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1. Overview
In this experiment, you will determine, quantitatively, the amount of nitrate (NO3-) present in your water sample, expressed as nitrate-nitrogen (NO3-N) in mg/L, using a method based on a nitrate ion selective electrode.


2. Introduction
The nitrate ion is commonly found in natural aquatic ecosystems.  Nitrates are a source of nitrogen that are essential for plant nutrients.  However, too much nitrate can lead to significant water quality problems.  Sources of pollution that may produce abnormally high nitrate concentrations include runoff from fertilizer and animal manure in agricultural areas, and certain industrial processes leading to production of corrosion-resistant metals.  According to the EPA, the natural concentration of nitrates is typically less than 1 mg/L; however, in a polluted stream, the concentration can be as high as 30 mg/L.  

[image: nitrate electrode]Because nitrate is such a ubiquitous ion, care must be taken to handle glassware and other containers very carefully, to prevent inadvertent contamination of natural water samples with nitrates found in the lab.  All glassware must be acid-washed before it comes in contact with any nitrate standard or water sample.

To determine quantitatively the amount of nitrates present in a water sample, we will use the nitrate electrode method.  A schematic of the electrode is presented in Figure 1.  This method relies on a difference in concentration between nitrate inside and outside the electrode chamber.  A hydrophobic (“water-hating”) membrane, saturated with a nitrate ion-exchanging compound, bring nitrate ions from the analyte solution into contact with the reference Ag/AgCl electrode.  The membrane must not be allowed to “dry out,” otherwise the electrode will no longer function.  Therefore, the electrode must always be immersed in a solution, either a storage solution or a solution to be measured.  Figure 1.  Schematic of a nitrate ion-selective electrode.


Because the concentration of nitrate inside the electrode chamber and in the ion-exchange membrane are different, a potential difference (voltage) is established, which can be measured with a potentiometer.  The voltage depends on the concentration of nitrate in the membrane, which in turn depends on the concentration of nitrate in the water sample.  Empirically, it is found that the potential difference (E) is linearly proportional to the logarithm of the concentration of nitrate in the water sample (cnitrate), according to Equation (1).


						(1)

In this equation, m is the slope of the line, and b is the y-intercept.  To determine the values of m and b, the voltages for a set of nitrate standards must first be measured.  The plot of E vs. log(cnitrate) from these measurements is a calibration curve.  Then, upon measuring the voltage of the water sample, we can use the calibration curve to determine the concentration of nitrate.

Unfortunately, there are many complications to the successful use of the nitrate ion-selective electrode.  First, the electrode works best in a pH range between 3 and 9, but the pH must be held constant.  Second, many other anions interfere with nitrate; these are nitrite, cyanide, sulfide, bromide, iodide, chlorate, perchlorate, carbonate, and bicarbonate.  Of these, nitrite is the most severe, as it may be oxidized fairly easily to nitrate.  If any of these ions are also present in the water sample, they might be detected as if they were nitrate, and lead to a reading that is too high.  Third, many bacteria use nitrate ions as a source of food; if these bacteria are present, the concentration of nitrates will slowly decline over time, as they digest their food.  Finally, nitrates can serve as an oxidizing agent; if there are organic acids around, nitrates may react with them instead of being detected by the electrode.  Before analyzing your water sample, therefore, a special interference suppression solution must be added.  This solution has a pH of 3.0, and contains reagents that will diminish (but not completely eliminate) the influence of these other complications.  The interference suppressor solution contains aluminum sulfate, silver (I) sulfate, boric acid, sulfamic acid (H2NSO3H), and sodium hydroxide.

The silver (I) sulfate precipitates out any interfering bromide, iodide, sulfide or cyanide that may be present.
Ag+(aq) + Br-(aq)  AgBr(s)
Ag+(aq) + I-(aq)  AgI(s)
2 Ag+(aq) + S2-(aq)  Ag2S(s)
Ag+(aq) + CN-(aq)  AgCN(s)

The sulfamic acid reacts with nitrite ion to produce bisulfate, nitrogen gas, and water.
NO2-(aq) + H2NSO3H(aq)  HSO4-(aq) + N2(g) + H2O(l)

The boric acid acts as a preservative, killing any bacteria present so that they don’t consume any more of the nitrates.  Aluminum ion complexes with any organic acids present, so that they don’t react with nitrate.  Finally, the sodium hydroxide is added to create a boric acid/sodium borate buffer with a final pH of 3.0.  The pH is chosen to be acidic because under acidic conditions, carbonate and bicarbonate will react to form carbon dioxide gas and water.  We can’t eliminate chlorate and perchlorate, but these are not normally found in natural waters anyway.

3. 
Materials and Equipment
· Water sample
· One nitrate ion-selective electrode connected to a potentiometer
· Nitrate ion-selective electrode storage solution
· 100 ppm nitrate-Nitrogen (NO3-N) standard solution
· Interference Suppressor solution
· 150-mL beakers
· Glass pipettes and pipette bulb
· 10% HCl solution


4. Simulated Procedure

NOTE: Use latex gloves when handling glassware and in all subsequent steps, for your protection and to prevent contamination of the glassware with nitrates from your hands.

The outline of the procedure is as follows:
1. Acid wash all glassware.
2. Prepare the nitrate calibration curve by measuring the electrode potential after addition of given amounts of 100 ppm nitrate (NO3-N) standards.
3. Measure the voltage of the water sample.
4. Determine the concentration of nitrate using the measured voltage and the calibration curve.

Procedure for Acid Washing of Glassware
For each piece of glassware you will be using for this analysis, perform steps 1-4.  

1. Wash with a clean brush and phosphate-free detergent.
2. Rinse three times with cold tap water.
3. Rinse with a solution of 10% HCl.
4. Rinse three times with deionized water.

Procedure for Preparation of the Nitrate Calibration Curve
The nitrate calibration is an example of standard addition type of calibration.  Before you begin, be sure you wear latex gloves to prevent contamination, and that you use only acid-washed glassware.

1. Using a 100-mL volumetric flask, measure 100.00 mL of distilled water into 150-mL beaker.  Using a pipette, add 1.00 mL of interference suppressor solution and gently stir.
2. Lower the nitrate ion-selective electrode into the solution, stir thoroughly, and record the voltage (in mV).  
3. Add increments of the 100.0 ppm standard to the beaker using steps outlined in the Table 1.  



Table 1. Directions for preparing the calibration curve for nitrate analysis
	Step
	Graduated pipet size
	Added volume (mL)
	Concentration ppm N

	1
	1 mL
	0.1
	0.1

	2
	1 mL
	0.1
	0.2

	3
	1 mL
	0.2
	0.4

	4
	1 mL
	0.2
	0.6

	5
	1 mL
	0.4
	1.0

	6
	2mL
	2.0
	2.9

	7
	2mL
	2.0
	4.7



4. Once you have all of the data recorded in your lab notebook, using Excel or comparable program, prepare a calibration curve by plotting E (voltage), in mV, on the y-axis and log(cnitogen) on the x-axis.  At high concentrations, the data should resemble a straight line, but at low concentrations the curve may bend a little bit.  
5. For the region on the graph that appears linear, fit the data to a straight line and record the slope and intercept in your lab notebook.  Include the calibration curve in your lab report.

The slope and intercept from the calibration curve depend on temperature, concentrations of certain other ions present, and other lab conditions.  Thus, if you decide to measure other water samples at different times, you first should check to make sure that the calibration of the electrode is still accurate.  To do this, measure the voltage of two of your standards, the 4.7 mg/L standard and the 0.4 mg/L standard.  The new voltages should be within the error range of the values that were originally measured for these two standards.  If they aren’t, the entire calibration curve must be shifted upwards or downwards in order to accommodate the new values.

Procedure for the Determination of the Concentration of Nitrate in the Water Sample 

1. Analyze water for one site in triplicate.
6. Prepare your water samples by measuring 100.00 mL of sample into the 150-mL beaker.  Using a pipette, add 1.00 mL of interference suppressor solution and gently stir.  Be sure to record any observations (e.g., precipitation, evolution of gas, temperature changes).
2. Lower the nitrate electrode in the first water sample and record the voltage measured.  Repeat the measurement on the two remaining samples. 
3. From the calibration curve previously measured, determine the concentration of nitrate in your water sample. Express the final result as the mean and standard deviation of the three replicate measurements.


5. Data from previous analyses:
The following voltage values were recorded on nitrates standards.  Please notice that the standards concentration is expressed as nitrate-nitrogen (NO3-N) in mg/L. Use these data to construct the calibration plot:



	Ion selective calibration data

	Nitrate (N) concentration (mg/L)
	Electrode Potential (mV)

	0.1
	144.8

	0.2
	131.0

	0.4
	115.5

	0.6
	105.2

	1.0
	93.5

	2.9
	65.8

	4.7
	52.7



Data were collected at three different ponds on the End Creek restoration area in prior years.  Use these data to determine the nitrate (as N in mg/L) concentration in unknown water samples:

	Electrode potential values in unknown water samples (mV)

	North Pond
	South Pond 
	East Pond

	72.6
	80.1
	110.6

	75.1
	79.2
	106.1

	71.5
	81.5
	107.3




6. Your Results:
Using the calibration data provided, prepare a calibration curve in Excel or comparable program by plotting the electrode potential (mV) on the y-axis and the log10 c (concentration of N in mg/L) on the x-axis.  Fit the data to a straight line and record the calibration equation, y = mx + b, where y is the electrode potential and x is the log10 concentration of N in mg/L.  

Next, using the calibration curve equation and the potential values measured on each water sample, determine and report the concentration of nitrate in mg/L Nitrogen. Because the calibration is built on the logarithmic transformation of the nitrate concentration, you will need to calculate 10x to find the actual concentration. Calculate the mean of the replicate measurements for each water sample and also report the standard deviation.

Example of calculation: Suppose the calibration yields the equation y = -55.504x + 91.826 and an unknown water sample has a potential of 73.5 mV.  What is the nitrate concentration?
First we solve for x = (73.5 - 91.826) / -55.504 = 0.330
To find the nitrate concentration we calculate 100.330 = 2.1 mg/L nitrate (N) 

7. Lab report guidelines:

[bookmark: _GoBack]The lab report should include the following sections:

Introduction – explain the significance of a nitrate measurement in water.  Why are we concerned about presence of nitrates in a fresh water pond? Does the EPA regulate the amount of nitrates in surface water by posing limits to the amount of nitrates in a water body? Include an explanation of potentiometric analysis using the ion selective electrode which is the basis for this experiment.

Procedure – briefly summarize the steps you would have taken if you had conducted this experiment in a laboratory setting.

Results – Report the calibration plot and the calibration equation.  Prepare a table summarizing the amount of nitrate as nitrogen in mg/L calculated in each sample along with the average and standard deviation for each of the three ponds.

Discussion – discuss any trends you observe in the data.  Are there large differences in nitrate content across the three ponds? What sources of errors could limit the accuracy and reproducibility of these measurements?

Conclusion – briefly summarize your findings.

References – cite any references you used to write this report.  References should follow APA style.

A.C. 5/25/2020








1

image1.jpeg
[ To potentiometer

d—)— AgCisotution
Niteate

| ionexchanger
salution

1 Agelectrade

Hydrophobic
[ o,




image2.wmf
b

c

m

E

nitrate

+

´

=

)

log(


oleObject1.bin

