416K Osmolarity and Tonicity Practice problems. Ungraded activity. Try these in class and on your own. Bring your solutions and questions to discussion. 


1. In the diagram below are two solutions (A and B) separated by a membrane permeable to water but not solutes.  Use this as the starting condition for the questions below. 


a. In this initial condition, what is the osmolarity of solution A?  48 OsM
In this initial condition, what is the osmolarity of solution B? 42 OsM

b. If you compare osmolarities of solution A to B, solution A is  hyperosmotic to B. 

c. In which direction will water move between these compartments?

From B to A.  

d. After all osmosis has occurred, what will the osmolarity of compartment A be?

(480 + 252) / (10+6) = 732/16 = 45.75 OsM
Note that you can solve this knowing that each compartment will be equal in the end. Find the osmolarity of A+B; it will  = A or B.  

e. How much total water has moved into or out of compartment A?

480 osmoles/ x liters = 45.75 OsM   x = 10.49 L     10.49-10 = 0.49 L

0.49 L added

Solve knowing what the final osmolarity will be and knowing the number of osmoles. Subtract final volume from the initial volume to find how much added.  This can be checked by solving for compartment B also to make sure the same amount leaves B to have osmolarity = 45.75
2. If a 5 liter solution with 20 osmoles of sucrose  (A) is separated from a 2 liter solution with 10 osmoles of sucrose (B) by a membrane impermeable to sucrose and permeable to water, in which direction will movement of water occur?

a. from solution B to solution A 

b. from solution A to solution B  (A=4 OsM, B=5 OsM)

c. to solution A and then back to solution B

d. to solution B and then back to solution A

e. there will be no movement of water in this case

* If the membrane was permeable to sucrose, the answer would be e.

3. A 300 mOsM urea solution is __________ 

a. hyposmotic to a 200 mM solution of NaCl. (200mM NaCl = 400 mOsM)

b. hyperosmotic to a 200 mM solution of NaCl.

c. isosmotic to a 200 mM solution of NaCl.

d. isosmotic to a 600 mM solution of NaCl.

e. isosmotic to a 0.18 % solution of NaCl.

4. What are the two extracellular fluid compartments in the body? plasma and interstitial fluid
5. In the diagram below are ECF and ICF compartments separated by a membrane permeable to water and to K+  Use this as the starting condition for the questions below. 




a. What is the osmolarity in the ICF before any KCl solution is added?

260 mOsM

b. One liter of a 10% potassium chloride solution will be added to the ECF.  What is the osmolarity of the KCl solution?  (molecular weight of K= 39.1, Cl = 35.5) (KCl has a disassociation constant of 2 meaning each mole becomes 2 osmoles)

convert % to g/L:

10% = 10 g/100ml = 100g/L         

convert g/L to osmol/L:
100g/L (1mole/74.6g) (2osmole/1mole) = 2.68 OsM 

c. The KCl solution  is _____________________to the body (ECF and ICF). 

circle your answer:
 hyposmotic 
isosmotic
 hyperosmotic
d. After the KCl solution is added, how does the osmolarity of the body change?

circle your answer:


osmolarity decreases

no change
 osmolarity increases
e. The K+ ions diffuse through an open ion channel into the ICF but the Cl- ions cannot move into the ICF.  Which compartment has a higher concentration of non-penetrating solutes after the addition of the KCl solution (before water or solutes move)?

the ECF

they are the same

the ICF
f. Circle your answer for which way net water movement will be after the KCl addition: 

into ECF

no net water movement

into ICF
g. Based on your answer directly above, what is the tonicity of the KCl solution?

hypertonic

* You could set up this problem using a penetrating solute to show that you can have a hyperosmotic solution that is hypotonic. 

6. A wilderness firefighter has just completed 12 hours of fighting a forest fire.  She followed procedure carefully by drinking water or gatorade every hour for the 12 hours but  towards the end of those 12 hours she overheated and vomited twice, losing both fluid and ions. After wards, she exhibited signs of a possible osmotic imbalance. Answer the following questions based on this situation:   

a. After vomiting,  she was treated by local paramedics  who gave her 500 ml of water to drink.  By drinking the water did the firefighter increase or decrease her body osmolarity?

decrease (made more dilute with water, osmolarity = zero)

b. At the end of the 12 hours and even after drinking the water, she continued to exhibit symptoms of a possible osmotic imbalance.  She was taken to the hospital where the measures shown on the chart below were determined. Fill in the remainder of the chart. (Be sure to include units.)

	
	Total body
	ECF
	ICF

	volume
	30 liters
	10 liters
	20 liters

	solute amount
	7800 mosmoles
	2600
	5200

	osmolarity
	260 mOsM
	260
	260


c. Based on the information above, the firefighter is hyposmotic, isosmotic or hyperosmotic relative to normal?


d. The emergency room health care team disagrees about which IV solution to give the firefighter.   Her osmolarity is low, and her body weight and blood pressure indicates that she is a little dehydrated (needs some fluid in cells).  Refer to the list of IV solutions on page 156, Table 5-9. 
For a normal person, circle your answers below to show how body osmolarity changes (increase, no change or decrease) and which way water moves when each IV fluid is added to the body.

Normal person (OsM=285-295 mOsM, isomotic to normal saline and to 5 % glucose)

IV Fluid


Change in OsM?

Water movement?           .

0.9% NaCl (normal saline)
(
N/C
  (

into ECF 
N/C  
into ICF
0.45% NaCl


(
N/C
  (

into ECF 
N/C  
into ICF
5% glucose in 0.45% NaCl
(
N/C
  (

into ECF 
N/C  
into ICF
5% glucose in 0.9% NaCl
(
N/C
  (

into ECF 
N/C  
into ICF
Which IV fluid would you choose for the firefighter and why?

5% glucose in 0.45% NaCl. It will increase her osmolarity and move water into her cells.
ICF





7800 mosmoles


  30 liters





ECF





3900 mosmoles


  15 liters





  added solution:


10% KCl








A.





480 osmoles


  10 liters





B.





252 osmoles


  6 liters








