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Protocol in reference to: Doane, T.A., Horwath, W.R., 2003. Spectrophotometric determination of nitrate with a single reagent. Analytical Letters 36, 2713-2722.
Nitrate Analysis
Stocks- each last approximately two weeks.  Store in refrigerator.
2% w/v sulfanilamide
· Dissolve 2.0 g sulfanilamide in 98 mL 1 M HCl. (Make only for “FOR HIGHER CONCENTRATION NO3 – VANADIUM (III) CHLORIDE SOLUTION”)
0.2% w/v N-(1-naphthyl)-ethylenediamine dihydrochloride

· Dissolve 0.2 g N-(1-naphthyl)-ethylenediamine dihydrochloride in 99.8 mL nanopure. (Make only for “FOR HIGHER CONCENTRATION NO3 – VANADIUM (III) CHLORIDE SOLUTION”)
Nitrate solution (100 ppm)
· Dissolve 72.18 mg potassium nitrate in 100 mL nanopure.
Keeps for a couple weeks.

Reagents (prepare in brown bottles)
Vanadium (III) chloride solution 
(FOR HIGHER CONCENTRATION [>1 ppm-N])
1. Dissolve 0.35 g of vanadium (III) chloride powder in 50 mL 1M HCl. Work quickly and  carefully with the vanadium (III) chloride powder; it’s very reactive with air!

2. Filter the vanadium solution in a 50 mL falcon tube using the vacuum apparatus. Be sure to turn filter unit on before opening valve. After filtering, transfer the vanadium chloride solution to a 500 mL brown bottle. 
3. Add 3.3 mL 2% w/v sulfanilamide to the 500 mL bottle.
4. Add 3.3 mL 0.2% w/v N-(1-naphthyl)-ethylenediamine dihydrochloride to the 500 mL bottle.
5. Add 400 mL nanopure water to the 500 mL bottle.
6. Label FOR HIGHER CONCENTRATION OF NO3 – VANADIUM (III) CHLORIDE SOLUTION

7. Purge with nitrogen for at least 15 minutes. Be sure the headspace in the bottle is filled with nitrogen. Solution can be frozen and stored up to 1 year.

8. Use this reagent if your samples have a concentration of NO32- greater than 1.0 ppm-N

9. EXPIRED REAGENT DISPOSED OF AS HAZ WASTE!!!
(FOR LOWER CONCENTRATION [0 – 1 ppm-N])
1. Place 100 mL of 1.0 M HCl in a 250 mL beaker with a stir bar. Do not pour all out, so you can rinse the weighing boats.
2. Add 200 mg of sulfanilamide to 1.0 M HCl
3. Add 10.0 mg of N-(1-naphthyl)-ethylenediamine dihydrochloride to 1.0 M HCl
4. The next step needs to be done quickly so make sure its set up completely before starting. In a small clear bottle, mix 50 mL of 1.0 HCl (different HCl) with 375-450 mg of Vanadium (III) Chloride. Gently shake intermittently until nearly all solid is dissolved (10 minutes). Do this all of this with a sense of urgency. 
5. Filter the vanadium solution in a 50 mL falcon tube using the vacuum apparatus. Be sure to turn filter unit on before opening valve. After filtering, transfer the vanadium chloride solution to a 250 mL brown bottle. It should be a blueish-green color
6. Add filtered solution to beaker containing 100 mL 1.0 M HCl
7. Transfer final reagent to a 250 mL brown bottle labeled FOR LOWER CONCENTRATIONS OF NO3 –  VANADIUM (III) CHLORIDE SOLUTION
8. Purge with nitrogen for at least 10 minutes. Be sure the headspace in the bottle is filled with nitrogen. 

9. ONLY use this reagent if your samples have a concentration of NO32- lower than 2.0 ppm-N
10. EXPIRED REAGENT DISPOSED OF AS HAZ WASTE!!!
Standard Curves – last only a couple days
(FOR HIGHER CONCENTRATION [0 – 1 ppm-N])
1. Prepare a 5 ppm-N solution by combining 5 mL of 100 ppm-N stock with 95 mL nanopure.

2. Create the following standard curves in 20 mL tubes.

	Conc. (ppm-N)
	mL 1 ppm N solution
	mL matrix (0.5M K2SO4)

	0
	0
	5

	0.25
	.25
	4.75

	0.5
	.50
	4.50

	1.0
	1.0
	4.0

	2.0
	2.0
	3.0

	3.0
	3.0
	2.0

	4.0
	4.0
	1.0

	5.0
	5.0
	0


(FOR LOWER CONCENTRATION [0 – 2 ppm-N])
3. Prepare a 2 ppm-N solution by combining 2 mL of 100 ppm-N stock with 98 mL nanopure.
4. Create the following standard curves in 20 mL tubes. These only keep a couple days.
	Conc. (ppm-N)
	mL 2 ppm N solution
	 mL matrix (0.5M K2SO4)

	0
	0
	5

	0.10
	0.25
	4.75

	0.20
	0.50
	4.5

	0.40
	1.0
	4.0

	0.70
	1.75
	3.25

	1.00
	2.50
	2.5

	1.50
	3.75
	1.25

	2.00
	5.0
	0

	
	
	

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	A
	ST(0)
	ST(0)
	ST(0)
	S1
	S3
	S5
	S7
	S9
	S11
	S13
	S15
	S17

	B
	ST(.05)
	ST(.05)
	ST(.05)
	S1
	S3
	S5
	S7
	S9
	S11
	S13
	S15
	S17

	C
	ST(.10)
	ST(.10)
	ST(.10)
	S1
	S3
	S5
	S7
	S9
	S11
	S13
	S15
	S17

	D
	ST(.20)
	ST(.20)
	ST(.20)
	S2
	S4
	S6
	S8
	S10
	S12
	S14
	S16
	S18

	E
	ST(.35)
	ST(.35)
	ST(.35)
	S2
	S4
	S6
	S8
	S10
	S12
	S14
	S16
	S18

	F
	ST(.50)
	ST(.50)
	ST(.50)
	S2
	S4
	S6
	S8
	S10
	S12
	S14
	S16
	S18

	G
	ST(.75)
	ST(.75)
	ST(.75)
	CS(.10)
	CS(.10)
	CS(.10)
	S19
	S19
	S19
	S20
	S20
	S20

	H
	ST(1.0)
	ST(1.0)
	ST(1.0)
	CS(.35)
	CS(.35)
	CS(.35)
	S21
	S21
	S21
	S22
	S22
	S22


ST= Standard S= Sample CS= Check Standard

Procedure
1. Add 30 µL of sample or standard to each well.
2. Pipette triplicates of at least two (2) check standards into available wells as shown above. These check standards should be in the middle of the range of the sample nitrate concentrations if known. If this is unknown, use more check standards if space is available; otherwise use 0.1 ppm-N and 0.35 ppm-N (.5 ppm-N and 3 ppm-N  for higher concentrations) concentrations as this is the two concentrations that are in the middle of the average sample set. These check standards will be treated as “unknown samples” in order to check the accuracy of the standard curve. If the standard curve is accurate, check standards should read close to their actual concentration under the “Calculated ppm-N NO3 -” column on the nutrient spreadsheet. Add all remaining reagents to the check standard wells as if they were normal samples.

3. Add 300 µL of Vanadium solution to each well.
4. Tap plate corner to mix well, incubate for 5 hours or overnight and read plate using the Nitrate Protocol in the plate reader software.

· Samples should turn pink in color. If the color turns yellow, the concentration of nitrate is too high, dilute the sample and run again.

· Standard curve should be a straight line. If it is not, try purging the Vanadium (III) Chloride Reagent for a longer period of time.
· Be sure to purge the vanadium solution with nitrogen for 15 minutes at a pressure of 15 psi after each use. Does not need to be purged if being used directly after it is prepared (still purge after use). Store in refrigerator. When it turns pink, it is no longer good to use.
