25 N K2Cr2O7 solution, mix.

· Attach the flask to the condenser start the cooling water.

· Add the remaining H2SO4 (10 mL) through the open end of the condenser, continue swirling and mixing while the acid is being added, mix thoroughly.

· Reflux for 2 hr. Turn off heat and cool down the flask to room temperature.

· Wash condenser with about 45 mL distilled water.

· Titrate with standard ferrous ammonium sulfate (0.05 N) using 2-3 drops ferroin indicator to the from blue-green to reddish brown end point.
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F. CALCULATIONS

COD results are reported in terms of milligrams of oxygen.






 (V1 - V2) x N x A x 1000
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        COD (mg/L) =            

                                                           mL sample
V1= mL Fe(NH4)2(SO4)2 used for blank
V2= mL Fe(NH4)2 SO4)2 used for sample
N= Normality of the Fe(NH4)2(SO4)2 solution
A= Equivalent weight of oxygen
Compare BOD and COD

Chemical oxygen demand (COD) is a measure of the capacity of water to consume oxygen during the decomposition of organic matter and the oxidation of inorganic chemicals such as ammonia and nitrite. COD measurements are commonly made on samples of waste waters or of natural waters contaminated by domestic or industrial wastes. Chemical oxygen demand is measured as a standardized laboratory assay in which a closed water sample is incubated with a strong chemical oxidant under specific conditions of temperature and for a particular period of time. A commonly used oxidant in COD assays is potassium dichromate (K2Cr2O7) which is used in combination with boiling sulfuric acid (H2SO4). Because this chemical oxidant is not specific to oxygen-consuming chemicals that are organic or inorganic, both of these sources of oxygen demand are measured in a COD assay.

Chemical oxygen demand is related to biochemical oxygen demand (BOD), another standard test for assaying the oxygen-demanding strength of waste waters. However, biochemical oxygen demand only measures the amount of oxygen consumed by microbial oxidation and is most relevant to waters rich in organic matter. It is important to understand that COD and BOD do not necessarily measure the same types of oxygen consumption. For example, COD does not measure the oxygen-consuming potential associated with certain dissolved organic compounds such as acetate. However, acetate can be metabolized by microorganisms and would therefore be detected in an assay of BOD. In contrast, the oxygen-consuming potential of cellulose is not measured during a short-term BOD assay, but it is measured during a COD test.

Why COD values are always higher then BOD values?
Biochemical oxygen demand (BOD) is a measure of the amount of oxygen that bacteria will consume while decomposing organic matter under aerobic conditions or biochemical oxygen demand only measures the amount of oxygen consumed by microbial oxidation and is most relevant to waters rich in organic matter Whereas Chemical oxygen demand (COD) does not differentiate between biologically available and inert organic matter, and it is a measure of the total quantity of oxygen required to oxidize all organic material into carbon dioxide and water. COD values are always greater than BOD values, but COD measurements can be made in a few hours while BOD measurements take five days.

A COD test measures all organic carbon with the exception of certain aromatics (benzene, toluene, phenol, etc.) which are not completely oxidized in the reaction. COD is a chemically chelated/thermal oxidation reaction, and therefore, other reduced substances such as sulfides, sulfites, and ferrous iron will also be oxidized and reported as COD. Moreover COD measures some additional organic matter such as cellulose, whereas BOD or Biological Oxygen Demand is supposed to measure the amount of food (or organic carbons) that bacteria can oxidize. So COD values are always higher than the BOD values.

Write the applications of COD data to environmental Engineering?    
COD test is a measure of the relative oxygen-depletion effect of a waste contaminant. It has been widely adopted as a measure of pollution effect. To determine the amount of pollution in a water stream to try to control and limit the amount of chemicals that can pollute the lakes and rivers if left in a final effluent or discharge stream. Some Municipalities want to measure the amount of chemicals in the incoming stream in order to asses surcharges as a way of measuring how much additional treatment their plant will have to do in order to get the incoming water clean. It is used in Process Control in Influent/effluent for removal efficiencies.

COD is extensively used in analysis of industrial waste. It is particularly valuable in surveys designed to determine the losses of sewage. Results are obtained within short time and control measures can be taken on the same day. It is very useful in finding out the toxic condition and presence of biologically resistant organic substance.Chemical oxygen demand is a vital test for assessing the quality of effluents and waste waters prior to discharge. The Chemical Oxygen Demand (COD) test predicts the oxygen requirement of the effluent and is used for monitoring and control of discharges, and for assessing treatment plant performance. The impact of an effluent or waste water discharge on the receiving water is predicted by its oxygen demand. This is because the removal of oxygen from the natural water reduces its ability to sustain aquatic life. The COD test is therefore performed as routine in laboratories of water utilities and industrial companies.

DETERMINATION OF PHOSPHOROUS 
 A. PURPOSE

 To determine phosphorous in water and wastewater by using nitric acid method.

B. THEORY


Phosphorus occurs in natural waters and in wastewaters almost solely as phosphates. These are classified as orthophosphates, condensed phosphates (pyro-, meta-, and other polyphosphates), and organically bound phosphates. They occur in solution, in particles or detritus, or in the bodies of aquatic organisms. These forms of phosphate arise from a variety of sources. Small amounts of orthophosphate or certain condensed phosphates are added to some water supplies during treatment. Larger quantities of the same compounds may be added when the water is used for laundering or other cleaning, because these materials are major constituents of many commercial cleaning preparations. Phosphates are used extensively in the treatment of boiler waters. Orthophosphates applied to agricultural or residential cultivated land as fertilizers are carried into surface waters with storm runoff and to a lesser extent with melting snow. Organic phosphates are formed primarily by biological processes. They are contributed to sewage by body wastes and food residues, and also may be formed from orthophosphates in biological treatment processes or by receiving water biota. Phosphorus is essential to the growth of organisms and can be the nutrient that limits the primary productivity of a body of water. In instances where phosphate is a growth-limiting nutrient, the discharge of raw or treated wastewater, agricultural drainage, or certain industrial wastes to that water may stimulate the growth of photosynthetic aquatic micro- and macroorganisms in nuisance quantities. Phosphates also occur in bottom sediments and in biological sludges, both as precipitated inorganic forms and incorporated into organic compounds.
 Phosphorous compounds of wide variety are very important in environmental engineering practice. Inorganic compounds of phosphorous are the phosphate or their molecularly dehydrated forms usually referred to as polyphosphates or condensed phosphate. Organically bound phosphorus is not very important. Polyphosphates are used in some public water supplies as a means of controlling corrosion.

 Since all surface water supplies support growth of minute aquatic organisms such as algae, nitrogen and phosphorous are both essential. The critical level of inorganic phosphorus for algal bloom is 0.005 mg/L under summer growing conditions.

 Domestic wastewater is relatively rich in phosphorous compounds that are contributed by human wastes as a result of the metabolic breakdown of proteins and elimination of the liberated phosphates in the urine.

 Most heavy duty synthetic detergent formulations contain large amounts of polyphosphates as “builders”.

 Orthophosphates (H2PO4-, HPO42-, PO43-) can be measured quantitatively by gravimetric, volumetric or colorimetric methods. Three colorimetric methods are used. They are essentially the same in principle but differ in the nature of the agent added for final color development. Phosphate ion combines with ammonium molybdate under acid conditions to form a complex compound.

PO43- + 12 (NH4) 2MoO4 + 24 H+ - -> (NH4) 3.PO4.12 MoO3 + 21 NH4++12 H2O

ammonium phosphomolybdate

The Mo contained in ammonium phosphomolybdate is reduced by ascorbic acid to produce a blue-colored solution. The colored compound is referred to as heteropoly blue. The amount produced is proportional to the amount of phosphate present and can be measured colorimetrically.

C. APPARATUS AND MATERIAL

1. Spectrophotometer (wavelength 690 nm), Hach Model with calibrated meter scale.
2. 1 cm quartz cuvette 
3. 200 ml erlenmayer 
4. Hot plate
D. REAGENTS
1.  Acid solution:

Add 300 mL conc. H2SO4 with distilled water to 600 mL and after cooling, 4 mL conc. HNO3 dilute to 1000 mL. 
2. Phenolphthalein indicator solution: 5 gr fenolftalein disodyum tuzu (C20H12O4Na2) 100 ml etil alkol içerisinde çözülür
3.  Ammonium molybdate solution:
Dissolve 20 g (NH4)6Mo7O24.4H2O in 500 mL distilled water and Store in plastic bottle at 4 ºC.
4.  Tin(II) chloride (SnCl2) solution: 
Dissolve 2.5 gr SnCl2.2H2O in 100 mL gliserin to mix on the heating water bath 

5.  Stock phosphate solution:

Dissolve in distilled water 219.5 mg anhydrous KH2PO4 and dilute to 1000 mL; 1.00 mL= 50.0 g PO43- -P

 E. PROCEDURE
- Pipet 100 mL sample into a clean dry test tube or 250 mL Erlenmeyer flask.

- Add 1 drop of phenolphthalein indicator.

- If a red color develops, add acid solution just to discharge the color.

- Add 4.0 mL Ammonium molybdate solution and 10 mL SnCl2 solution combined reagent and mix.

- After at least 10 min but no longer than 30 min, measure the absorbance of each sample at 690 nm.

- Prepare a calibration curve from a series of five standard solutions.

F. DETERMINATION OF PHOSPHATE CALIBRATION CURVE

A calibration curve is a method used in analytical chemistry to determine the concentration of an unknown sample solution. It is a graph generated by experimental means, with the concentration of solution plotted on the x-axis and the observable variable — for example, the solution’s absorbance- plotted on the y-axis. The curve is constructed by measuring the concentration and absorbance of several prepared solutions, called calibration standards. Since the phosphate concentration is measured as a function of absorbance, a standard curve of absorbance versus known phosphate concentrations must be prepared. 
Add 4 mL Ammonium molybdate solution and 2 mL SnCl2 solution, mix and after 10 min measure the absorbance of each sample at 690 nm.
	Sample No
	mL of Stoc Solutions in 100 mL
	Sample Concentration
	Absorbance ((=  nm)

	Pure Water
	-
	0 mg/L
	-

	1
	16 mL Standard Phosphate solution
	8 mg/L
	

	2
	8 mL Standard Phosphate solution
	4 mg/L
	

	3
	4 mL Standard Phosphate solution
	2 mg/L
	

	4
	2 mL Standard Phosphate solution
	1 mg/L
	

	5
	1 mL Standard Phosphate solution
	0,5 mg/L
	


G. CALCULATION
mg/L PO4-P= mg P x 1000 / mL sample

DETERMINATION OF IRON

A. PURPOSE

To determine the iron concentration in water samples using phenanthroline method.

B. THEORY

Iron in water may be in true solution, in a colloidal state that may be peptized by organic matter, in the inorganic or organic iron complexes, or in relatively coarse suspended particles. It may be either ferrous or ferric, suspended or filterable.

On exposing to air or addition of oxidants, ferrous iron is oxidized to ferric state. Under reducing conditions, iron exists in the ferrous state. In the absence of complex forming ions ferric iron is not soluble unless the pH of the water is very low. For natural and treated waters, the 1,10-phenanthroline method can simply be used. Since the reagent 1,10-phenanthroline is specific for measuring Fe2+, all the iron in the form of Fe3+ must be reduced to the ferrous state. This is most readily accomplished by using hydroxylamine as the reducing agent. The reaction involved may be represented as follows:

4Fe3+ + 2NH2OH ( 4 Fe2+ + N2O + H2O + 4H+
Three molecules of 1,10 phenanthroline is required to chelate or from a complex ion with each Fe2+ ion. The reaction may be represented as shown in the equation.

Strong oxidizing agents, cyanide, nitrite, phosphates, chromium, zinc, cobalt, nickel can be accepted as interfering substances; bismuth, cadmium, molybdate and silver precipitate phenanthroline. In the former case addition of excess hydroxylamine can eliminate errors and in the latter case excess of phenanthroline is required or the extraction method may be used. The method can be used to determine the iron concentrations between 0.02–4.0 mg/L directly and higher concentrations can be determined by dilution. The minimum detectable quantity is 50 µg at 510 nm with a 1 cm cell.

C. APPARATUS AND MATERIALS

1- Spectrophotometer
2- Acid washed glassware: All glassware should be washed with conc. HCl and rinsed with distilled water before use.
D. REAGENTS
1- Hydrochloric acid: HCl (conc.)
2- Hydroxylamine solution:

Dissolve 10 g NH2OH·HCl in 100 mL distilled water.

3- Ammonium acetate buffer solution:

Dissolve 62.5 g NH4C2H3O2 in 37.5 mL distilled water. Add 175 mL conc. (glacial) acetic acid.

4- Sodium acetate solution:

Dissolve 20 g NaC2H3O2·3H2O in 80 mL distilled water

5- Phenanthroline solution:

Dissolve 100 mg 1,10-phenanthroline monohydrate C12H8N2.H2O in 100 mL distilled water by stirring and heating to 800C (do not boil) or add 2 drops of conc. HCl.

6- Stock iron solution:

Add slowly 20 mL conc. H2SO4 to 50 mL distilled water and dissolve 1.404 g Fe(NH4)2(SO4)2·6H2O. Add 0.1 N KMnO4 dropwise until a faint pink color persists. Dilute to 1000 mL with distilled water. 1.00 mL=200 μg Fe

7- Standard iron solution:

Dilute 50.00 mL stock solution to 1000 mL with distilled water.

1.00 mL=10.0 μg Fe

E. PROCEDURE

1- Preparation of calibration curve, range 0-100 μg Fe/100 mL final solution:

1. Pipet 2.0; 4.0; 6.0; 8.0; 10.0 mL standard iron solution into 100 mL volumetric flasks.

2. To each flask add: 

- 1.0 mL NH2OH.HCl solution,

- 10.0 mL sodium acetate solution, 

- 10.0 mL phenanthroline solution.

3. Dilute to volume (100 mL) with distilled water. Mix thoroughly and let stand for 10 min.

4. Prepare a reference blank by treating distilled water as above except standard iron solution.

5. Measure the absorbance of each solution at λ=510 nm against reference blank in 1.0 cm cell.

6. Prepare a calibration curve for absorbance against milligrams of iron.

2- Determination of iron concentration of unknown sample by absorbance measurement:

· Mix the sample thoroughly,

· Measure 50.0 mL in 125 mL Erlenmeyer flask,

· Add 2 mL conc. HCl and 1 mL hydroxylamine solution.

· Add a few glass beads and heat to boiling until the volume is reduced to 15-20 mL. Cool to room temperature. Transfer to 100 mL volumetric flask.

· Add 10 mL ammonium acetate buffer solution and 4 mL phenanthroline solution

· Dilute to volume (100 mL) with distilled water. Mix thoroughly and let stand for 10 min for max. color development

· Measure the absorbance of sample at 510 nm against reference blank in 1cm cell.

· Determine mg Fe in sample used from the calibration curve.
F. CALCULATIONS:

mg Fe/L =  
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FLOWCHART OF THE EXPERIMENT

Experimental Data of Calibration Curve for Iron Determination

	mL of Standard Solutions in 100 mL
	Absorbance ((= 510 nm)
	Concentration

	2 mL Standard Iron solution


	
	

	4 mL Standard Iron solution


	
	

	6 mL Standard Iron solution


	
	

	8 mL Standard Iron solution


	
	

	10 mL Standard Iron solution


	
	

	SAMPLE
	
	


DETERMINATION OF SULPHATE 

A. PURPOSE


To determine the amount of sulphate in an unknown sulfate sample using gravimetric method.

B. THEORY


Gravimetric includes all analytical methods in which the analytical signal is a measurement of mass or change in mass. There are four types of gravimetric method: o Precipitation gravimetry o Electrogravimetry o Volatilization gravimetry o Particular gravimetry In precipitation gravimetry an insoluble compound forms when we add a precipitating reagent or precipitant to a solution containing the analyte. In most methods the precipitate is the product of a simple metathesis reaction between the analyte and precipitant, however, any reaction generating a precipitate can potentially serve as gravimetric method. All precipitation gravimetric analysis share two attributes. Firstly, the precipitate must be of low solubility, of high purity and of known composition if its mass is to accurately reflect the analyte`s mass. Secondly, the precipitate must be separate from the reaction mixture. To provide accurate result, solubility must minimal. Sulphate is widely distributed in nature and may be present in natural water in concentration ranging from a few to several thousand milligram/liter. Sulphates are of considerable concern because they are indirectly responsible for two serious problems often associated with the handling and treatment of water. Odour and sewer corrosion problem result from the reduction of sulphate hydrogen sulphide under anaerobic conditions. Sulphate can be determined by 
· Gravimetric method of with ignition of residue

· Gravimetric method with drying of residue

· Turbidimetric method
Gravimetric method with ignition of residue Sulphate is precipitated in hydrochloric acid medium as barium sulphate by the addition of barium chloride. The precipitation is carried out near the boiling point temperature and after a period of digestion, the precipitate is filtered, washed with water until free of chloride, ignited weighed barium sulphate.
Gravimetric method with drying of residue If organic matter is not present in the sample first method can be done without igniting and instead drying the residue and weighing. 

Turbidimetric method Turbidimetric method is method of measuring sulphate is based upon the fact that barium sulphate tends to precipitate in a colloidal form and that this tendency is enchance in presence of sodium chloride – hydrochloric acid solution containing glycerol and other organic compounds. The absorbance of barium sulphate solution is measured by nephelometer or turbidmeter and the sulphate ion concentration determined by the comparison of the reading with a standard curve.

Sulfate is quite common in nature and may be present in natural water in concentrations ranging from a few to several thousand milligrams/liter. Sulfates are of considerable concern because they are indirectly responsible for two serious problems associated with the handling and treatment of wastewater. Odor and sewer corrosion problems result from the reduction of sulfates to hydrogen sulfide under anaerobic conditions. In an aqueous solution, sulfate ion undergoes the following reaction with barium: 

Ba 2+ (aq) + SO42− (aq) ← → BaSO4 

Barium sulfate which forms as a crystalline precipitate, is collected on a suitable filter, washed with water, then ignited and weighed. From the mass of BaSO4, the amount of sulfate present in the original sample is calculated.
C. APPARATUS AND MATERIALS

1 400ml beaker

2 10ml and 200ml measuring cylinder

3 Stirring rod

4 Heating plate

5 Desicator

6 Analytical balance

7 Ashless Filter paper

8 Vacuum pump compressor
D. REAGENTS
· 1+1 HCl

· BaCL2
· 0.1M HNO3
· AgNO3
· Sample (water)

PROCEDURE 

1. Measure and record the mass of a clean, dry 250 mL beaker using the analytical balance to the nearest 0.0001 g. Add between 0.30 g and 0.35 g of your unknown sample to the 250 mL beaker and record the mass of the beaker plus sample to the nearest 0.0001 g. 

2. Add 50 mL of distilled water to the sample in the beaker. Next add 20 drops of 6 M HCl to the beaker. Stir the contents of the beaker until the sample has entirely dissolved. Leave the stirring rod in the beaker. 
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3. Measure 25 mL of 0.1 M BaCl2 solution in a graduated cylinder. The graduated cylinder should be clean and rinsed with distilled water but does not need to be dry. 

4. Heat the solution containing the sample in the 250 mL beaker until it is nearly (but not quite) boiling. Turn the burner off and slowly pour small portions of the BaCl2solution into the 250 mL beaker containing the sample. This step should take at least 3 minutes otherwise the BaCl2 is being added to rapidly. Stir the contents of the beaker as you add the BaCl2 solution. You should observe the formation of the white BaSO4 precipitate. Rinse any precipitate that remains on the stirring rod into the solution with a small amount of distilled water and allow the precipitate to settle in the beaker for about 20 minutes. 

5. While the precipitate settles prepare your crucible by heating it (with the cover on) in the hottest part of the Bunsen burner flame for about 2 minutes. After the crucible has cooled to room temperature, record the mass of the crucible and the cover to the nearest 0.0001g using the analytical balance. 

6. Obtain a piece of ashless filter paper and fold it into quarters. Open the folded paper into a cone, place it into a funnel and wet the filter paper with distilled water so that it adheres to the funnel. Place a 500 mL Erlenmeyer flask under the funnel to collect the filtrate.

[image: image22.png]



7. After 20 minutes has passed slowly pour the mixture containing the BaSO4 precipitate down your stirring rod into the funnel. Be careful that the level of liquid in the funnel is never more than three-fourths of the way to the top of the filter paper. When the transfer is complete use your wash bottle (filled with distilled water) to rinse the residual precipitate from the beaker and the stirring rod into the funnel. 

8.  After all the liquid has drained from the funnel very carefully press the top edges of the filter paper together, and fold the filter paper into a compact package that will fit into the crucible. 

9.  Combuste in 800 °C muffle furnace at 1 hour. When the filter paper is entirely combusted only the white BaSO4 should remain in the crucible. The crucible should be heated vigorously until there is no charred filter paper remaining. 

10. Cool in a desicattor crucible. When the crucible has cooled to room temperature, record the mass of the crucible, the cover and its contents to the nearest 0.0001g on the analytical balance. 

11. Discard the BaSO4 in the proper waste container

CALCULATION

mg SO4/L = 
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DETERMINATION OF TOTAL NITROGEN

In waters and wastewaters the forms of nitrogen of greatest interest are, in order of decreasing oxidation state, nitrate, nitrite, ammonia, and organic nitrogen. All these forms of nitrogen, as well as nitrogen gas (N2), are biochemically interconvertible and are components of the nitrogen cycle. Organic nitrogen is defined functionally as organically bound nitrogen in the trinegative oxidation state. It does not include all organic nitrogen compounds. Analytically, organic nitrogen and ammonia can be determined together and have been referred to as "kjeldahl nitrogen," a term that reflects the technique used in their determination. Organic nitrogen includes such natural materials as proteins and peptides, nucleic acids and urea, and numerous synthetic organic materials. Typical organic nitrogen con centrations vary from a few hundred micrograms per liter in some lakes to more than 20 mg/L in raw sewage. Total oxidized nitrogen is the sum of nitrate and nitrite nitrogen. Nitrate generally occurs in trace quantities in surface water but may attain high levels in some groundwater. In excessive amounts, it contributes to the illness known as methemoglobinemia in infants. A limit of 10 mg nitrate as nitrogen/L has been imposed on drinking water to prevent this disorder. Nitrate is found only in small amounts in fresh domestic wastewater but in the effluent of nitrifying biological treatment plants nitrate may be found in concentrations of up to 30 mg nitrate as nitrogen/ L. It is an essential nutrient for many photosynthetic autotrophs and in some cases has been identified as the growth-limiting nutrient.

Nitrite is an intermediate oxidation state of nitrogen, both in the oxidation of ammonia to nitrate and in the reduction of nitrate. Such oxidation and reduction may occur in wastewater treatment plants, water distribution systems, and natural waters. Nitrite can enter a water supply system through its use as a corrosion inhibitor in industrial process water. Nitrite is the actual etiologic agent of methemoglobinemia. Nitrous acid, which is formed from nitrite in acidic solution, can react with secondary amines (RR'NH) to form nitrosamines (RR'N-NO), many of which are known to be carcinogens. The toxicologic significance of nitrosation reactions in vivo and in the natural environment is the subject of much current concern and research.

Ammonia is present naturally in surface and wastewaters. Its concentration generally is low in groundwaters because it adsorbs to soil particles and clays and is not leached readily from soils. It is produced largely by deamination of organic nitrogen-containing compounds and by hydrolysis of urea. At some water treatment plants ammonia is added to react with chlorine to form a combined chlorine residual. Ammonia concentrations encountered in water vary from less than 10 |xg ammonia nitrogen/L in some natural surface and groundwaters to more than 30 mg/L in some wastewaters. In this manual, organic nitrogen is referred to and reported as organic N, nitrate nitrogen as NO3-N, nitrite nitrogen as NO2-N, and ammonia nitrogen as NH3-N. Total nitrogen can be determined through oxidative digestion of all digestible nitrogen forms to nitrate, followed by quantitation of the nitrate. Two procedures, one using a persulfate/UV digestion, and the other using persulfate digestion are presented. The procedures give good results for total nitrogen, composed of organic nitrogen (including some aromatic nitrogen-containing compounds), ammonia, nitrite, and nitrate. Molecular nitrogen is not determined and recovery of some industrial nitrogen-containing compounds is low. Chloride ions do not interfere with persulfate oxidation, but the rate of reduction of nitrate to nitrite (during subsequent nitrate analysis by cadmium reduction) is significantly decreased by chlorides. Ammonium and nitrate ions adsorbed on suspended pure clay or silt particles should give a quantitative yield from persulfate digestion. If suspended matter remains after digestion, remove it before the reduction step. If suspended organic matter is dissolved by the persulfate digestion reagent, yields comparable to those from true solutions are obtained; if it is not dissolved, the results are unreliable and probably reflect a negative interference. The persulfate method is not effective in wastes with high organic loadings. Dilute such samples and re-analyze until results from two dilutions agree.

DETERMINATION OF NITRATE

a. Principle: Use this technique only for screening samples that have low organic matter contents, i.e., uncontaminated natural waters and potable water supplies. The NO3 calibration curve follows Beer's law up to 11 mg N/L. Measurement of UV absorption at 220 nm enables rapid determination of NO3. Because dissolved organic matter also may absorb at 220 nm and NO3 does not absorb at 275 nm, a second measurement made at 275 nm may be used to correct the NO3 value. The extent of this empirical correction is related to the nature and concentration of organic matter and may vary from one water to another. Consequently, this method is not recommended if a significant correction for organic matter absorbance is required, although it may be useful in monitoring NO3 levels within a water body with a constant type of organic matter. Correction factors for organic matter absorbance can be established by the method of additions in combination with analysis of the original NO3 content by another method. Sample filtration is intended to remove possible interference from suspended particles. Acidification with 1 N HC1 is designed to prevent interference from hydroxide or carbonate concentrations up to 1000 mg CaCO3/L. Chloride has no effect on the determination.

b. Interference: Dissolved organic matter, surfactants, NO2, and Cr6+ interfere. Various inorganic ions not normally found in natural water, such as chlorite and chlorate, may interfere. Inorganic substances can be compensated for by independent analysis of their concentrations and preparation of individual correction curves.

REAGENTS

Determination of nitrate (NO3) is difficult because of the relatively complex procedures required, the high probability that interfering constituents will be present, and the limited concentration ranges of the various techniques. An ultraviolet (UV) technique that measures the absorbance of NO3 at 220 nm is suitable for screening uncontaminated water (low in organic matter).

· Nitrate Standard Solution: Dissolving 0.722g of KNO3 in distilled water and diluting this to 1L made the original nitrate Standard (100 mg/L).  Prior to dissolving the potassium nitrate, the compound was dried in an oven for 1h at 110ºC. The nitrate standard contained 100ug of NO3-N per mL of the standard solution.  When preparing the set of standards that were to be run on the cadmium reduction column, the nitrate standard was diluted by a factor of 100 to obtain a nitrate concentration that would be within the expected range.  

· 1 M HC1 solution
APPARATUS AND MATERIALS

Spectrophotometer, for use at 220 nm and 275 nm with matched silica cells of 1-cm or longer light path.

PROCEDURE

a. Treatment of sample: To 50 mL sample, filtered if necessary, add 1 mL 1 M HC1 solution and mix thoroughly.

b. Spectrophotometric measurement: Read absorbance or transmittance against redistilled water set at zero absorbance or 100% transmittance. Use a wavelength of 220 nm to obtain NO3 reading and a wavelength of 275 nm to determine interference due to dissolved organic matter.

Calculation

For samples and standards, subtract two times the absorbance reading at 275 nm from the reading at 220 nm to obtain absorbance due to NO3. Construct a standard curve by plotting absorbance due to NO3 against NO3-N concentration of standard. Using corrected sample absorbances, obtain sample concentrations directly from standard curve. 

NOTE: If correction value is more than 10% of the reading at 220 nm, do not use this method.

DETERMINATION OF NITRITE 

Stock nitrite solution: Dissolve 6.072 g NaNO2 in 500 mL of reagent water and 2 dilute to 1 L in a volumetric flask. Preserve with 2 mL of chloroform and keep under refrigeration. 1.0 mL = 1.0 mg NO -N.

Standard nitrite solution: Dilute 10 mL of stock nitrite solution to 1000 mL. 1.0 mL = 0.01 mg NO -N. Solution is unstable; prepare as 2 required.

Color Reagent: To approximately 800 mL of reagent water, add, while stirring, 100 mL conc. phosphoric acid, 40 g sulfanilamide and 2 g N-1-naphthylethylenediamine dihydrochloride. Stir until dissolved and dilute to 1 L. Store in brown bottle and keep in the dark when not in use. This solution is stable for several months. The nitrite reacts with the sulfanilamide to form a diazonium compound.  Then this compound reacts with the N-(1-naphthyl) ethylene diamine dihydrochloride solution.  This reaction produces a pink colored azo-compound. When the analysis was performed the level of nitrite was actually measured instead of nitrate.  Previous studies have shown that the lakes contained a negligible amount of nitrite originally.

PROCEDURE

Preparation of calibration curve, range 0,1-1 μg NO2-N/100 mL final solution

· Pipet 0.1; 0.2; 0.4; 0.8; 1 mL standard iron solution into 50 mL volumetric flasks.

· Dilute to volume (50 mL) with distilled water.

· To each flask add; 2.0 mL color reagent solution, Mix thoroughly and let stand for 10 min.

· Prepare a reference blank by treating distilled water as above except standard iron solution.

· Measure the absorbance of each solution at λ=543 nm against reference blank in 1.0 cm cell.

Determination of nitrite concentration of unknown sample by absorbance measurement:

To 50 mL sample, filtered if necessary, add 2 mL color reagent solution and mix thoroughly. After mixing, the sample would develop a pink/ purple coloration. The intensity of the coloration directly related to the concentration of nitrate in the water. 
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The sample was then analyzed with the diode array spectrophotometer, with a focus on the absorbance at the 543 nm wavelength. This analysis needed to be completed between 10 minutes and 2 hours after.
DETERMINATION OF AMMONIUM 

An intensely blue compound, indophenol, is formed by the reaction of ammonia, hypochlorite, and phenol catalyzed by sodium nitroprusside.

Interferences: Complexing magnesium and calcium with citrate eliminates interference produced by precipitation of these ions at high pH. There is no interference from other trivalent forms of nitrogen. Remove interfering turbidity by distillation orfiltration. If hydrogen sulfide is present, remove by acidifying samples to pH 3 with dilute HCl and aerating vigorously until sulfide odor no longer can be detected.

Apparatus

Spectrophotometer for use at 640 nm with a light path of 1 cm quartz cuvette.

Reagents
a. Phenol solution: Mix 11.1 mL liquified phenol (89%) with 95% v/v ethyl alcohol to a final volume of 100 mL. Prepare weekly
b. Sodium nitroprusside, 0.5% w/v: Dissolve 0.5 g sodium nitroprusside in 100 mL deionized water. Store in amber bottle for up to 1 month.

c. Alkaline citrate: Dissolve 200 g trisodium citrate and 10 g sodium hydroxide in deionized water. Dilute to 1000 mL.

d. Sodium hypochlorite: commercial solution, about 5%. This solution slowly decomposes once the seal on the bottle cap is broken. Replace about every 2 months.

e. Oxidizing solution: Mix 100 mL alkaline citrate solution with 25 mL sodium hypochlorite. Prepare fresh daily.

f. Stock ammonium solution: NH4Cl 
g. Standard ammonium solution: Use stock ammonium solution and water to prepare a calibration curve in a range appropriate for the concentrations of the samples.

PROCEDURE

Preparation of calibration curve, range 0,1-5 μg NH3-N/100 mL final solution

· Pipet 0.1; 0.2; 0.4; 0.8; 1 mL standard iron solution into 50 mL volumetric flasks.

· Dilute to volume (50 mL) with distilled water. 

· To each flask add; 1 mL phenol solution, 1 mL sodium nitroprusside solution, and 2.5 mL oxidizing solution.
· Mix thoroughly and let stand for 10 min (color is returned blue).

· Prepare a reference blank by treating distilled water as above except standard iron solution.

· Measure the absorbance of each solution at λ=640 nm against reference blank in 1.0 cm cell.
Determination of nitrite concentration of unknown sample by absorbance measurement:
To a 25-mL sample in a 50-mL erlenmeyer flask, add, with thorough mixing after each addition, 1 mL phenol solution, 1 mL sodium nitroprusside solution, and 2.5 mL oxidizing solution. Cover samples with plastic wrap or paraffin wrapper film. Let color develop at room temperature (22 to 27°C) in subdued light for at least 1 h. Color is stable for 24 h. Measure absorbance at 640 nm. Prepare a blank and at least two other standards by diluting stock ammonia solution into the sample concentration range. Treat standards the same as samples. 
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Calculation

Prepare a standard curve by plotting absorbance readings of standards against ammonia concentrations of standards. Compute sample concentration by comparing sample absorbance with the standard curve.
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