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Tonicity, pH, Buffer Capacity, and Stability
Considerations for Technicians

by Dave Brown, MS, RPh

GOAL STATEMENT:

The purpose of this article is to explain tonicity, pH, buffer capacity, and several stability
considerations as they pertain to common intravenous solutions for infusion.

PROGRAM OBJECTIVES:

1) Explain tonicity. 2) Identify common isotonic, hypotonic, and hypertonic solutions. 3) Describe
the effect of various tonicities on cells. 4) Define pH. 5) Explain the importance of maintaining
body pH constant. 6) State the effect of a high or low buffer capacity of solutions. 7) State
the impact of temperature, time, concentration, and order of mixing on stability of parenteral

admixture solutions.

TONICITY

erhaps one of the most
important concepts to
understand about any
intravenous solution is
the TONICITY of the
solution. What is tonicity
and why is tonicity important? What
happens if a solution is administered to a
patient and the tonicity is too high or too
low? The Handbook of Fluid, Electrolyte,
and Acid-Base Imbalances defines tonicity
as, “the effect of fluid on cellular volume.”!

To understand tonicity, as it relates to
solutions for infusion into the body, it
will help to first understand permeability
of membranes. Cells in the body are
surrounded by membranes and are also
surrounded by fluid. An example is a red
blood cell (RBC) in a blood vessel. It has
a membrane surrounding it and it is in the
plasma.

Membranes can be classified as permeable,
semi-permeable, or impermeable. If a cell
membrane were impermeable, it would
mean that nothing can flow through the
membrane into or out of the cell. If a cell
membrane were permeable, water and all
types of atoms, ions, and molecules could
freely flow through the membrane into and
out of the cell. Cell membranes in the body
are classified as SEMI-PERMEABLE.

The prefix “semi” can mean “half” or

it can mean: less than the total amount,
partly, or somewhat. A semicircle is
half of a circle or part of a circle. The
semi-permeable membrane is one that is
somewhat permeable. The semi-permeable
membrane of a cell allows water molecules
and certain atoms, ions, and molecules to
freely flow into and out of the cell, but it
does not let all atoms, ions, and molecules
do so. Urea is an example of a dissolved
molecule that can freely pass through a cell
membrane. Sodium (Na*) and chloride
(CI) are two examples of ions in solution
that cannot freely pass through a cell
membrane.

A red blood cell (RBC) is an example of a
cell with a semi-permeable membrane. A
sodium ion (Na'*) or a dextrose molecule
does not freely flow into or out of a
RBC. (Dextrose is a sugar found in fruits.
Dextrose is also called glucose.) But since
water can freely flow in and out, the RBC
membrane is classified as a semi-permeable
membrane. Some atoms, ions, or molecules
can freely cross the membrane and others
cannot. (The reason sodium ions are inside
cells at all is because the body has membrane
pumps which act as gatekeepers for moving
various ions such as sodium into or out
of cells). Tonicity is a term that relates to
those items which cannot freely cross the
membrane.

Whenever there is a semi-permeable cell
membrane, it is possible to have a higher
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concentration of dissolved substances
(atoms, ions, molecules) in the liquid inside
the cell than outside the cell. The converse
is also true. That is, it is also possible to
have a higher concentration of dissolved
substances in the liquid outside the cell
than inside the cell. TONICITY is the
term used to describe the concentration of
dissolved substances in a parenteral solution
in comparison to the concentration of those
dissolved substances in body fluid in cells.
It is very important to be aware of the
tonicity of parenteral solutions in relation
to the body prior to their intravenous
administration. Many cells in the body may
become damaged or destroyed if the tonicity
does not match normal blood tonicity.

Three terms are used to describe the
tonicity of solution relative to the human
body: isotonic, hypotonic, and hypertonic.
They are often used to determine whether
a solution is administered in a peripheral
vein or a central vein. They are also used
to determine if a solution can have multiple
additives combined with it or if the solution
needs to be diluted with Sterile Water
for Injection prior to administration to a
patient.

An ISOTONIC parenteral solution
has the same concentration of dissolved
substances (which cannot cross the
membrane) in it as compared to the
concentration of those in the fluid inside
the red blood cells (RBCs).

An example of a solution that is
considered isotonic with blood is 0.9%
sodium chloride (0.9% NaCl), also known
as NORMAL SALINE (NS). Salt is
sodium chloride (NaCl). A solution of salt
that is 0.9% in concentration (0.9% NaCl)
is referred to known as Normal Saline.
The terms Normal Saline, 0.9% NaCl,
0.9% sodium chloride, and Normal Saline,
abbreviated NS, are all used interchangeably.

JPSW May/June 2009 17




Pharmacy Technicians

They are the same thing. Normal Saline is
compatible with your blood. You may have
noticed that when you cut your lip, you can
taste some salt (NaCl) that is in your blood.
NS is formulated to match your blood.

RINGER’S SOLUTION and
LACTATED RINGER’S SOLUTION
are two more examples of popular isotonic
parenteral solutions. Ringer’s Solution
contains more electrolytes than Normal
Saline (NS). Ringer’s Solution contains
not only sodium (Na*), but also potassium
(K*), and calcium (Ca**) in a concentration
which approximates the concentration in
serum. Lactated Ringer’s Solution (LR)
is like Ringer’s Solution but it has an
additional ingredient called sodium lactate
in the solution. Once it is infused into the
body, the sodium lactate will be converted
into bicarbonate. Bicarbonate is a base
(alkaline) which will raise the blood pH
for a patient whose blood is too acidic. It
is very important not to confuse Ringer’s
Solution and Lactated Ringer’s Solution.
Administration of either solution when
the other is ordered could result in death
of the patient due to the resultant abnormal
blood pH. Administration of Ringer’s
Solution does not change the blood’s
pH. Administration of Lactated Ringer’s
Solution will raise the blood’s pH.

A fourth example of an isotonic solution
is a 5% DEXTROSE IN WATER (D5W).
One reason dextrose is chosen as a solute is
because it is a source of calories for a patient.
This can prevent the patient from burning
proteins stored in their body. When an
isotonic solution, such as Normal Saline
(NS), Ringer’s, Lactated Ringer’s, or D5W,
is infused into a patients vein, the blood
cells are unaffected, which is the ideal
situation. Unfortunately, when solutions
that are not isotonic are administered,
this is not the case. (D5W is a solution
to take note of, because as the body uses
the dextrose, it changes from an isotonic
solution to a hypotonic solution, which is
the next subject).

AHYPOTONIC parenteral solution has
alower concentration of dissolved substances
(which cannot cross the membrane) in it as
compared to the concentration of those
dissolved substances inside the red blood
cells (RBCs). Normal Saline (0.9% NaCl)
is isotonic, so any NaCl solution that is
less than 0.9% NaCl is hypotonic. Half-
normal Saline (0.45% NaCl) and Quarter-
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normal Saline (0.2% NaCl) are examples of
hypotonic solutions.

Water will cross a semi-permeable
membrane in the direction of the higher
concentration of dissolved substances. That
will decrease the difference in concentrations
between the two sides of the membrane.
When a hypotonic solution is infused into a
patient’s vein, there is a higher concentration
of dissolved substances inside the red blood
cells (RBCs) relative to the concentration
of dissolved substances in the solution in
the vein surrounding the RBCs. The result
is that water will cross the semi-permeable
membrane, moving into the RBCs, causing
the RBC:s to enlarge. If pure water, which is
very hypotonic, were infused into a vein, the
RBCs will explode as water rushes into the
RBCs. Hemolysis is the medical term for
the destruction of red blood cells.” Similarly,
water will flow into other cells in the body
when a hypotonic solution is infused.

Because water from a hypotonic solution
will enter cells, a bottle of Sterile Water for
Injection will have a warning stated on the
label such as, “For drug diluent use. Do not
give intravenously unless rendered nearly
isotonic.” Sterile Water for Injection is very
hypotonic and therefore must not be infused
or red blood cells will explode (hemolyze).
Why do we have Sterile Water for Injection?
It can be used to dilute other concentrated
solutions.

Certain hypotonic solutions may be
administered to a patient for special
circumstances. An example is Half-
normal Saline (0.45% NaCl) is sometimes
infused to counteract dehydration. When
Half-normal Saline is infused, the water
in it will move from the infused solution
across membranes into the intracellular
compartment.

A HYPERTONIC parenteral solution
has a higher concentration of dissolved
substances (which cannot cross the
membrane) in it as compared to the
concentration of those dissolved substances
inside the red blood cells (RBCs). Dextrose
5% in Water (D5W) is isotonic, so any
dextrose solution that is higher than 5%
concentration is hypertonic. Dextrose 10%
in Water (D10W) and Dextrose 50% in
Water (D50W) are examples of hypertonic
solutions.

When a hypertonic solution is infused
into a patient’s vein, there is a lower
concentration of dissolved substances

inside the red blood cells relative to the
concentration of dissolved substances in
solution in the vein surrounding the RBCs.
The result is that water will cross the semi-
permeable membrane, moving out of the
RBCs and entering the solution in the vein.
The RBCs will therefore shrink and collapse.
If D50W is infused into a vein, the RBCs
will collapse. Similarly, water will flow
out of other cells and from between cells
in the body, causing dehydration when a
hypertonic solution is infused. This is why
abottle of D50W will have a warning stated
on the label such as, “Caution: Hypertonic.
Administer only after dilution via central
venous catheter.” There are times when a
hypertonic solution will be administered to
patients. An example is Dextrose 10% in
Water (D10W) is sometimes administered
to counteract hypoglycemia.

Another example of hypertonic solutions
that are administered to patients is total
parenteral nutrition (TPN). To provide
adequate nutrients to sustain a patient
receiving TPN, the solution will be a
hypertonic solution. The TPN solution will
be administered through a central venous
catheter to prevent damaging cells, which
would occur if the TPN were administered
through a peripheral vein in the arm. A
central venous catheter is placed into the
subclavian vein near the heart where there is
much more blood flow than if the solution
were administered into a peripheral vein in
the arm. The concentrated solution will
infuse into the central blood vessel (the
subclavian vein) with the high volume of
blood flow. The large volume of blood
flowing will quickly dilute the hypertonic
solution.

Due to the high dextrose content in most
TPN formulations, either the flow rate must
be increased and decreased gradually or the
concentration of dextrose must be increased
or decreased gradually when administering
to patients. The gradual changes will allow
the patient’s body to adjust its insulin
production appropriately to match the
changes.

Another hypertonic solution is 3%
Saline. Some hypertonic solutions with
two ingredients include Dextrose 5% in
0.33% Sodium Chloride, Dextrose 5% in
0.45% Sodium Chloride, Dextrose 5% in
Lactated Ringers.



OSMOLALITY

A measurement that relates to tonicity is
called OSMOLALITY. 7abers Cyclopedic
Medical Dictionary defines osmolality as
“Osmotic concentration; the characteristic
of a solution determined by the ionic
concentration of the dissolved substances
per unit of solvent.”” Taber’s also states that
the osmolality of plasma has a narrow range
of 275-295 mOsm/kg. The higher the
osmolality of a solution above the range of
plasma, the more hypertonic the solution is.
The lower the osmolality of a solution below
the range of plasma, the more hypotonic
the solution is.

Solutions with osmolalities fairly close to
the range of plasma are considered isotonic.
The classifications are relative to plasma’s
osmolality, but are not hard and fast. For
instance, although the osmolality of Normal
Saline is 308 mOsm/kg (which is somewhat
higher than plasma) and Dextrose 5% in
Water (D5W) is 253 mOsm/kg (which is
somewhat lower than plasma), they are still
considered isotonic, because their osmolality
values are close enough to the osmolality of
blood to be considered compatible.

Osmolality has implications in many
different areas. Some of those areas are
electrolyte balance, intracranial pressure,
dehydration, fluid deficit, fluid overload,
hyperglycemia, hypoglycemia, blood
pressure, and basic caloric needs. It is not
the intent of this article to address those
areas.

COMBINATION SOLUTIONS

The tonicity of combination solutions may
be surprising or confusing. One example is
that D5W and 0.9% NaCl is a hypertonic
solution. This solution has both dextrose
and NaCl dissolved in it. At first it may
seem that since Dextrose 5% in Water is
an isotonic solution and 0.9% NaCl is an
isotonic solution, that a solution labeled
D5W and 0.9% NaCl should also be
isotonic. It is not. It is hypertonic, as we
shall see.

One way of explaining this hypertonicity
is that since the one ingredient of D5W is an
isotonic solution, then adding any amount
of an additional ingredient to the solution
will make it a hypertonic solution. Adding
some salt (NaCl) to the D5W solution,
therefore, makes the solution hypertonic.
It can be said that D5W and any amount
of NaCl is a hypertonic solution.

The same argument can be made based
on the other ingredient of NaCl. That is,
since the one ingredient of 0.9% NaCl is an
isotonic solution, then adding any amount
of an additional ingredient to the solution
will make it a hypertonic solution. Adding
some dextrose to the 0.9% NaCl solution,
therefore, will make ita hypertonic solution.
It can be said that, 0.9% NaCl and any
amount of dextrose is a hypertonic solution.

A different way of explaining why the
combination solution D5W and 0.9% NaCl
is hypertonic is by looking at the quantity
of the ingredients which are in the solution.
It will be seen that the volume will double
and the concentration of ingredients will
be cut in half when combining a D5W
solution with an equal amount of 0.9%
NaCl solution. Dextrose 5% in Water has
5 grams of dextrose in 100 mL of water and
0.9% NaCl has 0.9 grams of NaCl in 100
mL of water. As separate solutions they are
both isotonic. If they are combined together
itis expected that the combination solutions
will be isotonic and that is true. However,
notice that if they are added together, the
0.9 grams of NaCl and the 5 grams of
dextrose will be 200 total milliliters. The
volume doubles when the two solutions are
combined. What does that do to the percent
concentration of NaCl and dextrose? It will
drop the percent concentration of NaCl
and dextrose in half because the volume
doubles. The concentration of the two
isotonic solutions combined together will
then be dextrose 2.5% and 0.45% NaCl.
The volume doubles, but the amount of
the ingredients stayed the same. That
reduces the concentrations to half of the
original which would make the combination
isotonic.

Based on that, we can state that when two
solutions are combined together in equal
quantities, the volume doubles and the
concentration is cut in half. Applying that
thinking to the original solution, we can
deduce that D5SW and 0.9% NaCl would
have come from combining Dextrose 10%
in Water (D10W) with an equal volume
of 1.8% NaCl. Those obviously are both
hypertonic solutions.

For similar reasons, we can state that the
combination product D5W and 0.45%
NaCl (which has both dextrose and NaCl
in it) is hypertonic. Another combination
product, Ringer’s and Dextrose (which has
both Ringer’s Solution ingredients and
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dextrose in it) is also hypertonic.

PH

Another important concept to consider
about any intravenous solution is the pH
of the solution. What is pH and why is pH
important? What happens if a solution is
administered to a patient and the pH is too
high or too low?

The measure of acidity or alkalinity
(basicity) of a solution is pH. The pH scale
range is from 0 to 14. A neutral solution,
such as water, is neither acidic nor basic.
It will have a pH of 7. Solutions that are
acidic will have a number between 0 and 7.
Solutions that are basic will have numbers
between 7 and 14. Blood is only slightly
alkaline, so it is essentially neutral with a
pH of approximately 7.4.

The pH number is a measure of hydrogen
ion (H") concentration in a solution. The
way it is calculated is such that when the
pH number is lower (0-7), there is a higher
concentration of hydrogen ions in solution.
It is acidic. Conversely, when the pH
number is higher (7-14), there is a lower
concentration of hydrogen ions in solution.
It is alkaline (basic).

The body must maintain a pH of 7.4
to sustain life. The kidneys, lungs, and a
number of body chemicals help to keep
it stable. A pH change of just 0.5 in
either direction could result in death. In
most instances, it is critical that infusion
of parenteral solutions does not alter the
body’s pH. However, there are medical
emergencies where a patient’s condition has
brought about a pH change in the blood,
which is either higher or lower than the
ideal pH of 7.4. It then becomes necessary
to bring their pH back to normal through
administration of the appropriate parenteral
solution.

To prevent stinging, burning, pain,
irritation, or tissue damage, it is important
that parenteral solutions have a pH close
to that of blood. Not only must the
large volume parenteral (LVP) solution
be neutral, but the solution should have a
pH close to neutral after the additives are
combined with it. Medications that are
added to parenteral solutions are actually
chemicals which may be acidic or basic
in nature. When additives are put into a
solution, they can change the pH of the
solution to be acidic or basic. One way to
decrease that effect is through the dilution
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of the medication into a LVP solution bag
rather than in a small volume parenteral
(SVP) solution bag.

When two medications are in the same
LVD, one of the medications may raise
or lower the pH of the solution. This
could result in the inactivation of the
other medication. To prevent this type
of interaction, it is prudent to check
incompatibility charts and the literature
prior to adding two medications into the
same LVD.

There are many reasons that two
medications may be incompatible in a
solution. Usually, if they are incompatible in
one solution, they will also be incompatible
in another solution. That is not necessarily
the case if the incompatibility is due to pH
change. It is possible for two drugs to be
incompatible in one solution due to the pH
change caused by one ingredient, but the
same two drugs might be compatible in a
different parenteral solution. Each solution
will uniquely respond to the addition of a
drug that is an acid or a base. How they
respond depends on the solution’s buffer
capacity.

BUFFER CAPACITY

The degree to which a solution can resist
changing pH is referred to as its BUFFER
CAPACITY. Buffer capacity can be low
or high. Examples of solutions with low
buffer capacity are Normal Saline (NYS)
and Dextrose 5% in Water (D5W). When
adding an acidic drug to NS or D5W, the
solution will become acidic. The pH will
drop below 7. When adding a drug that
is a base to NS or D5W, the solution will
become alkaline (basic). The pH of the
solution will rise above 7. The solutions are
said to have a low buffer capacity because
their pH values easily changed when an acid
or base was added. The solutions did not
resist changing pH.

Lactated Ringer’s Solution, on the other
hand, has a high buffer capacity. When
adding the same acidic drug and quantity
to Lactated Ringer’s Solution as in the above
example, the solution will either remain
neutral or the pH will drop by a lesser
amount than it did in Normal Saline (NS)
or D5W. The pH will remain near 7. When
adding the same basic drug and quantity
to Lactated Ringer’s Solution, the solution
will either remain neutral or the pH will
rise by a lesser amount than it did in NS
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or D5W. Again, the pH will remain near
7. The Lactated Ringer’s Solution resisted
making a pH change when acids or bases
are added to it so it is said to have a high

buffer capacity.

STABILITY OF ADMIXTURES?®
The stability of an admixture is an
important consideration. Temperature,
time, concentration, and order of mixing are
three factors which may affect the stability
of an admixture solution. In addition,
the storage of admixtures, scheduling
preparation of admixtures, and the order
of the admixture process may be affected.
Temperature affects the stability of an
admixture solution. The molecules in a
warm admixture are moving around more
in the solution than the molecules in a cool
admixture. This means that there are more
collisions between the molecules of the drug
and the molecules of the solution. If there
are multiple additives in the bag, there will
be more collisions between the different
types of drug molecules. More collisions
lead to more chemical reactions. Increasing
the temperature will also increase the rate
at which most reactions will take place.
In the event that there was a breakdown
in aseptic technique, warmth will also
increase the muldplication of bacteria in
a solution. Refrigeration of parenteral
admixtures which are made in advance of
administration will decrease the potential
for adrug to interact with the solution, for a
drug to interact with another drug, and fora
drug to interact with the solution container
(the i.v. bag and administration set tubing).
Refrigeration also inhibits bacterial growth.
Time affects the stability of an admixture
solution. The longer an admixture solution
sits prior to administration to a patient,
the more likely an interaction will occur.
The molecules in the solution are moving
around and colliding with each other. As
the number of collisions increases over
time, the potential for an interaction will
increase. The interactions could be the
drug interacting with the solution, the drug
interacting with another drug, or the drug
interacting with the container (the i.v. bag
or administration set tubing).
Concentration of the admixture
ingredients affects the stability of the
solution. The more concentrated a solution
is, the more molecules are crowded into
a limited space. As the molecules move

about, the number of collisions between
the additive molecules and other molecules
increase. Two additives at a given dose may
be totally compatible in a large volume
parenteral (LVP) but incompatible in a
small volume parenteral (SVP) due to the
concentration differences.

Order of mixing of ingredients may
affect the stability of an admixture. Two
ingredients that go into TPNs are calcium
and phosphate. They can combine and
precipitate if their concentrations are too
high. Precipitation is when ingredients
come out of solution. Crystals form and are
visibly seen in the vial or solution container.
The precipitate may appear to look like
snow. A solution with precipitation in it
cannot be administered to a patient or it
may occlude blood vessels.

To avoid precipitation of calcium and
phosphate, they are added last to a TPN
solution. That puts them into the maximum
volume of solution. The dilution affect will
reduce their concentrations and thereby
decrease the likelihood of an interaction.
In addition, the phosphate will be added
prior to the calcium. The phosphate will be
allowed to dissipate throughout the entire
container so that there are not any areas of
high concentration in any particular area.
The calcium can then be slowly added as
the last ingredient. By adding it slowly, each
drop will be allowed to dissipate so that a
will not create an area of high concentration
in the container. If a large concentrated
amount were added quickly, an area of high
concentration could be made, which could
lead to precipitation.

SUMMARY

Pharmacy technicians are charged with the
responsibility of making safe parenteral
admixture solutions. Solution tonicity,
pH, and buffer capacity of common
solutions and their effect on patients were
explained. The impact of temperature, time,
concentration, and order of mixing on the
stability of solutions was also explained. A
pharmacy technician’s increased knowledge
of the issues affecting patient safety related
to parenteral solutions, as well as solution
stability factors, should help the technician
to be better equipped to make safe parenteral
solutions. @

Dave Brown is Pharmacy Technician Program
Director, Lakeshore Technical College.
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SELF ASSESSMENT
QUESTIONS
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AVAILABLE ONLINE: WWW.PSWI.ORG

Tonicity, pH, Buffer Capacity, and Stability
Considerations for Technicians

1.

2.

3.

4.

Semi-permeable membranes in the body

a. Allow sodium ions (Na*) and dextrose to freely pass through
the membrane.

b. Prevent urea and water from freely passing through the
membrane.

c. Allow all atoms, ions, and molecules to freely pass through
the membrane.

d. Allow water to pass through the membrane, but do not
allow sodium ions (Na*) or dextrose to pass through the
membrane.

Which of the following statements about tonicity is/are true?

a. Tonicity can be defined as, the effect of fluid on cellular
volume.

b. Tonicity is the term used to describe the concentration of
dissolved substances in a parenteral solution in comparison to
the concentration of those dissolved substances in body fluid
in cells.

c. Many cells in the body may become damaged or destroyed if
the tonicity of an infused parenteral solution does not match
normal blood tonicity.

d. All of the above

A hypertonic parenteral solution has

a. The same concentration of dissolved substances (which
cannot cross the membrane) in it as compared to the
concentration of those in the fluid inside the red blood cells
(RBCs).

b. A lower concentration of dissolved substances in it
(which cannot cross the membrane) as compared to the
concentration of those dissolved substances inside the red
blood cells (RBCs).

c. A higher concentration of dissolved substances in it
(which cannot cross the membrane) as compared to the
concentration of those dissolved substance inside the red
blood cells (RBCs).

d. None of the above

A hypotonic parenteral solution has

a. The same concentration of dissolved substances (which
cannot cross the membrane) in it as compared to the
concentration of those in the fluid inside the red blood cells
(RBCs).

b. A lower concentration of dissolved substances in it
(which cannot cross the membrane) as compared to the
concentration of those dissolved substances inside the red
blood cells (RBCs).

c. A higher concentration of dissolved substances in it
(which cannot cross the membrane) as compared to the
concentration of those dissolved substance inside the red
blood cells (RBCs).

d. None of the above

5.

10.

11.

An isotonic parenteral solution has

a. The same concentration of dissolved substances (which
cannot cross the membrane) in it as compared to the
concentration of those in the fluid inside the red blood cells
(RBCs).

b. A lower concentration of dissolved substances in it
(which cannot cross the membrane) as compared to the
concentration of those dissolved substances inside the red
blood cells (RBCs).

c. A higher concentration of dissolved substances in it
(which cannot cross the membrane) as compared to the
concentration of those dissolved substance inside the red
blood cells (RBCs).

d. None of the above.

Which of the following solutions is hypertonic?
a. Dextrose 5% in Water (D5W)

b. Dextrose 10% in Water (D10W)

c. Normal Saline (NS)

d. Half-normal Saline (1/2 NS)

Which of the following solutions is hypotonic?
a. Lactated Ringer’s Solution

b. Dextrose 10% in Water (D10W)

c. Half-normal Saline (1/2 NS)

d. None of the above

Which of the following solutions may cause red blood cells to
burst if it were administered intravenously?

a. Dextrose 10% in Water (D10W)

b. Ringer’s Solution

c. Lactated Ringer’s Solution

d. Sterile Water for Injection

Which of the following solutions may cause red blood cells to
collapse if it were administered intravenously?

a. Dextrose 5% in Water (D5W)

b. Dextrose 10% in Water (D10W)

c. Quarter Normal Saline (1/4 NS)

d. Sterile Water for Injection

Which of the following solutions do not cause adverse effects on
red blood cells?

a. Dextrose 5% in Water (D5W)

b. Normal Saline (NS)

c. Ringer’s Solution

d. All of the above

The higher the osmolality of a solution above the range of
plasma,

a. The more hypotonic the solution is.

b. The more hypertonic the solution is.

c. The safer it is.

d. None of the above

continued on the next page
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SELF ASSESSMENT P COMPLETE ARTICLE AND CE EXAM j
QUESTIONS AVAILABLE ONLINE: WWW.PSWI.ORG
continued from previous page 15. Which of the following solutions has the highest buffer
capacity?
12. The measure of acidity or alkalinity (basicity) of a solution a. Normal Saline (0.9% NaCl)
a. Is tonicity. b. Dextrose 5% in Saline (D5W)
b. Is buffer capacity. c. Ringer’s Solution
c. Is osmolality d. Lactated Ringer’s Solution
d. Is pH
16. Which of the following are factors that can affect the stability of
13. Which of the follow statements is/are true? an admixture solution?
a. The body can adapt to wide ranges in pH without adverse a. Temperature
effects. b. Time
b. A pH change of just 0.5 in either direction from the normal c. Concentration
value of 7.4 can result in death of the patient. d. All of the above
c. The kidneys, lungs, and a number of body chemicals help to
keep body pH stable. 17. How do you rate this lesson?
d.B&C a. very good
b. good
14. The buffer capacity of a solution is c. poor
a. The degree to which the solution can resist changing pH
b. The measure of hydrogen ions (H) in the solution. 18. Did it meet the learning objectives?
c. The ability of the solution to cross a semi-permeable a. yes
membrane b. no
d. None of the above
19. How long did it take you to complete this lesson?

a CE FOR TECHNICIANS ONLY. )
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