Experiment 8

Urine and Blood Analysis

Instructor Notes and Answers

Part A Qualitative Analysis of Blood and Urine Electrolytes

· Please review all Material Safety Data Sheets for the chemicals used in this laboratory.

· Prepare all standard simulated blood solutions from 1 L of distilled water to which one drop of red food coloring has been added. Use this solution as the blank simulated blood.

· Prepare all standard simulated urine solutions from 1 L of distilled water to which one drop of yellow food coloring has been added. Use this solution as the blank simulated urine.

· You may choose to distribute your standards and blanks in vials or test tubes at the beginning of the lab. Alternatively, you may choose to have these solutions at a central location and have the students obtain their samples as needed throughout the lab session. Comparably, students will need more blood and urine blank in order to perform a blank test for each analysis.

Test for Sodium and Potassium Ions

· Prepare the blood and urine sodium standards to approximately 0.1 M. This is close to the concentrations of real samples. You may use any sodium salt (e.g., sodium chloride, sodium nitrate).

· Students should see a bright orange flame for both the blood and urine standards prior to the wire glowing. With the blanks, the students should only see an orange flame when the wire begins to glow.

· Prepare the blood and urine potassium standards to approximately 0.1 M. This is close to the normal concentration in a real urine sample, but 20–50× greater than a real blood sample.

· Students should see a pale violet flame for both the blood and urine standards prior to the wire glowing. Students may see an orange flame as the wire begins to glow. With the blanks, the students should only see an orange flame when the wire begins to glow.

Test for Chloride

· Prepare the blood chloride sample to approximately 0.1 M in blood blank. This is also close to the concentration of a real sample. If you used sodium chloride when preparing the blood sodium standard, you may use the same solution.

· Students should see the appearance of a white AgCl precipitate with the addition of the silver nitrate solution.

· Prepare the silver nitrate solution to 0.05 M in distilled water.

Test for Phosphate

· Prepare the blood phosphate standard solution to 0.1 M in blood blank. This is very high compared to a real blood sample (i.e., 0.001 M). You may use phosphate or hydrogen phosphate salts. Sodium phosphate works well.

· Students should see the solution turn yellow after heating several minutes in the water bath following the addition of the nitric acid and ammonium molybdate. The yellow color is due to a precipitate that eventually falls out of solution.

Test for Calcium

· Prepare the blood calcium standard solution to 0.1 M in blood blank. Calcium chloride works well. This is very high compared to a real blood sample (i.e., 0.003 M).

· Students should see the appearance of a white calcium oxalate precipitate with the addition of the ammonium oxalate solution.

· If students have difficulty seeing the precipitate, the pH may be too low (increasing the solubility of calcium oxalate) and few drops of sodium hydroxide or ammonium hydroxide may be added.

· Prepare the ammonium oxalate solution to 0.1 M in distilled water.

Test for Ammonium

· Prepare the blood ammonium standard solution to 0.1 M in blood blank. This is very high compared with a real blood sample (i.e., 0.0005 M). 

· Students should see the wetted red litmus paper turn blue as ammonia vapor leaves the solution.

Part B Qualitative Analysis of Urine Proteins, Glucose, and Ketones

Test for Proteins

· Prepare the urine protein standard solution with ~1.0 mL of egg white to every 249 mL of blank simulated urine. If the standard becomes much more concentrated than this, the solution will have a distinct cloudy appearance.

· Students should be able to see the foaming of the proteins as they become denatured in the heat and the solution begins to boil.

Test for Glucose

· Prepare the simulated urine glucose standard with 1 g glucose to every 50 mL blank simulated urine.

· After the addition of the Benedict’s solution and heating, students should be able to see a brick red precipitate begin to form and eventually settle at the bottom of the test tube.

· Prepare 100 mL of Benedicts solution with 1.73 g CuSO4·5H2O, 10 g sodium carbonate, 17.3 g sodium citrate, and distilled water to volume.

Test for Ketones

· Prepare the simulated urine ketone standard solution with 5 mL acetone to every 95 mL of blank simulated urine.

· Students should see a dark violet to deep red band form between the two layers when ketones are present.

· Prepare 100 mL of sodium nitroprusside solution with 4 g sodium nitroprusside and distilled water to volume.

Part C Analysis of Unknown Blood and Urine Samples

· Make the concentrations of your unknowns match the concentrations prepared for your standards.

· You may choose to have the unknowns match the conditions in Table 8.1 or not. Be sure to number and record the respective concentrations of your unknowns. If you choose to have them match, you may make each unknown solution with the following chemicals and the appropriate blood or urine blank.

· Dehydration, Urine: acetone and sodium chloride

· Dehydration, Blood: sodium chloride and potassium chloride

· Chloride concentration will be twice what was tested in the standards, but this will not affect the analysis.

· Students will not be able to see both a violet and an orange flame. The orange flame will swamp the violet. Most students will not be able to identify the presence of potassium, but there should still be enough unique information to identify dehydration.

· Starvation, Urine: acetone and sodium chloride

· Starvation, Blood: NA

· Heavy Metal Poisoning, Urine: egg white

· Heavy Metal Poisoning, Blood: NA

· Kidney Failure, Urine: egg white, glucose, potassium chloride

· Kidney Failure, Blood: potassium chloride and potassium phosphate

· Phosphate concentration will be twice what was tested in the standards, but this will not affect the analysis.

· Diabetes-related, Urine: egg whites, acetone, glucose, sodium chloride

· Diabetes-related, Blood: sodium nitrate or any other sodium salt except phosphate or chloride.

· Heart Failure, Urine: egg white

· Heart Failure, Blood: any ammonium salt except chloride or phosphate

· Pregnancy-related, Urine: You may choose to add glucose or a sodium salt to any urine unknown to suggest pregnancy.

· Pregnancy-related, Blood: NA

· Disclaimer: Table 8.1 suggests significantly high levels of species in urine and blood that indicate a medical condition; however, this experiment is tailored to a mock environment and should not be used for health-related diagnoses of real people.

Experiment 8 Urine and Blood Analysis Answers

1. Table 8.1 shows significantly high levels of species (e.g., sodium) tested in this experiment corresponding with potential health conditions. Assume that the tests you performed in this experiment only gave positive results (i.e., formation of color or precipitate) when the concentration of the species was greater than “normal” levels. Using Table 8.1 and your results for your unknown samples (taken from the deceased woman), determine if the woman may have potentially died from one of the listed conditions. Also determine if she could have been pregnant. Explain your reasoning. 

Answers will vary based on the unknowns supplied. Be sure to make sure the students explain their reasoning.

2. Using your chemistry text or the Internet, explain why the color of the flame is different for potassium and sodium standard samples. Hint: You will need to briefly discuss atomic structure, energy levels, and electrons.

The atomic structure of each atom is different, resulting in a distribution of electronic energy levels unique for each element. This distribution presents various energy level electron transitions. The flame excites the atom forcing an electron from a lower energy level to a higher energy level. When the atom relaxes, a photon of light is given off corresponding to the unique energy difference for potassium or sodium.

3. Using your chemistry text or the Internet, identify the precipitate products for the chloride and calcium tests.

Silver chloride and calcium oxalate

Experiment 8

Urine and Blood Analysis

Purpose

To introduce the student to blood and urine analysis techniques of common electrolytes, proteins, glucose, and ketones. Students will become familiar with common precipitating and color-changing reactions.

Time Duration 2 – 3 hours
Materials
Obtain the following materials:

1. Standard simulated blood and urine samples of potassium and sodium

2. Standard simulated blood samples of chloride, calcium, ammonium, and phosphate

3. Blank simulated urine and blood samples 

4. 10 test tubes

5. Test tube clamp

6. Bunsen burner

7. Matches or striker

8. Hot plate or ring stand with ring and wire mesh to boil water

9. Thermometer

10. 10 graduated 1-mL disposable pipettes

11. 250-mL beaker

 The following materials and chemicals will be supplied as needed:

1. Nichrome wire

2. Unknown simulated blood sample

3. Unknown simulated urine sample

4. 3 M nitric acid

5. 0.05 M silver nitrate

6. 0.1 M ammonium oxalate solution

7. 6 M sodium hydroxide

8. Red litmus paper

9. 0.02 M ammonium molybdate solution

10. Glacial acetic acid

11. 0.1 M sodium nitroprusside solution

12. Concentrated ammonium hydroxide

13. Benedict’s reagent

Introduction

The presence of chemical species within urine and blood, with their respective concentrations, has routinely been used as a diagnostic tool for both illness and death. Nurses and doctors commonly request a blood and/or urine sample in an attempt to diagnose health conditions, while toxicologists regularly analyze blood and urine to aid medical examiners in the determination of cause of death. 

The composition of both blood and urine changes as a function of health. Urine is often analyzed for the presence of proteins, glucose, and/or ketones. These species are not present to any appreciable degree in the urine of a healthy individual. Presence of one or more of these species at significant levels may indicate dehydration, kidney damage, or diabetes. In addition, urine and blood are both frequently analyzed for electrolyte levels of sodium and potassium, while blood is additionally analyzed for the presence of chloride, phosphate, calcium, and ammonium. All of these electrolytes are endogenous to both urine and blood and have defined normal levels. However, an increase or decrease in their normal levels may indicate a condition of heart failure, diabetes, or starvation. 

Table 8.1 shows significantly high levels of electrolytes, proteins, glucose, and ketones (as indicated by an “x”) in urine and blood of six potentially fatal medical conditions. Elevated levels for pregnancy are also shown. You will use Table 8.1, in conjunction with your results from this experiment of both simulated blood and urine samples taken from the corpse of an unidentified female, to presumptively determine cause of death. In addition, you will determine whether or not she may have been pregnant.

Table 8.1. Elevated Levels in Urine (U) and Blood (B) as a Function of Medical Conditions 

	
	Protein (U)
	Ketones (U)
	Glucose (U)
	Sodium (U)
	Potassium (U)
	Sodium (B)
	Potassium (B)
	Chloride (B)
	Phosphate (B)
	Calcium (B)
	Ammonium (B)

	Dehydration
	
	X
	
	X
	
	X
	X
	X
	
	
	

	Starvation
	
	X
	
	X
	
	
	
	
	
	
	

	Heavy Metal Poisoning
	X
	
	
	
	
	
	
	
	
	
	

	Kidney Failure
	X
	
	X
	
	X
	
	X
	X
	X
	
	

	Diabetes-related
	X
	X
	X
	X
	
	X
	
	
	
	
	

	Heart Failure
	X
	
	
	
	
	
	
	
	
	
	X

	Pregnancy-related 
	
	
	X
	X
	
	
	
	
	
	
	


Procedures

Part A Qualitative Analysis of Blood and Urine Electrolytes

1. Obtain standard simulated blood and urine samples of potassium and sodium. Obtain standard simulated blood samples of chloride, calcium, ammonium, and phosphate. Also obtain one simulated blood and one simulated urine sample known not to contain any of the above species (blank samples). Label all of your samples.

Test for Sodium and Potassium Ions:

2. Obtain approximately 8 inches of nichrome wire. Bend a small loop at one end to allow trapping of a small amount of liquid sample.

3. Prepare and light your Bunsen burner. Dip the loop of your nichrome wire into your blank simulated blood sample. Introduce the wire loop into the flame and record your results.*

* You will be performing a flame test. The color of the flame prior to the wire glowing orange will be representative of the species present (i.e., potassium or sodium). You may wish to record the appearance of the flame both prior to and after the wire begins to glow.

4. Repeat step 3 with your standard simulated blood sodium sample.

5. Repeat steps 3 and 4 with your blank and standard simulated urine sodium samples, respectively.

6. Repeat steps 3–5 using your standard simulated blood and urine potassium samples.

7. Turn off your Bunsen burner.

Test for Chloride Ion:

8. Using a graduated disposable pipette, dispense 1 mL of standard simulated blood chloride sample into a test tube and 1 mL of blank simulated blood into a separate test tube.

9. Carefully dispense 3–5 drops of silver nitrate solution into each test tube. Record both initial and subsequent observations for both test tubes.*

* This test and all subsequent tests in this lab will result in the formation of a precipitate, or a color change. The precipitate formation or color change should not occur in the blank sample. Be sure you accurately describe your results such that you will be able to recognize them later when analyzing an unknown sample. 

10. Dispose of each sample in an appropriate waste container. Rinse your test tubes clean.

Test for Phosphate Ion:

11. Fill a 250-mL beaker approximately half full with water. Place the beaker on a hot plate or ring stand with a Bunsen burner. Slowly begin heating the water to approximately 65–70°C (do not boil). 

12. While the water is heating, dispense 1 mL of standard simulated blood phosphate sample into a test tube and 1 mL of blank simulated blood into a separate test tube.

13. Add 3–5 drops of 3 M nitric acid and 20 drops of ammonium molybdate solution to each test tube.

14. Place the test tubes upright in the warmed water. Allow them to sit for 5–10 minutes. Record your observations.

15. Turn off your hot plate or Bunsen burner. Dispose of your samples in an appropriate waste container and rinse your test tubes clean. You may need to use a test tube brush for cleaning.

Test for Calcium Ion:

16. Dispense 1 mL of standard simulated blood calcium sample into a test tube and    1 mL of blank simulated blood into a separate test tube.

17. Add 3–5 drops of ammonium oxalate solution to each test tube. Record your observations. Results may not be immediate. If you are having trouble seeing a difference between the samples, you may wish to add a drop of concentrated ammonium hydroxide (consult instructor).

18. Dispose of your samples in an appropriate waste container and rinse your test tubes clean.

Test for Ammonium Ion:

19. Dispense 1 mL of standard simulated blood ammonium sample into a test tube and 1 mL of blank simulated blood into a separate test tube. Additionally, add approximately 0.5 mL of 6 M sodium hydroxide to each sample.

20. Wet two strips of red litmus paper with distilled water and drape one over each opening of your two test tubes. Place a test tube clamp near the top of each test tube holding the litmus paper in place.

21. Prepare and light your Bunsen burner. Position the test tube containing the blood ammonium sample over the open flame of the Bunsen burner. Hold the test tube at a slight angle with the opening away from your fellow students (and instructor).* Shake the test tube generously to keep the solution mixing while in the flame. Avoid boiling the contents. Remove quickly from the flame if boiling occurs. After 20–30 seconds record the appearance of the red litmus paper.

* Your sample may become superheated and the contents may be violently dispelled from the test tube.

22. Repeat step 21 with your blank simulated blood sample test tube.

23. Turn off your Bunsen burner. Dispose of your samples in an appropriate waste container and rinse your test tubes clean.

Part B Qualitative Analysis of Urine Proteins, Glucose, and Ketones

1. Obtain standard simulated urine samples of protein, glucose, and ketones. Label your samples if this has not already been done.

Test for Proteins:

2. Dispense approximately 1–2 mL of standard simulated urine protein sample and 1–2 mL of blank simulated urine sample into two separate test tubes.

3. Prepare and light your Bunsen burner. Hold the urine protein test tube over the flame of the Bunsen burner. Follow all precautions given in part A when heating a test tube in an open flame. Remove the test tube from the flame just as it begins to boil. The precipitate formed in this experiment appears as “soapy” bubbles or froth on the inside of the test tube. Record your observations.

4. Repeat step 3 with your blank simulated urine sample.

5. Turn off your Bunsen burner. Dispose of your samples in an appropriate waste container and rinse your test tubes clean.

Test for Glucose:

6. Set up an apparatus similar to that in part A, step 11; however, the water will need to begin boiling for this procedure.

7. Add 5–10 drops of standard simulated urine glucose sample and 5–10 drops of blank simulated urine into two separate test tubes. Additionally, using a graduated disposable pipette, add 2 mL of Benedict’s solution to each test tube.

8. After the water prepared in step 6 has begun to boil, place the test tubes into the boiling water and allow it to heat for 5 minutes. Remove from heat and allow it to cool. Record your observations.

9. Turn off your Bunsen burner or hot plate. Dispose of your samples in an appropriate waste container and rinse your test tubes clean.

Test for Ketones:

10. Dispense approximately 1–2 mL of standard simulated urine ketone sample and 1–2 mL of blank simulated urine sample into two separate test tubes. Additionally, add 1 mL of sodium nitroprusside solution to each test tube.

11. In a fume hood, slowly add approximately 1 mL of concentrated ammonium hydroxide to each test tube, so as to form a separate layer on top of the solutions.

12. After 1–2 minutes, record your observations focusing on the interface between the two layers.

13. Dispose of your samples in an appropriate waste container and rinse your test tubes clean.

Part C Analysis of Unknown Blood and Urine Samples

1. Obtain an unknown simulated blood and urine sample. Record your unknown numbers.

2. Test your unknown simulated blood and urine samples with procedures in parts A and B. You do not need to run blank samples unless required by your instructor. Record all of your observations. 

3. Determine in each case if the species being tested is present. Explain your reasoning.

4. Clean up when finished.

Name:______________________________


    Date:_________________

Experiment 8 

Urine and Blood Analysis Worksheet

Results and Observations

Part A Qualitative Analysis of Blood and Urine Electrolytes
· Observations

	
	Standard Sample
	Blank Sample

	Blood sodium
	
	

	Urine sodium
	
	

	Blood potassium
	
	

	Urine potassium
	
	

	Blood chloride 
	
	

	Blood phosphate
	
	

	Blood calcium
	
	

	Blood ammonium
	
	


Part B Qualitative Analysis of Urine Proteins, Glucose, and Ketones

· Observations

	
	Standard Sample
	Blank Sample

	Urine proteins
	
	

	Urine glucose
	
	

	Urine ketones
	
	


Part C Analysis of Unknown Blood and Urine Samples

· Observations




Unknown #s___________________

	
	Unknown Sample
	Present or not present? Explain.

	Blood sodium
	
	

	Urine sodium
	
	

	Blood potassium
	
	

	Urine potassium
	
	

	Blood chloride 
	
	

	
	Unknown Sample
	Present or not present? Explain.

	Blood phosphate
	
	

	Blood calcium
	
	

	Blood ammonium
	
	

	Urine proteins
	
	

	Urine glucose
	
	

	Urine ketones
	
	




Name:______________________________


    Date:_________________

Experiment 8 Urine and Blood Analysis Questions
4. Table 8.1 shows significantly high levels of species (e.g., sodium) tested in this experiment corresponding with potential health conditions. Assume that the tests you performed in this experiment only gave positive results (i.e., formation of color or precipitate) when the concentration of the species was greater than “normal” levels. Using Table 8.1 and your results for your unknown samples (taken from the deceased woman), determine if the woman may have potentially died from one of the listed conditions. Also determine if she could have been pregnant. Explain your reasoning. 

5. Using your chemistry text or the Internet, explain why the color of the flame is different for potassium and sodium standard samples. Hint: You will need to briefly discuss atomic structure, energy levels, and electrons.

6. Using your chemistry text or the Internet, identify the precipitate products for the chloride and calcium tests.
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