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Regents Biology Laboratory Investigation

DIAGNOSTIC URINALYSIS

Background Information

Urinalysis is the process of testing urine to see if any abnormalities can help a doctor pinpoint what is wrong with a patient.  At first glance, the idea of analyzing a patient’s urine in order to diagnose him or her with a disease or disorder seems ludicrous.  After all, urine is composed of things that the body doesn’t need; why should such waste yield any important data about the health of a patient?  Think about it another way, however.  Anthropologists and archeologists often spend years digging through ancient towns buried under the sands of time.  Any clues that they find might help them, even garbage!  Indeed, a lot can be learned about a civilization by what it throws away, and the same is true of the human body.

We know from class that all living cells create waste.  This is true of all the cells in our body, because they are all (hopefully) alive.  However, the cells are so closely packed that they simply can’t just jettison their waste through their cell membranes like an amoeba or a paramecium can.  If they did so, it would be like every person living on your street simply threw their garbage out their window, instead of having it collected.  Soon, we would be knee-deep in our own filth.  Not so hot.  We instead have a sanitation system that collects our garbage, and concentrates it in the dump, so we all don’t have to deal with it.  In the human body, the kidneys do the same thing.  When cells make waste, they put it back in the blood, and the kidneys filter it out (collect it), and then concentrate it into urine.  It’s much easer to get rid of, and safer for all parties involved.

So when something goes wrong with this waste collection and concentration system, the waste that it is supposed to be collecting and concentrating will change.  A doctor can then run a battery of tests similar to what you will do today on the urine, and the results can aid the diagnosis.  One person’s trash really can be another person’s treasure!
Purpose

The purpose of this investigation is to acquaint you with some of the procedures that a doctor might use to help diagnose a patient.  You will be able to see what happens when the urinary system malfunctions, and in doing so, you will deepen your understanding of how the system works.  You will finally be able to try your hand at making your own diagnoses on some fictitious patients.
Materials

PENCIL
Urine samples
Hydrometer

pH paper
Glucose test strips
Biuret solution


Droppers
250 mL Beakers
Test tubes


Safety Goggles
Hydrometer tube
Procedure
PART I – PRACTICE


In this particular section, you will be able to practice and hone your urinalysis skillz.  You are given three urine samples, and you will have to use a series of tests to determine what is abnormal about each sample.  You will perform each of these tests on all three of the samples.

Please note that you must wear safety goggles throughout this investigation.  Many chemicals in the simulated urine or in the indicators used are very irritating to skin and eyes.  If you spill any of the solutions on yourself, flush the area with plenty of water.  If you spill on the lab bench, clean the area with a moistened paper towel.  
A.  Protein test


1.  Put on your safety goggles.

2.  Obtain three test tubes and a test-tube rack


3.  Label the tubes “Sample 1,” “Normal,” and “Sample 2.” 

4.  Fill the tubes with about 2 mL of the appropriate samples.


5.  Add about 2 mL of biuret solution to each tube, and gently vortex to mix.


6.  Wait a few minutes, and then compare the color changes in your tubes to the samples near the biuret solution.  A pink or purple color is a positive test.  Record your findings on your data table.

7.  Carefully wash the tubes and put them back in the rack.

B.  Appearance


1.  Look at the samples on the lab bench.


2.  Note their color, clarity, and the presence or absence of any sediment on the bottom of the flasks.  You may need to gently swirl the flask to check for sediment.


3.  Record this data on your data table.

C.  pH


1.  Obtain a small slice of pH paper.  It is not necessary to use very much; just enough so that you can dip the paper in without touching the solution.

2.  Dip the pH paper in the stock solution on the lab bench, and compare the color to the label on the box.


3.  Record the pH of the solution on your data table.


4.  Discard the pH paper in the garbage.  

D.  Glucose


1.  Obtain three glucose test strips.  Take care not to touch the small pad at the end, as your finger oils may interfere with the test.


2.  Dip one strip into each stock solution on the lab bench, and wait about a minute.


3.  Compare the color on the pad to the color on the bottle.  

4.  Record the concentration of glucose in the urine on your data table.

5.  Discard the strip in the garbage.

E.  Specific Gravity


1.  Obtain a hydrometer and a hydrometer tube.  DO NOT BREAK THE HYDROMETER.  These instruments are very delicate, and we do not have many of them.  DO NOT BREAK THEM.


2.  The specific gravity of a substance is a way to compare its density to the density of something else, usually water.  Since urine has a lot of solute in it, we might expect the specific gravity to be greater than that of water.

3.  Fill they hydrometer tube almost to the top with the urine being tested.


4.  Carefully place the hydrometer in the tube.  DO NOT DROP IT IN.

5.  Read the number that is directly at the level of the fluid.  If it is between two lines, make an educated estimate.


6.  RETURN THE URINE TO THE STOCK SOLUTION ON THE LAB BENCH!


7.  Record the specific gravity (which, like pH, is unitless) on your data table.
	
	Protein
	Appearance
	pH
	Glucose
	Specific Gravity

	Sample 1
	
	
	
	
	

	Normal
	
	
	
	
	

	Sample 2
	
	
	
	
	


Figure 1.  Data table for practice urinalysis.
QUESTION 1:  Which sample, 1 or 2, do you think had abnormally “high” readings for each test?  Which do you think had abnormally “low” readings?
QUESTION 2:  Make a hypothesis about what you think might be wrong with the people who belong to samples 1 and 2.
QUESTION 3:  The sample labeled “Normal” is representative of a healthy human being.  However, many coaches and trainers encourage their athlete’s urine to be even less yellow than sample 1.  Why do you think this is?
PART II – UNKNOWNS


In this section of the investigation, you will pick three of the five unknown solutions and perform the tests that you practiced in part I on them.  Now that you have perfected your skillz, you should be good enough to diagnose an actual disorder, not just a high or low pH, for example.  Use the information in figures 2 and 3 to help you make your diagnoses.
	Observation
	Possible Diagnosis

	Protein Present
	Autoimmune diseases such as lupis, impending kidney failure

	Abnormal Color
	Light color – Over-consumption of water, type I diabetes

Dark color – Dehydration, jaundice

Reddish – Consumption of beets, toxic hemolysis, kidney damage (blood present)

	Abnormal pH
	High (basic) – Imbalanced diet, urinary tract infection

Low (acidic) – Imbalanced diet, type I diabetes

	Glucose Present
	Overindulgence, imbalanced diet, diabetes types I or II

	Specific Gravity
	High (greater than 1.000) – Dehydration, diabetes types I or II, over-consumption of salt
Low (less than 1.000) – Over-consumption of water, stress, type I diabetes

	Sediment or Crystals Present
	Dehydration, kidney stones, consumption of vegetables (spinach, etc.) or other foods high in oxalic acid.


Figure 2.  Potential diagnoses based on observations.

	Patient
	Information

	A
	Boy, 12 years old, complained of excessive thirst.  He has high urine volume and high urination frequency.  He is very thin and has bouts of fatigue

	B
	Woman, 32 years old, unusual rash and joint aches.  Flu-like symptoms, but no full-blown flu.  The symptoms go away for a week, then return

	C
	Man, 23 years old, intermittent headaches for the past two weeks, and trouble sleeping.  He was laid off from work, and has yet to find another job.

	D
	Woman, 65 years old.  Chronic lower-back pain, at the waist and to the left side.  Vegetarian.

	E
	Boy, 16 years old.  Trying to loose weight to make his weight class on the wrestling team.  Severe attack of nausea and vomiting after practice.


Figure 3.  Clinical information about the people who belong to samples A through E.

	
	Protein
	Appearance
	pH
	Glucose
	Specific Gravity

	Sample ____
	
	
	
	
	

	Sample ____
	
	
	
	
	

	Sample ____
	
	
	
	
	


Figure 4:  Data table for unknowns

QUESTION 4:  Sample ________, Diagnosis and reasons for diagnosis:

QUESTION 5:  Sample ________, Diagnosis and reasons for diagnosis:

QUESTION 6:  Sample ________, Diagnosis and reasons for diagnosis:

Analysis
QUESTION 7:  Why is it bad to observe glucose in the urine?
QUESTION 8:  Would salt water or distilled water have a higher specific gravity?  Why? (hint: reread the definition of specific gravity in Part I above)
QUESTION 9:  Why would severe kidney damage result in urine with a very low specific gravity?
QUESTION 10:  How do you think eating a very salty meal would affect the specific gravity of a patient’s urine?  Why?
QUESTION 11:  Mr. Syracuse’s friend Leland can drink a gallon of milk in under a half-hour (really, he can. ask Mr. S about it.).  Describe what you think his urine might be like after completing this “gallon challenge.”
QUESTION 12:  What are two things that you would do to improve this lab if you were to do it again?
� We are greatly indebted to Mr. Gordon Bonnet of Trumansburg High School for the wonderful lab on which this investigation is based. 
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