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ABOUT THE AUTHOR

Dr. Murali Ramanathan is an award-winning educator and researcher with more than 
two decades of experience teaching Pharmacy and Pharmaceutical Calculations. He is  
Professor of Pharmaceutical Sciences and Neurology at the University at Buffalo, The 
State University of New York. Dr. Ramanathan received his Ph.D. in Bioengineering 
from the University of California at San Francisco. He has over 200 published scientif-
ic papers and several patents.
This book is a state-of-the art workbook with more than a 1,000 problems. It is unique 
because prescription-based problems are used to develop pharmaceutical and dosing 
calculations skills. 
It will be useful to pharmacy, pharmaceutical sciences, pharmacology, nursing, phar-
macy technicians, physician assistants and to pre-pharmacy and pre-med students 
looking ahead to their professional program. It will be invaluable as refresher materi-
al when preparing for Board exams and licensure.
Educators: If you would like to receive a complimentary electronic copy of the Phar-
macy Calculations Workbook, email Dr. Ramanathan Murali @ Buffalo.Edu.
Discounted site licensing and library copy arrangements are also available. Contact 
Dr. Ramanathan Murali @ Buffalo.Edu.

USING THIS BOOK

This e-book is in interactive PDF format. Its interactive features are intended for use 
in Adobe Reader or Adobe Acrobat. The different chapters and sections can be ac-
cessed from the Bookmarks tab. 
The gray regions are spaces where the learner can enter notes or solve problems by 
typing. There are active links throughout the e-book that link to external information. 
These links require an internet connection to work. 
The answer key to the problems can be accessed by clicking on the adjacent green 
check box. The answers can be hidden by clicking in the answer key pop-up. 
In Chapter 10, information on the source ingredients can be obtained by hovering 
over the Info button. The information disappears when the mouse is not over the Info 
button. 
Use the Search option to find specific words or text. Be selective in printing as the 
e-book is over 900 pages long! 
Best wishes on your pharmacy calculations journey.
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CHAPTER 1
PRESCRIPTION INTERPRETATION
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Chapter 1 | The Anatomy of a Prescription
A prescription is a medical document containing orders from a physician or other 
qualified healthcare provider to a pharmacist with precise instructions on how to dis-
pense a drug product for an individual patient. It is an important document in the 
pharmacists' care process. The prescription has legal significance and enables the pa-
tient to purchase or obtain medications whose distribution is regulated by law. 
Patients may also receive prescriptions for laboratory tests, imaging services, medical 
devices such as prostheses, eyewear, syringes and monitoring instruments. 

Figure 1.1. The structure and organization of a prescription.

LEARNING OBJECTIVES
Given a prescription, the learner will be able to correctly:
• Expand abbreviations and interpret the instructions in prescriptions.
• Use abbreviations for communicating with health care professionals.
• Interpret information on product composition, drug dose and dosing regimen. 
• Interpret information for preparing and labeling pharmaceutical products.
• Instruct patients on using the prescribed product in lay language.
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The word prescription is constituted from “pre” which means “before” and “script” 
which means “writing”. Pharmacists often refer to prescriptions as “scripts”. A pre-
scription is often abbreviated by the symbol ℞ or simply by writing Rx. As shown in 
Figure 1.1, the content of a prescription consists of information on the prescriber, the 
patient, the drug preparation (the Inscription) as well as instructions for dispensing 
(the Subscription) and administering a drug (the Signature or Signa). The prescription 
may contain additional information, e.g., number of refills allowed. The term extempo-
raneous prescription is occasionally used to refer to drug preparations that have to be 
prepared by the pharmacist by compounding source ingredients.  
Prescriptions can be provided to the patient in handwritten or printed from a com-
puter on a prescription form. Prescriptions can also be directly communicated to the 
pharmacist via electronic mail, fax or phoned verbal instructions. 
The authority to prescribe is governed by state and national laws. Physicians have 
the broadest legal authority to write prescriptions. Physician assistants, nurse practi-
tioners, advanced practice nurses can also write prescriptions. Dentists, optometrists 
and veterinarians can write prescriptions that are related to their respective fields of 
practice. The prescription-writing legal authority of other licensed healthcare pro-
viders such as clinical psychologists, chiropractors, podiatrists, physiotherapists and 
clinical pharmacists varies by state and country.
Most prescriptions use abbreviations, some of which are derived from Latin words 
and phrases, as short hand. Because some abbreviations are ambiguous, consider-
ation of context and/or further clarification from the prescriber may be necessary to 
avoid error. The pharmacist may have to interpret terms that are technical in nature 
and counsel the patient in lay terms. A list of common abbreviations categorized into 
different groups is provided in Tables 1.1-1.7. 
The use of abbreviations, particularly in handwritten prescriptions, can sometimes 
result in medical errors. The Institute for Safe Medication Practices (https://www.
ismp.org), a non-profit organization that is devoted to preventing medication errors, 
publishes a list of error-prone abbreviations. Some of these prescription interpreta-
tion errors are summarized in Tables 1.8-1.12. 
Increasingly, prescriptions are being transmitted electronically between the prescrib-
ers and the pharmacy. The use of electronic-prescribing can reduce medication errors 
caused by poor or illegible handwriting on prescriptions and make the process more 
convenient and secure. It can also allow drug interactions to be identified more effec-
tively at the source. Electronic prescriptions (ePrescriptions) enable usage of stan-
dardized drug names and include drug identifiers that can reduce the risk that the 
wrong drug is dispensed by the pharmacy; ePrescriptions also incorporate unambig-
uous structured instructions for patients and electronic signatures.

https://www.ismp.org
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Table 1.1. Abbreviations for disease states and physiologic states.

Chapter 1 | Medical & Prescription Abbreviations

Term Meaning
ADHD Attention Deficit and Hyperactivity Disorder
AIDS Acquired immunodeficiency syndrome; caused by HIV
BM Bowel Movement
BP Blood Pressure
BPM Beats per Minute
CA Cancer, carcinoma
CAD Coronary Artery Disease
CHF Congestive Heart Failure
COLD/COPD Chronic Obstructive Lung/Pulmonary Disease
CVA Cerebral Vascular Accident, stroke
DM Diabetes Mellitus
FBS Fasting Blood Sugar; BS is sometimes used for blood sugar.
GERD Gastro-esophageal Reflux Disease
GI Gastrointestinal
ESRD End Stage Renal Disease
HA Headache
HBP, HTN High Blood Pressure, Hypertension
HIV Human immunodeficiency virus; the cause of AIDS
HR Heart Rate
MI Myocardial Infarction, heart attack
NKA/NKDA No Known Allergies/No Known Drug Allergies
N&V, N/V Nausea and Vomiting
OA Osteoarthritis
RA Rheumatoid Arthritis
RR Respiration Rate
SOB Shortness of Breath
T2D, T2DM Type 2 Diabetes Mellitus
Temp Body Temperature
URI Upper Respiratory Infection
UTI Urinary Tract Infection
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Table 1.2. Abbreviations for dosage forms.

Term Meaning
amp. Ampule. A hermetically sealed glass vessel containing a sterile drug solu-

tion usually used parenteral administration. The ampule is broken and 
the solution drawn into a syringe under aseptic conditions just prior to 
administration.  Ampules are always single dose units.

cap. Capsule. A shell usually made of gelatin that contains the active ingredi-
ents in powder or liquid form. When the capsule is swallowed, the gelatin 
dissolves in the acid environment of the stomach releasing the material 
inside. 

chart A divided powder, powder in a paper. The drug or drug mixture is 
wrapped in folded paper. The patient unfolds the paper and transfers the 
contents to a tablespoon or a glass and dissolves the contents in water.  
This solution is swallowed and washed down with water.  Archaic dosage 
form.

cr., crm. Cream. A semisolid preparation containing drug intended for application 
to body surfaces like the skin. Creams are heterogenous systems (an oil 
in water mixture) whose continuous phase is either aqueous or water 
soluble. Creams absorb into the skin leaving a little oily residue.

DR Delayed release, a suffix for tablet, capsule (or other dosage form) that 
releases drug after a time delay.

elix. Elixir. An oral solution containing drug, water, and some alcohol.  When 
the active ingredients are dissolved exclusively in alcohol the dosage 
form is called a Spirit.

emul. Emulsion. A liquid, heterogenous dosage form in which a liquid oil is usu-
ally dispersed in a continuous aqueous phase. Usually the drug is dis-
solved in the internal oil phase. When an emulsion is used topically it is 
frequently called a lotion. Topical lotions may also be suspensions.

Liq., liq. Liquid, usually a Solution.
Lot., lot. Lotion. A lotion is a suspension that is applied topically. 
Parenteral Parenteral is used to indicate routes of administration other than the gas-

trointestinal tract
Pill Pills are a solid dosage form that are not commonly used anymore, and 

have a round shape. Exception: Colchicine is dispensed as pills).
pulv., pulvis A bulk powder. Applied directly to the skin from the container.
sol. Solution. A solution of drug usually in water.  May be taken by mouth or 

applied to skin depending on indication.
supp., sup., 
suppos

Suppository. Firm semisolid dosage forms that are inserted into a partic-
ular body opening. Rectal and vaginal suppositories are most common. 
The semi-solid vehicle melts at body temperature releasing drug. 
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Table 1.11. Errors caused by misinterpretation of abbreviations.

Term Intended Misinterpretation Correction

µg Microgram Mistaken as “mg” Use “mcg”
AD, AS, AU Right ear, left ear, 

each ear
Mistaken as OD, OS, OU 
(right eye, left eye, each eye)

Use “right ear,” “left ear,” 
or “each ear”

OD, OS, OU Right eye, left eye, 
each eye

Mistaken as AD, AS, AU 
(right ear, left ear, each ear)

Use “right eye,” “left 
eye,” or “each eye”

BT Bedtime Mistaken as “BID” (twice 
daily)

Use “bedtime”

cc Cubic centimeters Mistaken as “u” (units) Use “mL”
D/C Discharge or dis-

continue
Premature discontinuation 
of medications if D/C (in-
tended to mean “discharge”) 
has been misinterpreted as 
“discontinued” when fol-
lowed by a list of discharge 
medications

Use “discharge” and 
“discontinue”

IJ Injection Mistaken as “IV” or “intrajug-
ular”

Use “injection”

IN Intranasal Mistaken as “IM” or “IV” Use “intranasal” or 
“NAS”

HS Half-strength Mistaken as bedtime Use “half-strength” or 
“bedtime”

hs At bedtime, hours 
of sleep

Mistaken as half-strength Use “half-strength” or 
“bedtime”

IU** International unit Mistaken as IV (intravenous) 
or 10 (ten)

Use “units”

o.d. or OD Once daily Mistaken as “right eye” 
(OD-oculus dexter), leading 
to oral liquid medications 
administered in the eye

Use “daily”

Chapter 1 | Error Prone Abbreviations

The use of abbreviations can sometimes lead to medication errors because some sym-
bols can be wrongly interpreted particularly on handwritten prescriptions. The Insti-
tute for Safe Medication Practices publishes a list of error-prone abbreviations along 
with corrections that could help reduce the risk of errors..

http://www.ismp.org
http://www.ismp.org
https://www.ismp.org/recommendations/error-prone-abbreviations-list
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Chapter 1 | Problem 1

Interpret the following abbreviations.

a. TID

b. QOD

c. HS

d. PC

e. PRN
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Chapter 1 | Problem 3

Interpret the medication orders.

a. MOM 1 tbsp. PO TID GERD

b. Vancomycin 250 mg IVPB over 60 min Q 6 H

c. Gentamicin sol. 2 gtt OU Q3H x2d, QID x5d

d. Humalog 3 U SQ 10 min. ACS FBS >200 mg/dL

e. Metaproterenol MDI disp IOP 2p PO q4h PRN SOB
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Chapter 1 | Problem 16

Interpret the medication orders.

a. 2sl bid

b. 1 tab PO Q4H PRN

c. 2GTTODQOD

d. Withdraw 0.5 ml sol from 20,000 U epoietin vl with syr. Inj sc tiw 
AIDS anemia.

e. 2 p q 4h prn SOB URI
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Chapter 1 | Problem 17

Transcribe the following directions into  prescription shorthand.

a. Ampicillin 250 mg intravenous piggy back to be given over 30 min-
utes every 6 hours.

b. Take 2 teaspoons of Robitussin syrup four times a day by mouth. No 
more than  6 doses per day.

c. Apply tincture benzoin liquid to affected area two times two times 
daily.

d. Take  one valproic acid 500 milligrams extended-release capsule by 
mouth once daily.

e. Mix 1 cubic centimeter of drug preparation with water. Administer 
4 times a day for urinary tract infection.



Chapter 1 | Problem 33

Interpret this prescription.

The Pharmacy Calculations Workbook

Page 58



Chapter 1 | Problem 152

Interpret this prescription.
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CHAPTER 2
SIGNIFICANT FIGURES
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Chapter 2 | Significant Figures
A significant figure conveys an estimate of measurement accuracy to the reader.  It 
lets you say what you mean and mean what you say about numbers. 
In the significant figures convention, measurements are always expressed with enough 
digits so that only the last digit has any uncertainty.
You must discriminate between decimal places and significant figures. For example, 
the number 12.34 has four significant figures but only two decimal places. Remember, 
your calculator knows more about decimal places and you know more about signifi-
cant figures. 
For example, consider the value 12; if it is expressed as 1.2 × 101 or 12, the author 
implies that the actual value is greater than 11.5 and less than 12.5.  It has two signif-
icant figures.  If the same number is written as 1.20 × 101 or 12.0, the author implies 
that the actual value is greater than 11.95 and less than 12.05.  This representation 
has three significant figures.

RULES FOR DETERMINING SIGNIFICANT FIGURES
• Zeroes to the left of the first non zero digit are not significant. Thus, 0.00123 

and 0.123 both have three significant figures.
• Zeroes to the right of the decimal point are significant if the decimal point is 

preceded by a non zero integer. Thus, 1.0 has two significant figures and 1.00 
has three significant figures.

• Zeroes to the right of the last non zero digit in a whole number can be ambigu-
ous.  For example, it is hard to tell whether 123000 has three significant figures 
or six.  To clear up the ambiguity, use exponential notation. Write 1.23 × 105 if 
you want the number to have three significant figures; 1.230 × 101 for four and 
so on.

LEARNING OBJECTIVES
The learner will be able to correctly:
• Explain the relationship of significant figures to measurement accuracy.
• Illustrate the differences between decimal places and significant figures.
• Infer the significant figures in any numerical variable of interest. 
• Carry out arithmetic operations with significant figures.
• Apply significant figures principles to real-world pharmacy calculations.
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Chapter 2 | Problem 5

Read off the volumetric measurements indicated at the lines of the two droppers 
and measuring cup. Read the measuring cup on both the dram and ounce scales.

a.

b.

c.
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Chapter 2 | Problem 8

a. The stadiometer is a device used to measure height of patients in caregivers’ of-
fices.  Read the height of this child to the correct number of significant figures.

b. Read the weight of the same child to the correct number of significant figures on 
the scale below.

c. The body mass index (BMI), a measure of obesity, is the ratio of weight to height 
squared. The BMI formula and numerical value obtained from a calculator are 
shown below. Write the BMI to the correct number of significant figures.

BMI = (Weight in kg)/(Height in m)2 = 37.6742686 kg/m2
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CHAPTER 3
UNITS & CONVERSIONS
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Chapter 3 | Metric System
The metric system is the most widely used system of units in pharmacy and pharma-
ceutical sciences. 
The International System of Units or SI system provides the units for physical mea-
surements. The SI system of units is also known as the metric system. All units in 
the SI system are derived from seven base units: Length, Time, Mass, Amount of sub-
stance, Electric current, Temperature and Luminous intensity. Table 3.1 summarizes 
the units and their abbreviations. This workbook assumes that you are familiar with 
the metric system. Metric units are usually used in conjunction with suffixes whose 
magnitudes are summarized in Table 3.2. 

Quantity SI Unit Abbreviation
Length Meter m
Time Second s
Mass Kilogram kg
Amount of substance Mole mole
Electric current Ampere A
Temperature Kelvin K
Luminous intensity Candela cd

Table 3.1. The seven base units of the SI system.

The United States has not adopted the metric system as its official system of weights 
and measures. However, the metric system was designated as the "preferred system 
of weights and measures for trade and commerce" in the Omnibus Trade and Com-
petitiveness Act of 1988 (see this article). Adoption of the metric system in the United 
States has generally lagged.

LEARNING OBJECTIVES
The learner will be able to correctly:
• Recognize the systems of measurement used in pharmacy calculations.
• Interpret information in metric, apothecaries’ and avoirdupois systems.
• Recall the units and exact conversions within each system of measurement. 
• Recall approximate conversions between the various measurement systems 

and inter-convert units of measure of one system to another system.
• Utilize unit conversions for pharmacy calculations. 

https://www.nist.gov/pml/weights-and-measures/metric-si/si-units
https://en.wikipedia.org/wiki/Metre
https://en.wikipedia.org/wiki/Second
https://en.wikipedia.org/wiki/Kilogram
https://en.wikipedia.org/wiki/Mole_(unit)
https://en.wikipedia.org/wiki/Ampere
https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/Candela
https://en.wikipedia.org/wiki/Metrication_in_the_United_States
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Chapter 3 | Apothecaries System of Weight & Volume
The apothecaries system defines units for weight and volume measures. The apothe-
caries system was historically used by physicians and pharmacists for prescriptions. 
Today, there is only limited use of the apothecaries units of weight in pharmacy but 
these units of weight do show up occasionally. When present, apothecaries units gen-
erally occur in the superscription (recipe) section of a prescription. However, the dos-
age forms of some commonly used medications are the result of a metric conversion 
of a apothecary unit. For example, 325 mg acetaminophen dosage forms correspond 
to 5 grains and 81 mg aspirin corresponds to 1¼ grains.  
Table 3.4 summarizes the apothecaries units for weight, which are the grain, scru-
ple, dram, ounce and pound, and the corresponding conversion factors. The apothe-
cary grain equals the avoirdupois grain. However, the apothecary ounce and apothe-
cary pound are quite different from their avoirdupois counterparts. For example, the 
apothecary pound is 5760 grains whereas the avoirdupois pound is 7000 grains. 
The apothecaries units of volume or fluid measure (Table 3.5) are the minim, fluid 
dram, fluid ounce, pint, quart and gallon. Apothecaries volume measures continue to 
be widely used in U.S. commercial settings.

Quantity Abbreviation Conversion factor
Grains gr –
Scruple sc, ℈ 1 sc = 20 grains
Dram or drachm ʒ, ʓ, dr 1 dr  = 3 sc = 60 gr
Apothecary ounce ℥, oz, oz apoth 1 oz = 8 dr  = 24 sc = 480 gr
Apothecary pound ℔, apoth lb 1 ℔ = 12 oz = 96 dr  = 288 sc = 5760 gr

Table 3.4. Apothecaries units of weight and their conversion factors.

An interesting tidbit. From a physics perspective, the avoirdupois pound is a unit of 
force. The unit of mass corresponding to the avoirdupois pound under standard grav-
ity is called a slug. 

Quantity Abbreviation Conversion factor
Grains gr –
Avoirdupois ounce oz, oz avoir. 1 oz avoir. = 437 ½ gr
Avoirdupois pound lb 1 lb = 16 oz avoir. = 7000 gr

Table 3.4. Avoirdupois units and their conversion factors.
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Chapter 3 | Problem 1

Indicate whether the unit on the left is greater than, less than or equal to the unit 
on the right.

a. 1 mcg is 1 mg

b. 1 meter is 3 feet

c. 1 ml is 1 × 10–3 liter

d. 1 lb apothecary is 1 lb avoirdupois

e. 1 grain apothecary is 1 grain avoirdupois

f. 1 ounce apothecary is 1 ounce avoirdupois

g. 100°C is 200°F

h. 1 scruple is 1 dram apothecary

i. 1 fluid ounce is 10 ml

j. 1 minim is 1 ml

k. 1 grain is 1 mg

l. 1 lb avoirdupois is 1 kg
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Chapter 3 | Problem 3

Write the conversion factors for the units on the right in terms of the units on the 
left. Answer to four signficant figures.

a. 1 m  = in

b. 2 oz. avoir = g

c. gr i = mg

d. f ℥i = ml

e. 1 kg = lb avoir.

f. f ℥ xvi = O.

g. 1 lb avoir = gr

h. 8 fʓ = minim

i. 1 lb apoth = gr

j.  ℈ v = gr
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Chapter 3 | Problem 10

Write the conversion factors for the units on the right in terms of the units on the 
left. Answer to four signficant figures.

a. 10 mcg = milligrams

b. 10 g = grains

c. 10 grain apoth = grains avoir

d. 10 cm = decimeters

e. 20 kg = lb avoir

f. 20 fl. dr.= minims

g. 120 gr = sc

h. 12 oz apoth = lb apoth

i. 12 oz avoir = lb avoir

j. 20 fluid ounces = ml

k. 30 minims = fl dr

l. 1 fl. oz.  = liters

m. 37°C = K
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Chapter 3 | Problem 22

Using an apothecary weight box. An apothecary weight box consists of the set of 
weights shown below. Identify the apothecary weights you would select for the 
amounts to be weighed in the problems that follow.

a. A prescription calls for the preparation of 1620 mg of phenobarbital. Iden-
tify the possible apothecary weights for weighing the phenobarbital.

b. A prescription calls for the preparation of aspirin: 10 doses of 750 mg 
aspirin per dose. Identify the possible apothecary weights for weighing the 
total amount of aspirin.

c. A prescription calls for the preparation of 900 mg of phenobarbital. Identi-
fy the possible apothecary weights for weighing the total amount of aspirin.
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Chapter 3 | Problem 25

a. Convert the amount of nitroglycerin present in 1 tablet into micrograms? 
Answer to four significant figures. 

b. Convert the highest recommended storage temperature for this product 
into °F. 

c. Convert the highest recommended storage temperature for this product 
into Kelvin. 
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CHAPTER 4
DOSING
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Chapter 4 | What is Dose?
Dose is the amount of drug administered and is usually expressed as a mass of drug. 
Occasionally, the amount of drug is expressed terms of moles or equivalents but mass 
units are more frequent. 
The single dose is the amount of drug administered during one dosing event. Analo-
gously, daily dose and total dose represent the cumulative dose administered during 
a one-day period and in the overall dosing regimen, respectively. 
The usual adult dose is the amount of drug that may be expected produce the intend-
ed effect in adults. Likewise, the usual pediatric dose is is the amount that may be 
expected produce the intended effect in children. The usual dosage range represents 
the amounts that may be prescribed within the guidelines of medical practice. These 
terms are uncomplicated extensions of dose.
As a future pharmacists and pharmaceutical scientists, you should be able to clearly 
distinguish between dose and dosage form. Dosage forms are preparations contaning 
drug. A given dose may be administered in a variety of dosage forms. For example, a 
dose of 100 mg can be administered as a solution, a tablet or capsule, etc. The solu-
tion, tablet and capsule are different dosage forms.

There is nothing more central to the everyday practice of pharmacy and pharmaceu-
tical sciences than dose and the optimization of dosing regimens. 
The goal of dosing is to produce the desired effect for the desired period of time. Dose 
is the primary lever available to the healthcare provider that is capable of controlling 
the concentration of drug in blood. 

Chapter 4 | Why Bother with Dosing?

LEARNING OBJECTIVES
The learner will be able to correctly:
• Explain and apply concepts of dose, dosage form, and route of administration.
• Conduct dosing calculations using common household measures.
• Infer the significant figures in any numerical variable of interest. 
• Conduct dosing calculations based on body weight and body surface area.
• Integrate patient and prescription information for dosing calculations.
• Evaluate dosing regimens for drug dose-related safety 
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Intrasosseus: Into the bone marrow. It is used as an alternative to intravenous admin-
istration because the bone marrow is continuous with the venous circulation. It is 
used in young children when an intravenous site is difficult to locate. The injection is 
usually into the tibia. 
Intraarterial: Into the artery. Anti-thrombolytic drugs used to clear arterial blockage 
caused by clots in the brain resulting from stroke are administered intraarterially. 
Intrasynovial, Intrarticular: Both involve injections into joint. In intrasynovial admin-
istration, the drug is administered into the synovial cavity of the joint. For example, 
corticosteroids are injected into joints for treating conditions such as carpal tunnel 
syndrome and arthritis.
Intraperitoneal: Into the peritoneal cavity of the abdomen. Peritoneal access is used 
for peritoneal dialysis, for treatment of ovarian cancer and in veterinary medicine.

Route Absorption Advantages & Disadvantages
Intravenous Absorption barriers bypassed. 

Immediate effects possible. 
Large volumes can be given. 
Dose and effect can be titrated

Aqueous solutions or emulsions 
only.
No suspensions or oily 
preparations. 
Increased risk of adverse effects.
Trained personnel needed

Subcutaneous Prompt absorption from 
solution. 
Slow and sustained release 
possible from special 
formulations. 
Okay for some insolubles 
and solid pellets, and oily 
preparations.

Small volumes.
Pain, irritation, necrosis.

Intramuscular Similar to as subcutaneous. Moderate volumes (2.5 ml max 
for adults). 
Some irritating drugs can be 
dosed.

Oral Slower and more variable. Convenient, economical. 
Safer. 
Cannot be used for protein and 
other drugs that degraded in the 
gastrointestinal tract and liver.

Table 4.1. Pros and cons of oral vs. different parenteral routes.
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Total body weight is generally useful for many drugs that are hydrophobic. These 
drugs distribute into body fat and blood concentrations can be sub-therapeutic if the 
dose is not adjusted.
Lean body mass has been recommended for individualizing dosage of many hydro-
philic drugs that require adjustment in obesity. This is because the distribution of 
hydrophilic drugs is relatively unaffected by the presence of excess fat tissue, which 
has relatively low fat content. Furthermore, the clearance of drugs occurs in lean body 
tissues. Examples of drugs for which lean body mass has been recommended include 
low molecular weight heparins (e.g., enoxaparin), digoxin, lithium and contrast agents 
for imaging.  
Dosing calculations with total body weight or lean body mass are relatively uncompli-
cated. They simply require multiplication of the dose per unit of body weight (or dose  
per unit of lean body mass) by total body weight (or lean body mass).

The body surface area method is widely used for individualizing doses in children and 
adults. Chemotherapy agents are frequently dosing using body surface area. 
The utility of body surface area as a basis for dose individualization is likely because it 
to correlates with factors such as blood volume, cardiac output and renal glomerular 
filtration rate that affect drug disposition. 

Chapter 4 | Individualizing Dosage: Body Surface Area

BODY SURFACE AREA
• Body surface area can be computed from total body weight and height.

• The average body surface area of an adult is 1.73 m2. 

• Child's dose can be estimated as follows:

Body surface area is difficult to measure but can be estimated from height and weight 
using empirical equations. The Dubois and Dubois formula (Archives of Internal Med-
icine, 1916;17:863-71) and Mosteller formula (New England Journal of Medicine, 
1987;317:1098) are the two most commonly used approaches. The Mosteller formula 
is simpler than the Dubois and Dubois formula. However, as shown in Figure 4.5, both 
give similar results over a broad range of height and weight.

https://doi.org/10.1001%2Farchinte.1916.00080130010002
https://doi.org/10.1056%2FNEJM198710223171717
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Chapter 4 | Problem 1

a. What is the dosage form, what is the route of administration?  

b. How much is phenobarbital is in a single dose? 

c. What is the daily dose of phenobarbital, in mg?
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Chapter 4 | Problem 8

a. What instruction would you give the patient?  

b. What is the daily dose of cefprozil? 

c. How much cefprozil suspension would you dispense?
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Chapter 4 | Problem 15

a. You have compounded the Prescription A and have excess capsules pre-
pared. Soon afterward, you are asked to attend to Prescription A. Could 
you dispense the previously compounded capsules from Prescription A for 
the patient Prescription B, all other considerations allowing? Justify your 
answer with calculations.  
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Chapter 4 | Problem 18

a. What instructions would you give the patient?  

b. What is the dosage form?  What is the route of administration? What is the 
volume administered for each dose?

c. Calculate the single dose of acetaminophen.
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CHAPTER 5
CONCENTRATION
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Chapter 5 | Definition of Concentration
Concentration is the amount of drug (or ingredient of interest) per unit of preparation. 
Many different approaches are used in pharmacy and pharmaceutical sciences for 
expressing concentration. These approaches share a common conceptual framework 
and much of this Chapter will focus on the inter-conversions and inter-relationships 
between the different approaches.

The concept of percentages is familiar to most and their use is ubiquitous in everyday 
life. Percentages are a way to represent numbers and are particularly useful for frac-
tions. A percentage represents the number of parts per 100 parts total. The denomi-
nator of the fraction is standardized to 100. 
Percentages are frequently used to represent concentrations in pharmacy and phar-
maceutical sciences. While the general concept of percentages is essentially the same, 
there are some nuances that will be highlighted.  

Chapter 5 | Percent Strength

CONCENTRATION DEFINITION

• Note that the denominator in the definition of concentration refers to the 
preparation, not the solvent or diluent. Concentration definitions in pharmacy 
and pharmaceutical sciences use this convention.

• For clarity, we will use the word “amount” to refer to the drug and the word 
“quantity” to refer to the preparation. The words amount and quantity howev-
er, are often used equivalently in their everyday usage.

LEARNING OBJECTIVES
The learner will be able to correctly:
• Explain the different units of concentration.
• Conduct dosing calculations using different units of calculations.
• Solve problems that require inter-conversion between concentration units. 
• Extract dosing and compounding information from prescriptions containing a 

variety of concentration units.



The Pharmacy Calculations Workbook

Page 341

What are the changes? 

The FDA is requiring removal of ratio expressions of strength 
from the drug labeling of single-entity injectable drug products 
(i.e., drug products that contain only one active ingredient). 
Strength will be expressed only as the amount per unit of 
volume (i.e., mg/mL). 

This revision affects Epinephrine 
Injection, Isoproterenol 
Hydrochloride Injection, and 
Neostigmine Methylsulfate 
Injection. 

IMPORTANT LABELING CHANGES 
TO CRITICAL CARE MEDICATIONS 

1m
g/m

L

Epinephrine Injection, USP 

Isoproterenol Hydrochloride 
Injection, USP 

Neostigmine Methylsulfate  
Injection, USP 

ESTABLISHED 
NAME 

RATIO AMOUNT PER 
UNIT OF VOLUME 

1:1,000 1 mg/mL 
1:10,000 0.1 mg/mL 

1:5,000 0.2 mg/mL 

1:1,000 1 mg/mL 
1:2,000 0.5 mg/mL 

Downloaded from https://www.fda.gov/media/105663/download
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Chapter 5 | Problem 16

a. Epinephrine hydrochloride for injection is available as a 1:10000 solution. 
What is the concentration of epinephrine hydrochloride in this solution in 
percent w/v? 

b. What is the concentration of 1: 10000 epinephrine hydrochloride in mg/
ml? 

c. What is the initial dose of epinephrine hydrochloride in mg? How many ml 
of epinephrine hydrochloride are needed for each dose?
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Chapter 5 | Problem 30

a. Thiotepa is a crystalline solid freely soluble in water.  Assume the volume 
change on dissolution is negligible. Determine the concentration of thiote-
pa in mg/ml. 

b. Determine the concentration of thiotepa in % w/v? 

c. Determine the concentration of thiotepa in grams/liter?
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Chapter 5 | Problem 91

a. What is the concentration of Marcaine® (bupivacaine hydrochloride) and 
epinephrine in the solution in grams per liter? 

b. What is the concentration of Marcaine® (bupivacaine hydrochloride) and 
epinephrine in the solution in percent strength? 

c. What is the concentration of Marcaine® (bupivacaine hydrochloride) and 
epinephrine in the solution in microgramps per milliliter?
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CHAPTER 6
CHEMICAL CALCULATIONS
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Chapter 6 | Chemical Calculations
Chemical calculations are essential for calculating concentrations of active moieties in 
many pharmacy and pharmaceutical sciences settings. For example, treating iron-de-
ficiency in anemia or providing the calcium supplementation needed for healthy bone 
growth, is done by using compounds, mainly salts, containing iron or calcium. These 
compounds can be viewed as preparations that contain the drug (i.e., iron or calcium) 
of interest. Assessing the dosage of drugs that neutralize toxins by binding or through 
chemical reactions also requires chemical calculations. Chemical calculations in molar 
and equivalents systems are widely used in the context of drug preparations used as 
supplements, intravenous fluids and for treating acid-base and osmotic imbalances.

"ELEMENTARY" CHEMISTRY

• Atoms consists of positively charged protons, uncharged neutrons and neg-
atively charged electrons. Protons and neutrons are packed in the nucleus, 
which is a miniscule part (~1/100,000) the size of the atom.

• The atomic number, the number of protons, determines the chemical charac-
teristics of an element. In an uncharged atom, the number of electrons equals 
the number of protons. Electrons are involved in chemical bonding.

• Atomic mass is overwhelmingly from neutrons and proton since electrons 
have negligible mass, 1/1836 that of a proton. The dalton is the unit of atomic 
mass and is denoted by the symbol Da. 1 dalton equals 1/12 of the mass of one 
carbon-12 atom. The approximate mass of a proton or neutron is 1 dalton. 

• Atomic mass is obtained by summing the number of protons and neutrons. 
The isotopes of an element have the same number of protons but differ in the 
number of neutrons and in atomic mass. 

LEARNING OBJECTIVES
The learner will be able to correctly:
• Explain the differences between the molar system and the equivalent system.
• Convert between units of concentration such as mg/ml, percentage strength, 

etc. and chemical units of concentration such as molarity and normality. 
• Conduct dosing calculations involving elemental analysis.
• Solve dosage calculations involving chemical reactions, e.g., neutralization ca-

pacity of antacids, the binding of antisera, and monoclonal antibodies.
• Solve concentration and dosing problems for gases using the ideal gas law.
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Some crystalline salts have associated water of hydration. In equivalent weight cal-
culations, the water of hydration contributes to the molecular weight but not to the 
number of bonds formed. 
Equivalent weight is used as conversion factor to convert amounts in mass units to 
amount in equivalents (Eq):

The unit of concentration in the equivalent system is equivalents per liter, which is 
referred to as normality and abbreviated N. The definition of normality parallels that 
of molarity in the molar system:

Many pharmacy dosing calculations involving chemical reactions and electrolytes are 
simplified because easy-to-use one-to-one relationships can be used once concentra-
tions and amounts are expressed in the equivalent system. These unique relation-
ships in equivalent system are summarized below. 

UNIQUE RELATIONSHIPS IN THE EQUIVALENT SYSTEM

• Chemical compounds involve equal numbers of equivalents of each chemical 
constituent. 

• For example, x equivalents of calcium chloride (CaCl2) contain x equivalents 
of chloride ion, and x equivalents of calcium ion. However, x moles of calcium 
chloride contains x moles of calcium and 2x moles of chloride ion.

• Chemical reactions involve equal numbers of equivalents of each chemical 
species. The equivalents of reactants consumed and equivalents produced by 
the reaction are the same.

• For example, if x equivalents of calcium ion are reacted with x equivalents 
of chloride ion, you will obtain x equivalents of calcium chloride. However, x 
moles of calcium ion will yield x/2 moles of calcium chloride, when reacted 
with x moles of chloride ion. 

For ionic compounds, the number of bonds is the magnitude of charge present on all 
the cationic (or anionic species). So the number of bonds in sodium chloride (Na+Cl–) 
is 1 and the number of bonds in sodium sulfate (Na2

+(SO4)2–) is 2. Iron(II) sulfate or 
ferrous sulfate, Fe2+(SO4)2– is assigned 2 bonds whereas iron(III) sulfate or ferric sul-
fate, Fe2

3+(SO4)3
2– , is assigned a 6 bonds because there are 2 iron(II) ions each with 

3 charges. Bond calculations with the corresponding anionic species yield the same 
value.  
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Oxygen and carbon dioxide are gases that are critically important in physiology. Ox-
ygen is used therapeutically to treat many lung diseases and conditions where the 
oxygen saturation of blood are reduced. Carbon dioxide is also central to acid-base 
balance of blood to maintain pH homeostasis. The bicarbonate and carbonic acid pro-
duced by the reaction of carbon dioxide with water form a buffer system. A knowl-
edge of gas calculations is central to understanding respiratory therapy. 
Gas calculations are also important for characterizing environmental exposures such 
as those from carbon monoxide from home heating system failures, toxic gases in in-
dustrial settings and other air pollutants such as radon.
Inhalation anesthetics are administered as gas mixtures and are used for are used for 
induction and maintenance of general anesthesia in the operating room. Examples of 
such anesthetics are: nitrous oxide, halothane, isoflurane, desflurane and sevoflurane. 
Halothane, isoflurane, desflurane, and sevoflurane are volatile liquids (with boiling 
points ranging from 22.8°C for desflurane to 58.5°C for sevoflurane) at room tempera-
ture and vaporized prior inhalational administration for anesthesia. 
Many volatile pyschoactive substances with addictive or abuse potential, e.g., nicotine 
from tobacco and cannabinoids from marijuana, are converted to gases when smoked 
or vaped by users.
This chapter builds concentration and dosing concepts for gases and gas mixtures.

Chapter 6 | Gases: Concentration & Dosing Concepts

Chapter 6 | Ideal Gas Law

IDEAL GAS LAW

PV = nRT

• P, V and T are the pressure, volume and absolute temperature respectively. n is 
the number of moles and R is the gas constant.

• The ideal gas law assumes that the volume of gas molecules is negligible. The 
the inter-molecular collisons between molecules are elastic, i.e., the attractive 
or repulsive forces between gas molecules are neglected.

• Real gases approximate ideal gas behavior at low pressures and high tempera-
tures.
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Chapter 6 | Problem 5

a. What is the number of bonds corresponding to dried ferrous sulfate. What 
is the equivalent weight of dried ferrous sulfate?

b. Calculate the iron content of dried ferrous sulfate in grams of iron per gram 
of dried ferrous sulfate.

c. Calculate the iron content in mg per tablet. What instructions would you 
give the patient?

Dried ferrous sulfate has the formula FeSO4·7H2O and its molecular weight is 170 Da.
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Chapter 6 | Problem 17

a. What is concentration of sodium chloride (Na+Cl–) in millimoles per ml? In 
milliequivalents per ml?

b. What is the concentration of potassium chloride (K+Cl–) in mg/ml?

c. What is the concentration of potassium ion in mg/ml?
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Chapter 6 | Problem 41

a. Calculate the concentration of lithium (Li+) ion in this oral solution in per-
cent strength.

b. The lithium ion in this oral solution is derived from lithium carbonate 
(Li+

2(CO3)2–. Calculate the lithium carbonate concentration in mg per ml.

c. Lithium carbonate reacts with hydrochloric acid in gastric juice. The con-
centration of hydrochloric acid in gastric juice in 75 mM. Calculate the 
volume of gastric juice neutralized by the 1 teaspoon of solution.
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Chapter 6 | Problem 76

a. You have 500 moles of air.  Assume air contains 80% v/v nitrogen and 20% 
v/v oxygen.  Calculate the number of moles of oxygen present.

b. Lois Lane and Superman marry and decide to move to the planet Krypton. 
The atmosphere is in Krypton consists of pure krypton gas (molecular 
weight 83.8). What is the volume of 83.8 grams of krypton at STP?

c. Oxygen (O2) has a molecular weight of 32 Da.  What volume would 320 
grams of oxygen occupy at standard temperature and pressure?
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Chapter 6 | Problem 79

a. Calculate the molecular weight of the gas mixture.

b. How many moles of halothane would be present in 2241 Liters of gas mix-
ture at standard temperature and pressure (0°C, 1 atmosphere pressure)?

c. How many grams of halothane are present in 2241 Liters of the anesthetic 
gas mixture at standard temperature and pressure?

Halothane has a molecular weight of 197 Da. Nitrous oxide (N2O) has molecular 
weight of 44 Da and oxygen (O2) has a molecular weight of 32 Da.  
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CHAPTER 7
INFUSIONS
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Chapter 7 | Infusions
Infusions are dosing regimens in which the drug is continuously administered over a 
period of time to a patient.
Infusions are frequently administered intravenously, although oral and transdermal 
infusion routes may be appropriate for certain clinical situations and drugs. For ex-
ample, individuals who are unable to swallow may receive medications via an oral 
feeding tube. Likewise, transdermal patches deliver drug continuously over time. 
Intravenous infusions require supervision and are generally administered in health 
care settings such as hospitals and infusion centers at physicians’ offices. 
Calculations of infusions is very similar to that of discrete dosing. The apparent com-
plexity is caused by the introduction of time as an additional variable. The other factor 
contributing to the apparent complexity of infusion calculations is that intravenously 
infused drugs are always administered in a solution such as D5W, normal saline. Infu-
sion calculations generally contain specific instructions on how the infusion fluid is to 
be prepared for administration.

INFUSION CALCULATIONS

• The infusion flow rate is the quantity of infusion fluid (i.e., the drug prepara-
tion) per unit time. 

• The drug flow rate is the amount of drug administered per unit time.

• Here are the equations for calculating drug dosage for infusions.

Dose = Drug flow rate × Time

Drug flow rate = Infusion flow rate × Concentration

LEARNING OBJECTIVES
The learner will be able to correctly:
• Explain the differences between discrete dosing and infusions.
• Explain the different routes of administration for infusions and the different 

intravenous infusion sites. 
• Conduct infusions calculations to obtain dose, drug flow rate, infusion flow 

rate and infusion time.
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Chapter 7 | Problem 3

a. What is the initial drug dosing rate in mg/min?

b. What is the initial infusion rate in ml/min?

c. If the patient does not respond to the treatment at the initial dose, what 
action would you take? Calculate the new infusion rate in ml/min and the 
drug dosing rate in mg/min?
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Chapter 7 | Problem 16

a. How much heparin sodium solution for parenteral injection should be in-
jected immediately? What is the total dose of heparin sodium?

b. What is the heparin sodium flow rate? If the specific activity of heparin 
sodium is 150 units/mg, what is the heparin flow rate in mg/min?

c. What is the infusion flow rate? What is the volume of the heparin sodium 
solution is used up during the infusion?



The Pharmacy Calculations Workbook

Page 577

Chapter 7 | Problem 25

a. What is the concentration of trastuzumab in the infusion fluid for the load-
ing dose?

b. What is the drug flow rate during a loading dose? What is the infusion flow 
rate?

c. What is the total dose in the entire chemotherapeutic regimen?
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Chapter 7 | Problem 34

a. What is the sodium lactate dose in grams?

b. What is the sodium lactate dose flow rate?

c. Calculate the sodium ion in flow rate from the sodium lactate infusion.

Sodium lactate (Na+(C3H5O3)–, molecular weight 112 Da) is used for treating acidosis.
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Chapter 7 | Problem 39

a. What dose sulfamethoxazole does the patient receive in mg/(kg day)?

b. What is the concentration of trimethoprim in the infusate? Don’t ignore the 
added concentrate volume. What is the flow rate of trimethoprim?

c. What is the infusion flow rate? How much D5W is required for a single 
dose?

Co-trimoxazole is a combination of two antibiotics: trimethoprim and sulfamethox-
azole. The parenteral concentrate contains 16 mg/ml trimethoprim and 80 mg/ml 
sulfamethoxazole. Co-trimoxazole dosage is expressed in terms of trimethoprim.
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CHAPTER 8
MINIMUM WEIGHABLE QUANTITY
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Chapter 8 | Minimum Measurable Quantity
All measurements are associated with measurement error. Weight and volumetric 
measurements in pharmacy and pharmaceutical sciences are no exception.
Pharmacists aim to control the maximum errors in compounded preparations to 5% 
or less by convention. The fractional error is the ratio of the error to the magnitude of 
the measurement. The percent error is the fractional error expressed as percentage. 
For a given or constant level of measurement error, the percent error decreases as the 
magnitude of the measured quantity increases. Conversely, percent error increases 
when the magnitude of the measured quantity decreases. 
Minimum measurable quantity is usually described in the context of the Class A Pre-
scription balance as dispensing pharmacies were required to have such a balance 
available. The Class A balance (also referred to as Class III) is a two-pan balance with 
the pans are connected by a lever poised on a fulcrum. The material to be weighed is 
placed on one pan (generally the left) and known weights are sequentially added to 
the other pan until the balance is in equipoise. A proper set of quality weights is need-
ed to operate a Class A balance. Most prescription weight boxes have both metric and 
apothecary weights. The weights must handled with forceps to avoid accumulation of 
grime and dirt from fingers and damage via erosion on prolonged use. The balance is 
equipped with a dial that allows small adjustments to the weight on the pan. Devia-
tions from equipoise are accurately assessed by a pointer on an index plate that has 
marked divisions. 
The old-fashioned, manually operated Class A prescription balance is being supplant-
ed by one-pan electronic balances that have directly-readable digital displays and are 
more convenient and have equivalent or better accuracy.  Weight boxes are not need-
ed for using electronic balances but they must also be calibrated with test weights.

LEARNING OBJECTIVES
The learner will be able to correctly:
• Provide the rationale and methodology for minimum measurable quantity. 
• Explain the relationship of minimum measurable quantity to error and con-

duct calculations that control percent error.
• Design compounding strategies that employ control percent error using the 

principles of minimum measurable quantity.

http://www.pharmacopeia.cn/v29240/usp29nf24s0_c1176.html
http://www.pharmacopeia.cn/v29240/usp29nf24s0_c1176.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5508084/pdf/ajpe81585.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5508084/pdf/ajpe81585.pdf
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Chapter 8 | Problem 8

a. How much digoxin is in all 30 capsules? A technician weighs out the of 
digoxin needed for making the 30 capsules in the prescription without 
considering minimum weighable quantity. Estimate the percent error that 
could result from this poor decision?

b. Considering minimum weighable quantity, the pharmacist weighs out 120 
mg of digoxin. How much lactose should she mix the 120 mg of digoxin 
with to obtain a powder mixture that has the digoxin concentration pre-
scribed for the capsules?
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Chapter 8 | Problem 10

a. How much chlorpheniramine is required for all the capsules? What would 
be the maximum percentage of error if you directly weighed this amount?

b. Considering minimum weighable quantity, 150 mg of chlorpheniramine 
is mixed with lactose such that a 250 mg aliquot contains the chlorpheni-
ramine for all the capsules. How many grams of lactose should be added to 
obtain this mixture?

c. A pharmacist has a digital balance with sensitivity requirement of 1 mg. 
What is the minimum weighable quantity for a percent error of 5%?
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Chapter 8 | Problem 13

a. You decide to first weigh 120 mg of trichlormethiazide and mix it thor-
oughly (triturate) with 480 mg of lactose. Determine the mass of the ali-
quot that contains the trichlormethiazide required for all the doses.

b. You decide to weigh 120 mg of reserpine and mix it thoroughly (triturate) 
with 5880 mg of lactose. Determine the mass of the aliquot that contains 
the reserpine required for all the doses.

c. You decide to mix the appropriate reserpine and trichlormethiazide 
aliqouts together and qs with additional lactose.  How much additional 
lactose is required for all the doses?
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CHAPTER 9
DILUTION & RECONSTITUTION
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Chapter 9 | Dilution
In dilution problems only one ingredient brings in drug, the other is a diluent or sol-
vent that does not contain any drug. In concentration problems, the solvent, which is 
usually water, is selectively removed, e.g., by evaporation. In mixture problems, the 
product is made from two or more ingredients containing drug.

DILUTION & CONCENTRATION CALCULATIONS

• All dilution and concentration problems can be solved by remembering only 
two simple principles. 

Amount = Concentration × Quantity

• The Law of Conservation of Mass. 

Amount in Input = Amount in Output

• Together, these principles yield the convenient formula:

A = C1 Q1 = C2 Q2

• A is the amount, which is the same in the input and output, C1 and C2 are the 
concentrations in the input and output, respectively.  Q1 and Q2 are the corre-
sponding quantities of the input and output, respectively.

• The units of the concentrations and of the quantities should be the same both 
sides of the equation. 

• This equation can also be used for concentration problems wherein the dilu-
ent or solvent is removed, e.g., by evaporation, because the amount of drug is 
conserved. 

LEARNING OBJECTIVES
The learner will be able to correctly:
• Describe the principles of dilution, mixture and serial dilution problems. 
• Solve dilution problems and apply alligation approaches to mixtures. 
• Evaluate serial dilution strategies and solve serial dilution problems.
• Solve problems in the reconstitution of powders to different concentrations. 
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ALLIGATION MEDIAL

• Alligation medial solves Type I Mixture problems where the goal is to calculat-
ed the drug concentration in the product from the concentrations and quanti-
ties in all of the inputs, which are known.  

• Alligation medial is a simple restatement of Equation 9.3. 

• The concentration of the product is the weighted average of the concentra-
tions of the inputs. The relative fraction of the quantity of each input is used 
for weighting the average. 

• To avoid errors, alligation medial can be set up as a table, which is illustrated in 
the solved example below.

Alligation approaches assume that the quantities are additive and cannot therefore be 
used for volume calculations in which considerable expansion or contraction occurs 
upon mixing unless the final product is "qs-ed" with one of the (liquid) components.
Although alligation is most frequently used for mixture concentration calculations, 
the algorithm can also be used to determine the density (or specific gravity) of mix-
tures of liquids. This is because density, which is defined as mass per unit volume, can 
be interpreted as the "concentration" of mass.

ALLIGATION MEDIAL EXAMPLE

• EXAMPLE: 200 g of 10% w/w, 50 g of 20% w/w and 100 g of 5% w/w zinc oxide  
(ZnO) ointments are mixed. Determine the composition of the mixture.

• Concentration in product = 35g/350 g = 0.1 g/g = 10% w/w. 

• The product composition equals the weighted average. You cannot merely av-
erage! The contribution of each input to product is different. e.g., 10% w/w 
input contributes 20 g of zinc oxide, 20% w/w preparation contributes 10 g.

Concentration Quantity, g Amount of ZnO, g
10% w/w 200 20
20% w/w 50 10
5% w/w 100 5

Total 350 35
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Figure 9.1. Schematic for a 1: 10,000 serial dilution. 

Ten ml of a 0.01% solution is obtained from 100% stock using four steps.  

Figure 9.1 is an illustrative serial dilution in which a 100% stock solution is diluted to 
0.01% in a series of four identical 1:10 dilutions. One ml of the stock is mixed with 9 
ml of diluent to give 10 ml of the first diluted preparation.  Next, 1 ml of the first dilut-
ed preparation is removed and mixed with 9 ml of fresh diluent and mixed to give 10 
ml of the second diluted preparation. The process is repeated.

In the serial dilution in Figure 9.1, the direct dilution of 1 ml of 100% stock to yield a 
0.01% product could potentially result in 10,000 mL of product and use up 9,999 ml 
of diluent. The serial dilution procedure is elegant and efficient. It uses only 36 ml of 
diluent.
A given product can be prepared by using differing serial dilution strategies, i.e., there 
is not only one right way. Ten-fold dilutions are often preferred because there is less 
risk of arithmetic errors but other dilution strategies can be valid as well. Good mix-
ing is essential at every step of a serial dilution to avoid propagating errors.
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Chapter 9 | Reconstitution of Powders
Thus far in dilution and mixture calculations, we have assumed that volume changes 
on mixing are negligible. Here, we will explore calculations wherein this assumption 
is relaxed.
The more frequent pharmaceutical applications of reconstitution arise in the case of 
suspensions and for antibiotics, which are formulated as drug powders that are re-
constituted by the pharmacy just prior to dispensing to avoid the potency loss that 
can occur in a liquid dosage forms. To enhance the shelf life of these drugs, they are 
provided to pharmacy in drug powder form for constitution with purified water or 
other diluent when an order is filled. 
Typically, the manufacturer provides label instructions for reconstitution that yield 
a specific drug concentration in the preparation. However, prescribers may request 
a concentration different from that indicated on the label. The purpose of reconsti-
tution calculations provide the process for obtaining the prescribed concentration 
using information from product label.  

RECONSTITUTION CALCULATIONS

• The strategy is to calculate the volume contributed by the solid on reconstitu-
tion. This is obtained from the manufacturer's label instructions as the differ-
ence between the volume of the preparation and volume of diluent added.  

• The manufacturer’s label instructions will provide the amount of drug A, vol-
ume of diluent QDiluent to be added and the resultant concentration CLabel. 

• The total volume QLabel, which represents the volume of the preparation when 
dissolved can be calculated using the concentration definition:

 A  = CLabel  × QLabel
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Chapter 9 | Problem 2

a. Calculate the amount of minoxidil in the preparation. You prepare the solu-
tion by dissolving  available 10 mg tablets of minoxidil. How many tablets 
are required for the preparing the solution? 

b. Calculate the concentration of ethanol in percent volume-in-volume.

c. You have 190 proof ethanol. What volume of 190 proof ethanol would you 
use?
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Chapter 9 | Problem 3

a. Determine the concentration of sulfamethoxozole in the infusion fluid.

b. Determine the concentration of trimethoprim in the in the infusion fluid.

c. Determine the total dose of sulfamethoxozole and trimethoprim.

Sulfamethozole and trimethoprim are used in combination because the mixture is a 
more effective antibacterial than either drug alone. The parenteral concentrate is di-
luted before intravenous infusion.
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Chapter 9 | Problem 6

a. What alligation method could you use to solve this problem?

b. Fill in the following alligation alternate table.

c. How much 0.5% cream is required?  How much 0.025% cream is required?

You do not have 0.1% triamcinalone acetonide cream available and decide to com-
pound the preparation by mixing 0.5% cream with 0.025% cream. 
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Chapter 9 | Problem 7

a. What is the concentration of sodium chloride in mEq/ml?

b. What alligation method could be used to calculate the chloride ion concen-
tration?

c. What is the concentration of chloride ion in mEq/ml? What is the concen-
tration of chloride ion in mg/ml?

Potassium chloride (K+ Cl–) and sodium chloride (Na+ Cl–) are crystalline solids.  
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Chapter 9 | Problem 39

a. How many milliliters of the 10% w/v stock solution should be used in 
compounding? The pharmacist's graduated cylinder with markings every 
1.0 ml. She wants to control measurement errors to 5% or less. What is the 
minimum quantity that should be measured? Considering minimum mea-
surable quantity, serial dilution is used for compounding. What would be 
the total dilution factor?

b. The pharmacy technician conducts the following dilutions:
Step 1: Measure 20 mL of the 10% stock solution and add sufficient 0.45% 
sodium chloride solution up to 80 mL.
Step 2: Measure 20 mL of the diluted solution from Step 1 and add suffi-
cient 0.45% sodium chloride solution up to 200 mL to obtain the prepara-
tion prescribed. Dispense 20 ml of the preparation from Step 2.
Is the serial dilution correct? What is the phenylephrine hydrochloride con-
centration in the technician's preparation?
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Chapter 8 | Problem 43

a. You decide to obtain the final product in three identical serial dilution 
steps? What is the dilution factor for each step?

b. Another pharmacist takes 1 ml of the stock solution and dilutes it to a total 
of 25 ml in a first dilution step. What dilution factor will produce the prod-
uct with the prescribed concentration in the second step?

c. Another technician proposes the following dilutions:  
Step 1: Take 1.00 ml of stock solution and dilute to a total volume of 20 ml.
Step 2: Take 10 ml of solution from Step 1 and dilute to volume of 50 ml.
Step 3: Take 5 mL of solution from Step 2 and dilute to a volume of 50 ml.
What concentration of naphazoline hydrochloride would be obtained?

You do not have 0.0125% w/v naphazoline hydrochloride available but have a 
12.5% solution of naphazoline hydrochloride available.



The Pharmacy Calculations Workbook

Page 713

Chapter 9 | Problem 63

a. What is the volume of the preparation if the manufacturer’s instructions 
are followed? What is the volume of displaced by the powder?

b. What is the quantity of the preparation when reconstitued to obtain the 
prescribed concentration? How much sterile water must be added?

c. How much of the reconstituted solution is required for a single dose of the 
drug? How much clavulanic acid is present in a single dose?

Ticarcillin disodium and clavulanate potassium is a combination antibiotic that con-
tains the 30:1 ratio of ticarcillin to clavulanic acid. The dosage of the combination 
is expressed as the sum of the grams of ticarcillin plus grams of clavulanic acid. The 
manufacturer’s instructions for reconstitution are: “Each container is labeled as con-
taining 3.1 grams of the combination and contains the potency equivalent to 3g of ti-
carcillin and 100 mg of clavulanic acid. Add 13 ml of sterile water to obtain a solution 
containing 200 mg/ml of ticarcillin.  Shake vial until drug dissolves.”
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Chapter 9 | Problem 65

a. If the product is reconstituted following the manufacturer’s instructions, 
what volume of product will result? Estimate the volume displaced.

b. What is the sodium ion concentration in the solution if powder is reconsti-
tuted according to the manufacturer’s instructions?

c. The manufacturer’s instructions call for adding sterile water for injection, 
in two separate aliquots. Estimate the concentration of ampicillin upon ad-
dition of the first 50 ml aliquot. Assume that the entire product dissolves.

This is pharmacy bulk package of a combination antibiotic has to be reconstituted 
carefully.
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CHAPTER 10
PARENTERAL NUTRITION
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Chapter 10 | Parenteral Nutrition
Parenteral nutrition is the provision of nutrients via the intravenous route. Parenter-
al nutrition is indicated when the gastrointestinal tract is unusable or inaccessible. 
For example, patients in a coma, having trouble swallowing or holding down food for 
extended periods of time due to vomiting, or other gastrointestinal problems may be 
administered parenteral nutrition.
Enteral nutrition refers to the provision of nutritional preparations via a tube placed 
in the gastrointestinal tract. Enteral nutrition is used for patients with a functional 
gastrointestinal tract who are unable to eat or digest adequate amounts of nutrients. 
Whenever possible, enteral nutrition is preferred over parenteral nutrition because 
it is associated with fewer complications and better preserves the health of the di-
gestive, absorptive, immune and other physiological functions of the gastrointestinal 
tract. Enteral nutrition can be administered via tubes that enter at the mouth or nose 
and deliver nutrition preparations at the stomach, duodenum or jejunum. For long-
term enteral nutrition, gastrostomy or jejunostomy tubes that enter through the skin 
and abdominal wall are placed surgically. 
Total parenteral nutrition (TPN) provides all nutrient requirements via the intrave-
nous route. TPN is generally administered via a central vein because TPN solutions 
have high osmolarity in the 1800-2000 mOsm/l range (they are hypertonic primarily 
due to high dextrose content ~ 20% w/v) and require high infusion flow rates. The 
high blood flow rate at central venous sites dilutes the high osmolarity.  
All nutrients mixed are in single daily container and are administered via a separate 
pump and infusion set to avoid contamination and infection. TPN infusions require 
extended periods of time of 10-16 hours and patients should be carefully monitored.
Peripheral or partial parenteral nutrition (PPN) is administered via peripheral veins. 
PPN solutions have lower osmolarity because dextrose concentrations are kept at 10-
12.5% w/v or less. Administration of TPN solutions via peripheral veins causes in-
flammation and clot formation in the vein (thrombophlebitis).

LEARNING OBJECTIVES
The learner will be able to correctly:
• Calculate energy requirements for parenteral nutrition using the Harris-Bene-

dict equation and quick estimate method.
• Calculate protein using nitrogen balance and Dudrick methods. 
• Solve for lipid, dextrose and fluid requirements.
• Calculate the quantities of electrolytes, multi-vitamins and insulin. 



The Pharmacy Calculations Workbook

Page 739

Chapter 10 | Problem 4

a. Using the Harris-Benedict equation, determine the basal energy expendi-
ture for a stress factor of 1? Calculate the apparent stress factor used.  

b. Urine volume over 12 hours is 800 ml, urinary urea nitrogen is 1000 mg/dl 
and insensible loss is 4 g/day. How much protein is needed for a nitrogen 
balance of zero? 

c. Determine the actual nitrogen balance. Calculate the kilocalories from pro-
tein. What volume of 10% w/v amino acid source solution is needed
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Chapter 10 | Problem 21
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Chapter 10 | Problem 21 Continued…

a. What is this patient’s basal energy expenditure? Based this patient’s rela-
tive activity level, how many kcal/day are needed?

b. How many grams of protein are needed? What volume of amino acid 
source is needed?

c. 25% of the energy requirement is from lipid. What volume of lipid source is 
needed? What volume of dextrose source is needed?

d. What volume of dextrose source is needed?
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Chapter 10 | Problem 25 Continued…

a. What is this patient’s basal energy expenditure? Based this patient’s rela-
tive activity level, how many kcal/day are needed?

b. What volume of amino acid source is needed?

c. 25% of the energy requirement is from lipid. What volume of lipid source is 
needed? What volume of dextrose source is needed?

d. How much multi-electrolyte solution should be used?
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Chapter 10 | Problem 25 Continued…

e. Calculate the volumes of the following source solutions: potassium chlo-
ride (2 mEq/ml), sodium acetate (2 mEq/ml), sodium chloride (4 mEq/
ml), calcium gluconate (0.465 mEq/ml), magnesium sulfate (4.06 mEq/ml), 
sodium phosphates (3 mmoles/ml phosphate, 4 mEq/ml sodium), insulin, 
regular (100 units/ml) and sterile water
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CHAPTER 11
ISOTONICITY
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Chapter 11 | Osmotic Pressure & Isotonicity
Many parenteral, ophthalmic and otic dosage forms have to be made isotonic to en-
sure proper product performance. Isotonicity is directly related to osmotic pressure.
When a dilute solution and a concentrated solution are separated by a semi-perme-
able membrane, solvent will flow in an effort to equalize the solvent concentrations 
on both sides of the semi-permeable membrane. This process is called osmosis. 
An ideal semi-permeable membrane restricts solute movement but does not restrict 
the solvent. The solute cannot pass through the membrane; therefore, the concen-
trated solution is diluted as the solvent flows into it. The force driving this solvent 
movement is derived from the chemical potential of the solvent and causes osmotic 
pressure. This is shown in Figure 11.1. Solvent flows from the region of high solvent 
concentrations to the region of low solvent concentration. The solvent concentration is 
higher in regions that have low solute concentration and vice versa. Osmotic pressure 
is the pressure that will prevent the flow of the solvent. 

Figure 11.1. Schematic for osmotic pressure. 

LEARNING OBJECTIVES
The learner will be able to correctly:
• Describe the relationship of isotonicity to osmotic pressure and to other colli-

gative properties.
• Calculate osmolarity of preparations containing non-electrolye and electro-

lyte drugs. 
• Solve isotonicity problems using the freezing point depression, sodium chlo-

ride equivalent and osmolarity methods.
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Equation 11.1 is not directly used for isotonicity calculations in the pharmacy setting. 
The approaches used for isotonicity calculations in pharmacy rely on the fact that os-
motic pressure is a colligative property. 
Colligative properties are solvent properties that depend on the ratio of the number 
of solute particles to the number of solvent particles. They do not depend on the na-
ture of the chemical species.
Examples of colligative properties include osmotic pressure, vapor pressure de-
pression, freezing point depression and boiling point elevation. Osmotic pressure 
is a particularly challenging colligative property to measure because it requires a 
semi-permeable membrane and substantial quantities of the preparation. Because all 
colligative properties are related to the ratio of solute particles to solvent particles, 
one colligative property can serve as a surrogate for another. Generally, these colli-
gative properties can be viewed as representing the difference between the solution 
properties and solvent properties that result upon inclusion of a non-volatile solute. 
Indeed, contemporary osmometers, which devices to measure osmotic pressure, rely 
on vapor pressure depression to measure osmotic pressure.
To make pharmaceutical dosage forms isotonic, an isotonicity-adjusting agent, e.g., 
sodium chloride, boric etc. are added to the drug solution so that the prepartion is 
isotonic. The isotonicity-adjusting agent contributes "particles" to the solution that 
increase the osmotic pressure to the desired level. In certain cases, the drug concen-
tration is selected so that the solution dosage form is isotonic. Thus the goal in iso-
tonicity calculations, is to determine the amount or concentration of the isotonicity.
There are three approaches for isotonicity calculations: 

1.  Osmolariy or i-factor approach
2.  Freezing Point Depression or ∆Tf method 
3.  Sodium Chloride Equivalent (SCE) method.

All three methods share certain similarities and yield results that are close to each 
other.

https://en.wikipedia.org/wiki/Colligative_properties
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Chapter 11 | Problem 7

a. What is the freezing point depression of a 1% w/v solution of of sodium 
phosphate∙12H2O? Is the 1% solution isotonic, hypotonic or hypertonic? 
What is sodium chloride equivalent of sodium phosphate∙12H2O?

b. Calculate the concentration of sodium phosphate∙12H2O in the isotonic 
solution?  Use the freezing point depression method.

c. Calculate the concentration of sodium phosphate∙12H2O in the isotonic 
solution using the sodium chloride equivalent method.
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Chapter 11 | Problem 20

a. Calculate the concentration of sodium chloride (in mM) needed to make 
the solution isotonic using the osmolarity method. 

b. Calculate the concentration of sodium chloride needed using the freezing 
point depression method. Give your answer in percent % w/v.

c. Calculate the concentration of sodium chloride needed using the sodium 
chloride equivalent method. Give your answer in percent % w/v.
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Chapter 11 | Problem 40

a. What is the concentration of the sodium chloride added to make the solu-
tion isotonic?

b. A technician weighs each of the three ingredients correctly but inadver-
tently makes the final volume up to 50 ml with sterile water (instead of 100 
ml).  Calculate the freezing point depression of the resultant solution?

c. The pharmacist began testing an applicant for the technician's job with the 
same task.  This candidate did all the calculations and steps correctly but 
forgot to add the sodium chloride. Calculate the freezing point depression.
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Chapter 11 | Problem 56

a. Calculate the osmolarity the preparation in milliosmoles/liter.

b. Calculate the concentration of a sodium chloride only solution that has the 
same osmotic pressure as the intravenous solution.

c. Calculate the freezing point depression of the preparation. Estimate the 
freezing depression of a solution of the same ingredients at 2-fold higher 
concentration (i.e., 10% dextrose, 0.9% sodium chloride).
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CHAPTER 12
GRAPH INTERPRETATION
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Chapter 12 | Mathematical Functions
Mathematical functions provide the theoretical underpinnings of graph interpreta-
tion. This chapter will focus on those mathematical functions that are both important 
and ubiquitous in pharmacy and pharmaceutical sciences.
The exponential function is widely used in pharmacokinetics, in characterizing bacte-
rial growth and in describing drug stability.
The logarithmic function is the inverse of the exponential function.  It is used in phys-
ical pharmacy because pH and pKa are logarithmic in nature. Some pharmacological 
dose-response curves are also logarithmic in nature.
The hyperbolic function is widely used to describe the relationships between drug 
concentration and drug receptor occupancy. The familiar Michaelis-Menten equation 
used for describing enzyme kinetics and dose-responses is hyperbolic in nature. The 
hyperbolic function will not be covered in this Workbook.

GENERAL APPROACHES FOR UNDERSTANDING FUNCTIONS

• Plot the function on graph paper or graphing calculator.

• Determine its value at x = 0 and at x = ∞. Although the value x = ∞ is physical-
ly unattainable, it often provides insight into how the function will behave at 
large values of x. Determine its maximum and minimum values of the function.

• Determine its derivative, the rate of change, at x = 0 and at at x = ∞. Is the plot 
steep initially?  When does it "slow" down? Does it approach an asymptote?

• What operations are legal? Which operations are illegal? Which operations 
seem legal but really are not?

• Why is this function useful? What characteristics make it useful for describing 
the physical processes for which it is used?

LEARNING OBJECTIVES
The learner will be able to correctly:
• Describe exponential and logarithmic functions, interpret their behavior and 

solve problems that use their properties.
• Plot data and exponential functions on semi-logarithmic graph paper and cal-

culate the slope and intercept.
• Calculate the rate constant, initial values and half-life/doubling time for expo-

nential processes from semi-logarithmic graphs. 
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Chapter 12 | Graphing
Remember the goal of all graphing is to obtain information and to communicate data.
Most graphing is now conducted in computer programs. As a future pharmaceutical 
scientist and pharmacist, it would be useful to familiarize yourself with a graphing 
program and its features. Learn how to obtain effective graphs with these programs 
and to fit regression lines and obtain equations.
This chapter will focus primarily on semi-log graphs, a graphing method that rep-
resents exponential growth and decay equations as straight lines. 
The equation of a straight line graph is y = mx + c, where m is the slope and c is the 
intercept. This slope-intercept form of the straight line is a useful foundation for in-
terpreting semi-log graphs.
Any exponential function of the form y = Acbx (exponential growth) or y = Ac–bx (ex-
ponential decay) yields a straight line on semi-log graph paper. The numbers A, b 
and c are constants. The constants A and c should be greater than zero (i.e., positive). 
In most pharmaceutical sciences and pharmacy applications, the constant b is also 
positive by convention because the a negative sign is prefixed for exponential decay 
equations. The independent variable x is usually time t ≥ 0 in many pharmaceutical 
sciences and pharmacy applications. 
How does a semi-log graph represent an exponential function as a straight line? This 
can be seen by taking logarithms on both sides:

log y = log(Acbx) = log A + (b log c) x Equation 12.7a
Equation 12.7 shows that a plot of log y vs. x yields an equation that is of the same 
form as a the equation of a straight line. 

Slope = (b log c) Equation 12.7b
Intercept = log A Equation 12.7c

The y-axis of semi-log graph paper has a logarithmic scale and its x-axis has a linear 
scale. Hence the term "semi-log". This choice of axes scales implements the logarith-
mic transfornation of Equation 12.7a. 
For an exponential function of the form y = Aekt, the the rate constant k can be obtained 
from the slope and initial value A can be obtained from the intercept of the straight 
line on semi-log graph paper.

log y = log(Aekt) = log A + (k log e) t Equation 12.8a
Slope = k log e 

Rate constant k = Slope/log e
Equation 12.8b
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Chapter 12 | Problem 5

a. A pharmaceutical scientist in a drug company is studying the effects of two 
drugs, Abracabradabramycin and Gobledygookmycin, on tumor growth. Tu-
mor size (as a percent of initial tumor size) in the presence of these drugs 
was measured as function of time (in days). The relationships obtained 
after a systematic experimental study were well summarized by the follow-
ing exponential equations: 

Abracabradabramycin % Size = 100e–0.1t

Gobledygookmycin % Size = 100e0.05t

Which of these two drugs inhibits tumor growth? Why?

b. A medicinal chemist has synthesized two previously unknown antibiotics, 
gibberishcillin and baloneycillin, which decay in aqueous solution accord-
ing to the following exponential equations.  

Gibberishcillin % Remaining Intact = 100e–0.03t

Baloneycillin % Remaining Intact = 100e–0.1t

Identify the drug that decays more rapidly.: 
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Chapter 12 | Problem 11

a. Which tumor is growing at the fastest rate?

b.  Which patient had the largest tumor initially? 

c Whose tumor is most likely to decrease with time?

An oncologist has 3 patients, Patient A, Patient B, and Patient C.  She is monitoring 
the progress of their brain tumors using magnetic resonance imaging (MRI), which 
allows the volume of the tumors to be measured. She analyzes the volumes of the 
tumor as a function of time (t) and identifies the following relationship:

Patient A V = 2500 e0.05t

Patient B V = 1200 e0.1t

Patient C V = 3600 e–0.005t
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Chapter 12 | Problem 17

a. Label the five tick marks indicated by the arrows.  One tick is labeled as 
reference.

The following shows the effect of an antibiotic on bacteria growth. It plots the num-
ber of bacteria as a function of time on semi-log graph paper. 
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Chapter 12 | Problem 17 Continued…

b. Calculate the slope of the line. 

c. Obtain the intercept from the graph. 

d. Calculate the rate constant.

d. How many bacteria are present initially?

e. Write out the exponential equation that describes the dependence 
number of bacteria with time in the presence of the antibiotic.
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Chapter 12 | Problem 27

a. Calculate the slope of the line from the graph and obtain the rate constant.

b. Write the equation for the exponential function that describes the growth 
of Acinetobacter baumannii.

c. Obtain the doubling time of Acinetobacter baumannii from the rate con-
stant and the graph?

The growth of the opportunistic pathogen Acinetobacter baumannii can be described 
by the following semi-log graph.
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Chapter 12 | Problem 28

Cefotaxime is used to treat the meningitis caused by Neisseria meningitidis (menin-
gococcus). The following table shows the relationship between colony-forming units 
of meningococcus per milliliter of cerebrospinal fluid (CFU/ml of CSF) at various 
times following a bolus intravenous injection of cefotaxime.

Time, hours CFU/ml CSF
6 1.6 × 105

12 5.2 × 104

24 5.6 × 103

30 1.8 × 103

42 2.0 × 102

a. Plot these data from time t = 0 to time t = 48 hours.

b. Calculate the slope of the graph and the rate constant. 

c. Write the equation that represents the exponential decay kinetics.
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Chapter 12 | Problem 33

Daunorubicin (DNR) is an anthracycline antibiotic with anti-tumor activity in a vari-
ety of cancers. Myocet (TLC-D99; Medeus Pharmaceuticals) consists of doxorubicin 
complexed with citrate inside nonpegylated liposomes. The following table describes 
the plasma concentration of Myocet in a 69-year old female patient with soft tissue 
sarcoma.

Time, hours Concentration, µM
3 1500
6 703

12 91.3
24 2.73
36 0.0321

a. Plot these data from time t = 0 to time t = 36 hours.

b. Calculate the slope of the graph and the rate constant. 

c. From the equation, determine the time necessary for the concentration to 
reach 100 µg/ml concentration from an concentration of 1000 µg/ml. Then 
calculate the time needed to reach 0.1 µg/ml from 1 µg/ml.
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Chapter 12 | Problem 33 Graph Paper…
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CHAPTER 13
RADIOPHARMACEUTICALS & RADIATION
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Chapter 13 | Radioactivity
Radiopharmaceuticals are pharmaceutical products whose active moeities are radio-
active materials with pharmacological activity or imaging utility. Radioactive materi-
als produce radioactivity and also radiation in the form of energetic nuclear particles 
and electromagnetic radiation.
Radioactivity is caused by the spontaneous decay of unstable nuclei. The nucleus is 
a very small, dense core compared to the size of the atom but contains all of the pro-
tons, which are positively charged, and uncharged neutrons. Protons and neutrons 
are referred to as nucleons. The short range attractive strong nuclear forces between 
neutrons and protons help keep the nucleus stable in the face of the repulsive electro-
static force between the positively charged protons. Strong nuclear forces also hold 
the nucleons together. The weak nuclear force acts within nucleons and is neither at-
tractive nor repulsive. The weak nuclear force is weaker in its intensity and shorter in 
its range than the strong nuclear force. The weak nuclear force acts over distances of 
~10–18 m compared to the strong nuclear force, which act over ~10–15 m. 
There is an optimal range for the neutron/proton ratio that results in a stable, non-ra-
dioactive nucleus: nuclei with higher atomic numbers require higher neutron/proton 
ratios to achieve stability. A nucleus can be unstable because of an imbalance between 
the repulsive electrostatic force and the attractive strong nuclear force. Such imbal-
ances can favor disintegration of the nucleus or particle decay. The nature of the ra-
dioactive emission is strongly dependent on the the neutron/proton ratio. 
The atomic nucleus or that undergoes radioactive decay is referred to as the parent 
radionuclide and the nucleus produced from radioactive decay is the daughter radio-
nuclide. A parent radioactive emission process can cause secondary nuclear reactions 
if the daughter nucleus is not sufficiently stable. The nuclear disintegration of heavier 
radionuclides may involve a radioactive decay chain that involves several steps.

LEARNING OBJECTIVES
The learner will be able to correctly:
• Describe the causes of radioactivity, the different particulate emissions and 

radiation produced by radioactive materials, and the units of radioactivity.
• Apply the law of radioactive decay to solve radiopharmaceutical dosing prob-

lems. 
• Interpret the biological properties of different forms of radiation on intenstity, 

wavelength and frequency.
• Describe the effects of ultraviolet light and solve sun protection factor prob-

lems.
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Type of emission Change in Atomic 
Mass

Change in Atomic 
Number

Change in  
Neutrons

Alpha –4 –2 –2
Beta 0 +1 –1
Positron 0 –1 +1
Gamma 0 0 0
Neutron –1 0 –1

The daughter radionuclides produced from the disintegration of parent radionuclide 
may be in a higher energy or excited state. Gamma radiation is emitted when a nucleus 
in an excited state transitions to a more stable, lower energy state. Thus, gamma rays 
are generally produced by secondary nuclear reactions.
Nuclear fission occurs with radionuclides as uranium-235 and plutonium-239 that 
are considered nuclear fuels. Fission is often triggered by neutron activation. For ex-
ample, uranium-235 is transiently converted to uranium-236 by neutron activation, 
and decomposes to yield krypton-92 and barium-142. Nuclear fission occurs in nu-
clear reactors and weapons and releases enormous amounts of energy and radiation. 
The non-fissile daughter radionuclide products of nuclear fission can remain radioac-
tive for long periods and create hazardous nuclear waste that requires management.

Table 13.1. Changes to atomic structure caused by radioactivity.

TECHNETIUM-99m

• Technetium-99m (Tc-99m) is the most widely used radionuclide in nuclear im-
aging. Tc-99m is the metastable radionuclide form of technetium.

• Tc-99m transitions to the stable technetium-99 radionuclide and emits gamma 
rays that are easily detected by an imaging camera. Gamma rays are preferred 
because they do not interact strongly with biological tissues. 

• The half-life of Tc-99m is quite short ~6 hours. This has two practical conse-
quences. First, the radioactivity is quickly lost after administration, which re-
duces unwanted radiation exposure to patients. However, this also means that 
Tc-99m radiopharmaceuticals cannot be stored for extended periods of time. 
Tc-99m containing radiopharmaceuticals have to be manufactured quickly 
and administered efficiently.

• It is produced from molybdenum-99. The molybdenum-99 in turn is produced 
from neutron irradiated uranium-235 in nuclear reactors.
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The Rem (roentgen equivalent man) is unit of radiation dose equivalent or exposure 
that takes into account the differing biological effect of different forms of radiation.

Rems = Rad × Quality Factor Equation 13.4
The Rem (roentgen equivalent man) is unit of radiation dose equivalent or exposure 
that takes into account the differing biological effect of different forms of radiation. 
The Quality Factor is a constant accounts for the biological effects. The quality factor 
for different forms emission are shown in Table 13.2. 

Type of emission Quallity Factor
X-rays, gamma rays, beta particles 1
Slow neutrons 3
Fast neutrons 20
Alpha particles 20

Table 13.2. Quality factors for different types of emissions.

Chapter 13 | Electromagnetic Radiation

Electromagnetic radiation is comprised of waves of electromagnetic energy that 
propagate through space. In the wave model, an individual electromagnetic wave is 
conceptualized as comprised of an electrical field and a magnetic field. The electrical 
field vector is at 90°C or is transverse to the magnetic field vector and both field are 
oscillating in phase while propagating through space. In a vacuum, all forms of elec-
tromagnetic waves travel at the speed of light c. 
In physics, wave phenomena are characterized by their amplitude, wavelength and 
the frequency. The wavelength (λ) represents the spatial separation between corre-
sponding positions on consecutive phases of a wave; these can be consecutive maxi-
ma, minima  or corresponding zero-crossings. Wavelength has units of distance. Fre-
quency (f) is the number of oscillations per unit time. Frequency has units of Hertz 
(1/s or s–1).
The frequency and wavelength of electromagnetic radiation are directly related to 
each other: the product equals the speed of light.

λf = c Equation 13.5
Thus the frequency of electromagnetic radiation is inversely proportional to the wave-
length: when wavelength increases, frequency decreases and vice versa.
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Electromagnetic radiation is also be used for therapy, e.g., gamma rays and high en-
ergy x-rays are used for radiation treatment of tumors, laser light is used for vision 
correction, for removing tattoos or hair and in dental procedures. Figure 13.2 shows 
a patient being prepared for gamma radiation treatment for cancer.

Figure 13.2. Patient being prepared for radiation therapy. 

Attribution: Creator Rhoda Baer. Public domain image from the National Cancer Institute.

Chapter 13 | Ultraviolet Light & Sun Protection Factor

Radiation from the sun consists of infrared light (wavelength > 770 nm), visible light 
(wavelength 400-770 nm), and ultraviolet light (wavelength 200-400 nm; principally 
290-400 nm).  Ultra-violet light has damaging effects on human skin but is not visible 
to the eye. 
The skin is most sensitive to a wavelength of 296 nm but majority of the stronger 
sunburn-causing wavelengths that reach the earth’s surface have a wavelength of 310 
nm. Ultraviolet or UV light is responsible for many of the harmful effects of sunlight 
such sunburn or worse, increased risk of skin cancer. UV light can cause basal cell car-
cinoma and squamous cell carcinoma and has a potential role in melanoma. The main 
mechanisms are thought to involve UV-induced DNA damage and the production of 
reactive free radicals.
The UV light region of sunlight is usually sub-categorized into UV-A, with wavelengths 
in the 320-400 nm range, UV-B with wavelengths in the 290-320 nm range, and UV-C 
with wavelengths in the 200-290 nm range. 

https://en.wikipedia.org/wiki/Radiation_therapy
https://visualsonline.cancer.gov/details.cfm?imageid=4477
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Chapter 13 | Problem 4

a. Calculate the rate constant for decay.

b. Write the equation that describes the loss of radioactivity from a capsule of 
Co-57 cyanocobalamin.

c. After how many days will the radioactivity decrease to 90% of its original 
value? Calculate radioactivity remaining 90 days after capsule preparation?

Cyanocobalmin is vitamin B12 and it contains cobalt. A radioactive form of vitamin 
B-12, Co-57 cyanocobalamin, contains radioactive cobalt (Co-57), is used for the 
diagnosis of pernicious anemia. Cobalt-57 has a half-life of 270 days. 
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Chapter 13 | Problem 5

a. Express the dose in Becquerels.   Determine the half-life.

b`. The specific activity of the Tc99 sodium pertechnetate is 20 mCi/ml. What 
volume of Tc99 sodium pertechnetate should you add to lidofenin com-
plexed with stannous chloride?

c. What is the concentration of Tc-99 radioactivity in the final preparation in 
mCi/ml? What volume of preparation should be injected?

Tc 99 lidofenin contains radioactive technetium (Tc 99) is used for liver imaging.  
The radioactive compound is prepared by adding Tc99 sodium pertechnetate to 10 
mg of non-radioactive lidofenin complexed with stannous chloride. All the radio-
activity is provided by Tc99 sodium pertechnetate. After adding the Tc99 sodium 
pertechnetate the preparation is qs-ed to a total volume 10 ml. 
The rate constant for the decay of Technetium is 0.1151 hour–1. 
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Chapter 13 | Problem 17

a. What is the dose of Technetium Tc99m sestamibi in millicuries? What is 
the decay constant of technetium Tc99m sestamibi?

b. The shipping delay between the manufacturer and your hospital is 48 
hours. Calculate the radioactivity in Curies that should be shipped so that 
you receive exactly 1000 MBq.

c. Calculate the percentage of rad`ioactivity remaining after 30.1 hours.

Technetium Tc99m sestamibi is a radiochemical that is used in cardiac imaging to 
identify myocardial infarcts. Its half-life is 6.02 hour.
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Chapter 13 | Problem 18

a. Based on the information, write an equation to describe the decay of a sin-
gle dose of sodium iodide I-123.

b. How much of the radioactivity will remain if the dose is delayed by 1 day? 
What percent will remain if the dose is delayed by 52.8 hours?

c. The transportation delay on sodium iodide I-123 is 4 hours. How much ra-
dioactivity, in microcuries, should be manufactured for the transportation?

Sodium iodide I-123 is a radiochemical used for the thyroid function test. Sodium 
iodide I-123 decays with time and the half-life of sodium iodide I-123 is 13.2 hours
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APPENDIX A
PHARMACISTS’ CARE PROCESS

This Appendix is material published by the Joint Commission of Pharmacy Practitioners and is 
used with permission.
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