
Introduction

Animal andrology has emerged as a scientific discipline 
only relatively recently. However, it draws deeply 
from the wealth of knowledge contained in the classic 
scientific disciplines of anatomy, physiology, pathol-
ogy, and genetics, as well as from rapidly burgeon-
ing fields such as molecular and cell biology, genomics, 
proteomics, and metabolomics. The impressive breadth 
of knowledge and interests which are today recog-
nized as being within the animal andrology spec-
trum are witnessed by the topics contained herein.

Animal andrology has its own basis of underly-
ing concepts and principles, including terminology, 
definitions, procedures, diagnostics, and prognostics, 
that collectively provide the necessary cytoskeleton 
for ensuring scientific and clinical commonality and 
consistency. Examples of a number of abbreviations 
and acronyms used in animal andrology are provided 
in the Appendix 1.1.

As the scientific foundations of animal andrology 
have been described previously in Animal Andrology: 
Theories and Practices (Chenoweth and Lorton, 
2014), this manual aims to complement this more 
scientifically focused tome by providing practical, 
hands-on information for many animal andrology 
procedures. Emphasis is placed on two major aspects 
of animal andrology: (i) the assessment and man-
agement of breeding males; and (ii) the laboratory 
handling, evaluation, and processing of semen for 
artificial insemination. In turn, the adoption of 
good laboratory practices (GLPs) that result in a 
consistent, quality product is closely linked with 
considerations of quality control (QC) and quality 
assurance (QA).

The Male Mission

The starting point for any evaluation of an animal, 
product, or procedure is to clarify its intended 

 purpose. Here, the purpose, or ‘mission’, of males 
in domestic animal breeding has been described as 
the deposition of fertile sperm at the appropriate 
female site at the optimal time for fertilization to 
occur. However, although this might describe 
‘success’ in companion animal breeding, it is inad-
equate for males in herds or flocks where produc-
tion goals dictate more quantitative assessments. 
For example, considerations for range-type beef 
cattle fertility include not only pregnancy rate (or 
percent females pregnant), but also the time frame 
in which this occurs. In swine, pregnancy rate and 
timing are important, as well as litter size.

Today, male fertility considerations in domestic 
animals extend far beyond those which occur for 
natural breeding. Artificial insemination (AI) using 
liquid or frozen semen is widely used to achieve 
genetic progress in herds and flocks. Implementing 
this technology requires a number of additional 
considerations for ensuring acceptable semen fertility, 
and these considerations multiply when cryopre-
served semen is used in conjunction with estrous 
synchronization, in-vitro fertilization (IVF), and/or 
other assisted reproductive techniques (ART). 
Along with greater sophistication of breeding tech-
nologies comes greater complexity of component 
tasks and less allowance for imprecision or incom-
petence. Collectively, these considerations bolster 
the case for appropriate education and training of 
animal breeding personnel. The current apparent, 
and growing, shortfall in relevant education and 
training has been a major incentive for this manual, 
in which an attempt is made to provide a contin-
uum between essential male reproductive evalua-
tion and those reproductive technologies which are 
reliant upon fertile male gametes.

The fundamentals, however, commence with the 
capability of the male to procreate which is assessed, 
at least initially, by means of an andrological 
evaluation.
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Andrological Evaluation

Although tacitly accepted as an essential aspect of 
domestic animal propagation, male fertility has 
historically received much less scientific attention 
than in females. Despite early Russian and Cornell 
University studies that created awareness of its 
significance, it took the widespread acceptance of 
cattle AI to create an upsurge in relevant studies, 
which continues today. Milestones included the 
early development of the artificial vagina in Italy, 
Swedish bull studies of Lagerlöf and Bane, the 
development of effective semen extenders, the first 
successful cryopreservation of bovine semen and 
development of a safe and effective electro-ejaculator 
(EEJ) by Marden in the mid-1950s. The latter 
allowed routine semen assessments to occur with 
unhandled bulls, particularly in the beef cattle 
industry and also with untrained small ruminants. 
More latterly, EEJ has been widely employed with 
males of species which are undomesticated and/or 
endangered. With reference to bulls, such develop-
ments were the catalyst for the formation of the 
Rocky Mountain Society for the Study of Bull 
Breeding Soundness (RMSSBBS) in 1954, which 
subsequently became the Society for Theriogenology 
with a much wider mandate. Today, the momentum 
continues, with the benefits of powerful new tools 
such as genomics, proteomics, and metabolomics.

Many of these new technologies require sophisti-
cated equipment and focused training which con-
strains their routine applications in animal breeding, 
especially in less developed countries. However, 
their exploitation will undoubtedly increase with 
mounting pressures to optimize animal reproduc-
tion. These pressures vary from direct individual 
economic incentives to global human needs for 
food, fiber, sport, leisure, and companionship. 
Keeping pace with both need and demand relies 
upon appropriate levels of education and training 
in animal reproduction methods and applications. 
Unfortunately, opportunities for obtaining knowl-
edge and expertise in applied animal reproduction 
(including andrology) are lacking, and apparently 
decreasing, not only in the developing world but in 
more affluent countries as well (Chenoweth, 2012).

Andrological or breeding soundness evaluations 
(BSE) are conducted for a variety of reasons including 
pre-sale and pre-mating, or to detect and investi-
gate fertility problems. The term breeding sound-
ness applies to an individual which is deemed fit for 
purpose, i.e. capable of being reasonably fertile 

under normal mating conditions, after fulfilling the 
prescribed examinations and tests. Although this 
term applies to both genders, it is herein employed 
within the male context only.

Although routine male BSE differ with species 
and geography, they should generally include the 
following:

● animal identification;
● relevant history;
● physical examination;
● reproductive examination; and
● semen collection and examination.

Other procedures such as sampling for reproductive 
infectious disease(s) and examination for sexual 
interest and capability may be included as requested 
or desired.

Animal andrological evaluation in practice

Animal andrological evaluations can vary greatly 
in complexity and cost. In production animals, they 
have evolved to become a relatively quick, simple, and 
economic procedure, i.e. the BSE, in which indi-
viduals are screened for their potential reproduc-
tive capabilities. The findings are often expressed 
as ‘satisfactory’, ‘unsatisfactory’, or ‘indeterminate’ 
(sometimes classified as ‘retest’), with best predict-
ability being achieved in identifying individuals at the 
lower end of the fertility spectrum, including those 
with significant problems (physical, pathological, 
genetic) which cannot, or should not, be rectified. 
Although the BSE is a proven, useful tool to lower 
the risk of male-factor infertility in herds or flocks, 
caution is advised in regarding it as a ‘fertility test’ 
(Amann, 1989).

The utilization of the BSE, or similar screening 
program, in animal breeding programs, especially 
those employing natural breeding, often leads to 
worthwhile benefits, which include improved herd 
or flock fertility, more compact breeding and birth-
ing seasons and more uniform offspring. Further, 
indirect benefits flow from the heritability of fertil-
ity components and genetic relationships between 
favorable traits, such as between scrotal circumfer-
ence in bulls and age at puberty in female relatives.

Despite such benefits, animal andrological tools 
and related ARTs are underutilized, both in devel-
oped and developing countries. The reasons for this 
relative lack of implementation vary in different 
parts of the world. All, however, would undoubtedly 
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benefit from improved awareness, education, and 
training in animal breeding, including aspects of 
male reproduction assessment, management, and 
exploitation, as mentioned previously.

Semen collection and evaluation are important 
aspects of the andrological examination of male 
animals. This may be conducted under a wide vari-
ety of conditions with varying complexity and 
sophistication. However, all benefit from the recog-
nition that semen is a fragile biological entity, and 
that appropriate steps should be taken to minimize 
damage caused by poor handling procedures and/
or environmental stressors.

Recent years have seen increased usage in certain 
countries of third-party andrology laboratories for 
semen evaluation and related andrological services. 
The services provided by these laboratories can 
include:

● conducting QA and QC programs for semen 
processing centres (SPCs);

● investigating infertility problems;
● assessing fresh and/or processed semen;
● conducting collaborative and clinical research; and
● training and upskilling animal breeding indus-

tries personnel.

The latter role reflects a burgeoning demand for 
those working within the animal breeding field to 
be familiar with relevant, current knowledge and 
practices.

Assuring consistency and quality

Good laboratory practice and QA may appear to 
be topics that are relevant for top-tier laboratories 
in developed countries only. However, the ulti-
mate aim of all analytical and diagnostic proce-
dures is to deliver results which are accurate, 
consistent, and verifiable, regardless of the sophis-
tication of those resources available. These are 
also the expectations of external bodies which are 
dependent upon the results, such as the Food and 
Agricultural Organization (FAO), the United 
States Department of Agriculture (USDA), funding 
bodies (such as industry), and refereed journals. In 
addition, implementing appropriate GLP and QA 
measures will strengthen the defense against legal 
and insurance claims for claimed laboratory 
failings.

Semen processing centers need to meet or exceed 
client expectations in terms of product at a cost 

which enables them to succeed financially. The 
process starts with the initial assessment of the 
semen sample (or ejaculate) for its suitability for 
processing, which includes calculating the number 
of AI ‘doses’ that might be produced from it.  
A post-processing check (e.g. initial post-thaw 
sperm motility) is often made on the final product 
before shipment or use. Too many viable sperm in 
each unit means that fewer doses are available, 
whereas too few sperm can compromise fertility. 
Finally, consumers need to be assured that they are 
receiving a product that contains sufficient ‘good’ 
sperm to achieve optimal fertility, at a price which 
is economically acceptable.

These expectations and assurances are met with 
the implementation of QA and QC programs, or 
their equivalents, by which acceptable forms of risk 
management are implemented (Björndahl et al., 
2010). For semen processors, QA and QC can pro-
vide reassurance that the right number of viable 
sperm is consistently delivered in each ‘dose’ (or 
inseminate), and that this is achieved with methods 
that are demonstrably fit for purpose (DeJarnette, 
2012). The ‘correct’ number of viable sperm in an 
insemination dose has been termed the effective 
sperm dose (ESD), and varies with different species, 
as shown in Table 1.1 and Box 1.1. 

Quality Assurance and Control

Although a full discussion of QA and QC is 
beyond the scope of this manual, awareness of the 
relevant concepts, principles, and terminology is 
important for any laboratory that aspires to pro-
duce consistent, verifiable results. Thus, a synopsis 
of QA and QC concepts, as applied to andrology 
laboratories, is provided below by way of intro-
duction to these topics, with additional resources 
as referenced.

Quality assurance encompasses the systematic 
evaluation and monitoring of all relevant aspects 
of a process (such as semen evaluation and semen 
processing) to ensure that standards of quality, as 
evidenced by the end product, or service are con-
sistently attained. Good QA needs to include the 
appropriate mechanisms for its implementation, 
and for ensuring that all laboratory personnel 
are appropriately trained and motivated. QA can 
be implemented under a variety of titles that 
overlap in their intended scope, including QC, 
quality management, quality enhancement and 
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quality assessment. In addition, such programs 
share a number of commonalities with GLP, as 
discussed below

Quality control is the term used for a systematic 
approach to the control of laboratory processes to 
ensure that the test results meet their desired quality, 
and that this occurs consistently and verifiably. It 
does this by monitoring specific activities, equip-
ment, and procedures which, collectively, produce 
the end result. In turn, each of these aspects should 
be subject to standard operating procedures (SOPs), 

as below. QC is a vehicle for promoting beneficial 
changes to improve the different processes involved.

Laboratories may become accredited by relevant 
external agencies or bodies which evaluate the qual-
ity of their processes and their monitoring processes 
to ensure consistent quality is achieved. Accreditation 
may be obtained for the laboratory itself, or for 
particular laboratory procedures or tasks. Achieving 
accreditation is often a complex, costly process, 
requiring considerable documentation, site visits, and 
formal reports. Additional information on accredit-
ation can be gleaned from Björndahl et al. (2010), 
as well as from the guidance documentation pro-
vided by the Australian National Association of 
Testing Authorities (NATA, 2018).

Standard Operating Procedure

A SOP is a set of clear, logical, step-by-step instruc-
tions which provide an unambiguous guide for 
personnel to perform a routine operation. 
Collectively, SOPs aim to achieve consistency in the 
quality of the end product and efficiency in its pro-
duction. They are also important in ensuring com-
pliance with appropriate regulations.

SOPs are used for processes such as:

● receiving, handling and storage of samples, reagents, 
and chemicals;

Table 1.1. Semen characteristics of different species and their insemination doses. Adapted from Hammond (1952).

Species Vol (mL)

Sperm 
concentration 

(per mL)

Total 
sperm per 
ejaculate

% normal 
sperm

Total motile 
sperm (%) ESD (106)

Dose 
volume (mL)

No. of 
doses/ 

collection

Canine 1–20+ mL 0.1–2 × 109 800 × 106 >60 to 80 >80 F: 1–200
C: 1–200
Fr: 0.5–300

Various 3–15

Equine 40–60 30–600 × 106 18–36 × 109 >70 >70 F: 500
Fr: >250

Various 10–20

Bovine 3–10 0.5–2 × 109 1–12 × 109 >70 >70 (50+) C/liquid: >1 
to 20

Fr: 7 dairy to  
25 beef

Fr/sexed: 1–3

0.25–0.5 400–1000+

Porcine 2–400 3–800 × 106 0.8–2 × 109 >70 >80 C: 2–4 × 109 80 to 100.
35–70 pcai

20–30

Ovine 1–5 2–5 × 109 8–10 × 109 >80 >80 F:a >200
Fr:b >50

0.2–0.5 100+

ESD, effective sperm dose (number of motile, normal sperm); F, fresh; C, chilled; Fr, frozen; pcai, postcervical artificial insemination.
aCervical
bTranscervical

Box 1.1. Recommended sperm numbers for 
ovine insemination.

• Fresh cervicala 0.2 mL, dose >200 × 106 
sperm, conc/mL = 1000 × 106

• Fresh vaginala 0.2 mL, dose >400 × 106 
sperm, conc/mL = 2000 × 106

• Transcervical frozenb 0.5 mL, dose 50–100 × 
106 sperm, conc/mL = 2–400 × 106

• Laparoscopy IU frozenb 0.05 mL, dose 20–40 
× 106 sperm, conc/mL = 4–800 × 106

aCervical
bTranscervical
Adapted from Mylne et al. (1997).
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● testing and validating methods and procedures;
● calibrating, cleaning, and maintenance of equipment;
● ensuring that the physical facilities are kept 

clean and hygienic;
● preparing forms, reports, and documentation 

and ensuring they are readily retrievable; and
● establishing and maintaining appropriate biose-

curity for facilities, procedures, and products.

Good Laboratory Practice

Good laboratory practice is a management con-
trol system that aims to ensure quality, uniform-
ity,  consistency, reliability, reproducibility, safety, 
and integrity of laboratory procedures and 
outcomes.

Aspects covered under GLP programs include:

● the laboratory QA program;
● suitability and state of the facilities;
● equipment, reagents, and materials employed;a

● the testing systems employed;
● the SOPs used for relevant equipment, proce-

dures, and tests;b

● the actual performance of the task (the proce-
dures, or study, under scrutiny);

● reporting of all steps as well as the results;
● storage and retrieval of samples and relevant 

paperwork; and
● the organization, delegation, and monitoring of 

laboratory duties and responsibilities.

aIn general, validation protocols and reports must be writ-
ten and available for all procedures
bThe most important criterion with an SOP is that it is 
followed.

A more complete description of SOP considerations 
for GLP purposes is made available in Appendix 1.1.

Good laboratory practice is subject to rules and 
regulations by agencies such as the FDA in the 
US, and the World Health Organization (WHO). 
The current WHO GLP Handbook (WHO, 2009) 
provides an example of the type of regulations and 
recommendations covered by such bodies. The 
International Organization for Standardization 
(ISO) recommends standards for GLP and related 
aspects, with its current list of standards available 
at: https://www.iso.org/home.html (accessed 28 
September 202).

Some of the terms and definitions commonly 
used within QA, QC and GLP contexts are shown 
below.

Relevant Terms and Definitions

Accuracy: The relative closeness, or proximity, of the 
obtained result(s) to the ‘true’ value or gold standard.

Benchmark: A measure or standard of best prac-
tice, as it is performed. It acts as the criterion 
against which the quality of something, e.g. an 
activity, can be judged and evaluated.

Best practice: The best identified approach to a spe-
cific activity or procedure. In the world of science, this 
is usually a practice that has achieved consensus by an 
expert group recognized by its peers. It is important 
to recognize that best practice does not necessarily 
imply a perfect or even optimal approach.

Calibration: The act of checking or adjusting the 
accuracy of the measuring instrument in comparison 
with an established standard. It can be expressed by 
a calibration function, diagram, standard (calibra-
tion) curve, or calibration table.

Gold standard: the definitive benchmark, or 
method, against which all others are compared.

Precision: The relative proximity of the results of 
repeated measures to each other (not necessarily to the 
gold standard). The coefficient of variation (CoV or 
CV) is often used as a proxy for precision. Precision can 
be further subdivided into two categories, i.e. repeat-
ability and reproducibility, as illustrated in Fig. 1.1.

Repeatability: The variation observed when the same 
operator measures the same entity repeatedly with the 
same piece of equipment. When an adequate number 
of measurements are made appropriately, repeatability 
is essentially equivalent to a standard deviation, vari-
ance, or probability distribution factor.

Reproducibility: The estimate obtained when a 
series of measurements are made on the same test 
item under differing conditions, e.g. the variation 
observed when different operators measure the 
same entity using the same device. It may be 
described in appropriate descriptive terms (e.g. 
‘between-laboratory’) and can be expressed in dif-
ferent ways (e.g. as standard deviation (s), variance, 
or probability distribution factor).

Validation: Affirmation, often in statistical terms, 
that the particular requirements for a specific test 
or procedure have been achieved. It may be an 
investigative process to establish the relevant char-
acteristics of a new test or procedure and to pro-
vide the appropriate specifications.

https://www.iso.org/home.html


6 P. Chenoweth

Summary

The discipline of animal andrology plays a pivotal role 
in helping to ensure that a burgeoning world popula-
tion is adequately fed, clothed, transported, and enter-
tained. However, the rapidly increasing scope and 
complexity of animal andrology has created a widen-
ing gap between relevant scientific knowledge and its 
application, in both the developing and developed 
worlds. The key to bridging this gap is to strengthen 
appropriate education and training to give both ani-
mal breeders, and their advisors, the knowledge and 
tools to meet the challenges of both today and 
tomorrow.
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AAAA Association for Applied Animal Andrology
ACT American College of Theriogenology
ADG average daily gain
AI artificial insemination
Analytical and statistical terms

ANOVA analysis of variance
BLUP best linear unbiased prediction
CI confidence interval
CL confidence limits
CoV [CV] coefficient of variation
SD standard deviation
SE standard error
SEM standard error of the mean

AR acrosome-reacted
ART assisted reproductive technology
ASA antisperm antibodies
BCS body condition score
BSA bovine serum albumin
BSE breeding soundness evaluation
BW birth weight
CASA computer-assisted semen analysis
CASA terms

ALH amplitude of lateral head displacement
BCF beat-cross frequency (Hz)
CASMA computer-assisted sperm morphometric 

assessment
LIN linearity
STR straightness (VSL/VAP)
TBS Tris-buffered saline
VAP average path velocity
VCL curvilinear velocity
VSL straight-line (rectilinear) velocity
WOB wobble (VAP/VCL)

CPA cryo-protective agent
CSS certified semen services (subsidiary of NAAB, 

USA)
DD distal cytoplasmic droplet
DHT dihydrotestosterone
DNA deoxyribonucleic acid
DPBS Dulbecco’s phosphate-buffered saline
DSO daily sperm output
DSP daily sperm production
DUI deep uterine insemination
EBV estimated breeding value
EN eosin-nigrosin stain
EPD estimated progeny difference
EQA external quality assurance
EQC external quality control
ESDAR European Society for Domestic Animal 

Reproduction
FBS formal buffered saline
FITC fluorescein isothiocyanate
FSH follicle stimulating hormone
FTAI fixed time AI

GnRH gonadotrophin releasing hormone
H33258, H33342, H 34580 Hoechst bis-benzimide 

blue DNA fluorochromes
HOS hypo-osmotic swelling (test)
HPG hypothalamic, pituitary gonadal axis
HRP horseradish peroxidase
ICI intracervical insemination
ICSI intracytoplasmic sperm injection
IQC internal quality control
ISO International Organization for Standardization
IU international unit
IUI intrauterine insemination
IVF in-vitro fertilization
LD live/dead estimation
LH luteinizing hormone
LN2 liquid nitrogen
Microscopy terms

DIC  differential interference contrast (phase) 
microscopy

EM electron microscope
HPF high-power field
LPF low-power field
NA numerical aperture
NC no coverslip
RI refractive index
SEM scanning electron microscope
TEM transmission electron microscope
WD working distance

NAAB National Association of Animal Breeders (USA)
NCD nuclear chromatin decondensation
NP non-progressive (motility)
NR non-return rate
OIE World Organisation for Animal Health (Office 

International des Epizooties)
PBS phosphate-buffered saline
PCR polymerase chain reaction
PD proximal cytoplasmic droplet
PIA percent intact acrosomes
PNA peanut agglutinin
PNL polynuclear leukocyte
PR progressive (sperm motility)
PS physiological saline (0.85% Sodium Chloride 

solution made in water).
PSA Pisum sativum agglutinin
QA quality assurance
QTL quantitative trait loci
Quality assurance terms

GLP good laboratory practice
QA quality assurance
QC quality control
QMS quality management system
SOP standard operating procedure
TQM total quality management

RBC red blood cell

Appendix I: Animal Andrology Acronyms and Abbreviations



8 P. Chenoweth

Appendix II: Good Laboratory Practice

● Considerations in preparing SOPs 
 SOPs must be comprehensive, covering all the 

necessary details to enable staff to complete the 
procedure. Information that should be listed 
includes the preferred suppliers of chemicals, rea-
gents, and equipment; the catalog numbers of 
reagents and the model numbers of equipment; 
the storage conditions and stability of chemicals 
and test substances; and acceptance criteria for 
valid procedures. In some instances, it may also 
be necessary to specify such factors as centrifuga-
tion speeds listed as X g rather than rpm (unless 
the rotor radius is stated), incubation conditions 
with tolerances, volumes with tolerances (if rele-
vant), and any other information that enables the 
accurate reproducibility of procedures.

● SOPs should be written by personnel who are 
familiar with the procedure and then approved 
by the management. They should be written in 
language that will be understood by the person 
using the SOP and checked for accuracy and 
quality. An SOP should be signed and dated by 
authorized personnel and, ideally, include the 
printed name of the signatory.

● All SOPs should be reviewed regularly, and the 
review date must appear on the documentation. 
They should be accessible to all and refer, when 
relevant, to product quality specifications. 
Above all, an SOP must be clearly presented and 
followed.

SOP format

There are many ways to format an SOP. When devel-
oping a format, consider the essential and informa-
tional categories such as the title and purpose (why it 

RNA ribonucleic acid
ROS reactive oxygen species
rpm revolutions per minute
SC scrotal circumference
SCSA sperm chromatin structure assay
SDI sperm deformity index
SFT Society for Theriogenology (USA)
SPA sperm penetration assay
USDA United States Department of Agriculture
UV ultraviolet
VD venereal disease
WBC white blood cell
WWT weaning weight
ZP zona pellucida

is written), the scope (where does it apply), the 
responsible party (who must apply it), references and 
other documents, safety considerations (such as the 
use of protective clothing or disposal procedures), the 
principles and preliminary operations, procedures 
that must be followed (including calculations), and 
documentation requirements.

Within the scope of GLP, several factors may not 
specifically be referred to in an SOP, i.e. those that 
are addressed and considered under the general 
dogma of regulatory compliance. Examples of 
these items include equipment, experimental proce-
dures, routine procedures, facilities and laboratory 
reagents and test substances, which are described in 
further detail below.

● Equipment: The types of equipment and appar-
atus that might be included are pipettes; balances; 
refrigerators and freezers; analytical machinery 
(CASA, spectrophotometers, densitometers); and 
centrifuges. The equipment should be for the 
intended purpose, kept in good, clean, working 
order, and used by trained personnel only. i.e. 
according to SOPs describing use, care, calibra-
tion, and cleaning routines. Regular calibration 
and servicing are essential; full records of main-
tenance and equipment checks must be kept in 
an easily retrievable form. If maintenance is the 
responsibility of external contractors, such work 
is acceptable without an SOP. If equipment is 
serviced and calibrated by internal staff, how-
ever, SOPs must be in place to cover the work.

● Experimental procedures must be fully docu-
mented and contain all pertinent details. For 
example, lot numbers, catalog numbers, supplier 
details and dates for when chemicals and rea-
gents arrive and when they are opened must be 
listed, as well as temperatures and times, specific 
identification of equipment used, and, perhaps 
most importantly, any deviations from the SOP. 
All this information must be recorded in dedi-
cated laboratory notebooks with individual page 
numbers. Experimental details and results should 
be easily located; a log page at the front of a 
notebook can help track recordings and observa-
tions. Any reference to computer files containing 
data should also be cataloged in the notebook. 
Data files should always be backed up in case of 
computer failure, corruption, or deletion.

● Routine procedures: Daily or scheduled tasks 
must be fully described in written SOPs. SOPs 
for routine procedures must not only describe 
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technical details but also a system for reporting 
results and the methods for cleaning and cali-
brating any equipment. Even routine procedures 
must be validated as appropriate for their 
intended use.

The validation of assays should include factors 
such as:

● specificity and selectivity;
● accuracy; and
● precision.

Validation protocols and reports must be written 
and available for every procedure. The most import-
ant criterion for any instructions is that they are 
adhered to.
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