HACH Kits - Nitrate

Introduction:


Nitrogen is one of the most abundant elements in nature, and in the molecular (N2) form is the most common gas in the atmosphere, comprising 79 % of the air we breathe.  Nitrogen is also essential for all animals and plants in building proteins.


In order for plants to take up nitrogen, it must first be converted to another form - either Ammonia (NH3) or Nitrate (NO3-).  This process can occur through several converters, including blue-green algae, lightning, and bacteria.  Blue-green algae (the primary algae of algal blooms) are able to use N2 and convert it into nitrate and ammonia.  Lightning converts large amounts of atmospheric nitrogen directly to nitrates.  Certain forms of bacteria can convert nitrite (NO2-) to nitrate (NO3-) under aerobic conditions.   


Animals, however, must either eat plants and convert plant proteins to animal proteins, or eat other organisms that feed on plants.  Excretions of animals (including humans) are rich in nitrogen and are one of the chief causes of high nitrate levels in water.


Sewage is the main source of nitrates added by humans to waterways.  Sewage enters the environment through inadequately treated wastewater, illegal sewer connections, or poorly functioning septic systems.  Other important sources of nitrates are fertilizers and runoff from cattle feedlots and barnyards.  Fertilizers (both those used on farms and on lawns) can runoff into streams or flow through the soil to groundwater if applied in excess.


Drinking water containing excessive amounts of nitrate can cause infant methemoglobinemia (blue babies).  In this condition, hemoglobin in the blood is transformed into methemoglobin, which destroys the ability of blood cells to transport oxygen.  Because of this, the US Public Health Service established 10 mg/L of nitrate-nitrogen as the maximum contamination level allowed in public drinking water.


Hach nitrate tests (low, medium, and high range) all use modifications of the Cadmium Reduction Method.  All necessary reagents are packaged in the Nitraver 5 reagent powder pillows (high and medium range) or Nitraver 6 reagent powder pillows (low range).


In the nitrate tests, cadmium metal is used to reduce nitrates (NO3-) to Nitrites (NO2-).  The cadmium is contained in the Nitraver 5 (high and medium range) and Nitraver 6 (low range) powder pillows.




NO3-  +  Cd  +  2H+  --->  NO2- +  Cd+2  +  H2O  

Nitrite ions then react with sulfanilic acid (in an acidic medium) to form an intermediate diazonium salt. This is also contained in the Nitraver 5 powder pillows
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     sulfanilic acid

      diazonium salt


When coupled with gentisic acid, an amber colored solution is formed.  Color intensity of this compound is directly proportional to the nitrate concentration of the water sample.  This reaction occurs for the high and medium-range reactions, with the gentisic acid also contained in the Nitraver 5 powder pillow.
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diazonium salt

gentisic acid

(amber colored species)


In the low-range reaction, the diazonium salt reacts with chromotropic acid to form a red-orange colored complex.  This complex is in direct proportion to the nitrate concentration in the sample.  Sulfanilic acid and chromotropic acid are contained in the Nitriver 3 powder pillows.
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Purpose:


To measure the amount of nitrate in a sample of water.

Equipment / Materials:

	HACH DR/2000 spectrophotometer
	1 pkg. NitraVer 5 Reagent Powder Pillows

	clippers
	1 pkg. NitraVer 6 Reagent Powder Pillows

	sample cells (4+)
	1 pkg. NitraVer 3 Reagent Powder Pillows

	rubber stoppers (size 1 or 2)
	water samples

	50 mL graduated cylinders
	water samples

	garbage bag
	waste bottle (label:  Hazardous Waste: CADMIUM - HACH Nitrate)


Safety:

•
Safety goggles must be worn at all times when using HACH apparatus or chemicals.

•
Never eat or drink in the "lab" area - field area included!

Procedure:

1.  Enter the stored program number for medium range nitrate nitrogen (NO3- -N) powder pillows.  Press: 3 5 3 READ/ENTER.  Display will show: DIAL nm TO 400.

2.  Rotate the wavelength dial until display shows:  400 nm.

3.  Press: READ/ENTER.  The display will show: mg/L  N  NO3-   M.

4.  Fill a sample cell with 25 mL of sample.  Repeat for number of samples being taken (minimum of 3 if no other group is doing this test).

5.  Fill another cell with 25 mL of deionized water (the blank).  Be sure to keep the blank separate from the samples.

6.  Add the contents of a Nitraver 5 Nitrate Reagent Powder Pillow to each cell (all samples and the blank).   Stopper each. 

7.  Press: SHIFT TIMER(7). A one-minute reaction period will begin.  Shake all cells until the timer beeps.

8.  When the timer beeps, press:  SHIFT TIMER(7).  A five-minute reaction period will begin.

9.  When the timer beeps, the display will show:  mg/L  N  NO3-   M.  Remove the stopper.  Place the blank into the cell holder.  Close the light shield. 

10.  Press:   ZERO.  The display will show:  WAIT.  then:  0.0  mg/L  N  NO3-   M.

11.  Remove the stopper.  Place the first prepared sample into the cell holder.  Close the light shield.  Press READ/ENTER.  The display will show: WAIT.  Then the result in mg/L (ppm) nitrate expressed as nitrogen (NO3-  -N) will be displayed.  

12.  Record this value on your data table.

13.  Repeat steps 11 and 12 for all of the samples.

If the Value on the display for any of the readings is above 4.5 mg/L or if the display is flashing the reading, proceed to step 1B.  

If any of the readings are below 0.40 mg/L on the display,  proceed to step 1C.

If readings are between 0.40 and 4.5 mg/L, do step 12B and clean-up.

Additional procedure for high range nitrate:

1B.  Press METH.  Press METH again.  The display will read METHOD #?.

2B.  Enter the stored program number for high-range nitrate nitrogen powder pillows 355 READ/ENTER.  The display will show DIAL nm TO 500.

3B.  Rotate the wavelength dial until display shows:  500 nm.

4B.  Press READ/ENTER.  The display will show mg/L  N  NO3-   H.

5B.  Press READ/ENTER.  The display will show ZERO SAMPLE.

6B.  Fill a sample cell with 25 mL of sample (the blank).  Place the blank into the cell holder.  Close the light shield.  

7B.  Press ZERO.  The display will show WAIT then 0.0 mg/L  N  NO3-   H.

8B.  Place the first prepared sample into the cell holder.  Close the light shield.  

9B.  Press:  READ/ENTER.  The display will show WAIT, then the result in mg/L nitrate nitrogen (NO3-  -N) will be displayed.

10B.  Record this value on the data table.

11B.  Repeat steps 9B and 10B for all of the samples.

12B.  Pour out all samples, being sure not to disturb the cadmium particles in the bottom of the sample cells.  Rinse cadmium into the cadmium waste container.  Clean cells using a brush - be sure all cadmium containing waste goes into the waste bottle.

Additional procedures for low range nitrate:

1C.  Pour out all samples from the medium-range test, being sure not to disturb the cadmium particles in the bottom of the sample cells.  Rinse Cadmium into the Cadmium waste container.  Clean cells using a brush - be sure all cadmium containing waste goes into the waste bottle.

2C.  Enter the stored program number for low range nitrate nitrogen (NO3- -N) powder pillows.  Press: 3 5 1 READ/ENTER    Display will show: DIAL nm TO 507.

3C.  Rotate the wavelength dial until display shows:  507 nm.

4C.  Press: READ/ENTER.  The display will show: mg/L  N  NO3-   L.

5C.  Fill a sample 50mL mixing graduated cylinder to the 30-mL mark with sample.  Repeat for number of samples being taken (minimum of 3 if no other group is doing this test).

6C.  Add the contents of a Nitraver 6 Nitrate Reagent Powder Pillow to each cylinder .   Stopper each. 

7C.  Press: SHIFT TIMER(7).  A three-minute reaction period will begin.  Shake all cylinders continuously during the three-minute reaction time.

8C.  When the timer beeps, press:  SHIFT TIMER(7).  A two-minute period allows the cadmium to settle.

9C.  When the timer beeps, pour 25 mL of sample from each cylinder into a sample cell.  DO NOT transfer any cadmium!

10C.  Add the contents of one Nitriver 3 Nitrite powder pillow to each sample cell.  Stopper.  Shake to dissolve.  Press: SHIFT TIMER(7).  A ten-minute reaction period will begin.

11C.  When the timer beeps, the display will show:  mg/L  N  NO3-   L. Fill another sample cell (the blank) with 25 mL of sample.  Place the blank into the cell holder. 

12C.  Press:   ZERO.  The display will show:  WAIT.  then:  0.0  mg/L  N  NO3-   L.

13C.  Within ten minutes from when timer beeped, remove the stoppers from the prepared samples.  Place the first prepared sample into the cell holder.  Close the light shield.

14C.  Press READ/ENTER.  The display will show: WAIT.  Then the result in mg/L (ppm) nitrate expressed as nitrogen (NO3-  -N) will be displayed.  

15C.  Record this value on your data table.

16C.  Repeat steps 14C and 15C for all samples.

17C.  Pour out all samples from the cylinders, being sure not to disturb the cadmium particles in the bottom of the cylinders.  Rinse cadmium into the cadmium waste container.  Clean cylinders using a brush - be sure all cadmium containing waste goes into the waste bottle.  Rinse out the sample cells.

                                                                    Name_______________________________

                                                                    Name________________________________

                                                                    Period_______________________________

                                                                    Date_________________________________

Data:                                                           

Medium-Range nitrate - nitrogen test

Trial 1

____________
mg/L

Trial 2

____________
mg/L

Trial 3

____________
mg/L

Average
____________
mg/L

(The following section is optional, based on medium range results)

_______________ range nitrate - nitrogen test

Trial 1

____________
mg/L

Trial 2

____________
mg/L

Trial 3

____________
mg/L

Average
____________
mg/L

Conclusions:

1.  How do your results compare with the maximum level of nitrate-nitrogen allowed in drinking water?  

2.  What percent is your reading below (or above ) the allowable limit?

3.  Does this test for nitrate include any nitrite that was in the water? Explain

4.  Why was cadmium collected in a special container?  What type of element is cadmium?
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