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Foreword 
The ACS SYMPOSIUM SERIES was founded in 1974 to provide a 
medium for publishing symposia quickly in book form. The 
format of the Series parallels that of the continuing ADVANCES 
IN CHEMISTRY SERIES except that, in order to save time, the 
papers are not typeset but are reproduced as they are submitted 
by the authors in camera-ready form. Papers are reviewed under 
the supervision of the Editors with the assistance of the Series 
Advisory Board and
symposia; however, verbatim reproductions of previously pub
lished papers are not accepted. Both reviews and reports of 
research are acceptable, because symposia may embrace both 
types of presentation. 
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Preface 

PROPOSED GENERIC GOOD L A B O R A T O R Y PRACTICES have been 
published in the Federal Register; there will be a 90-day public 
comment period. This volume is intended for the chemists, quality 
assurance personnel, and laboratory managers who will need 
guidance in implementing the good laboratory practices for their 
studies. This book take
that all studies intende
compliance with good laboratory practice standards. 

The symposium on which this book is based fostered an 
understanding of the various aspects of developing or improving a 
quality assurance program for chemistry studies. Designed to bring 
together chemists and quality assurance specialists from industry, 
academia, and state and federal governments, the scope of the 
symposium ranged from summarizing current practices and 
identifying probable changes to defining what needs to be done and 
how to do it. The program focused on the cradle-to-grave philosophy 
of monitoring a study. The presentations began with an overview of 
good laboratory practice regulations from the perspectives of 
government, primarily the U.S. Environmental Protection Agency, 
and industry. The overview was followed by a discussion of the role 
of management and the interactions required between bench 
chemists and the quality assurance unit. The program then continued 
with the "hows" and "whys" of implementing the regulations to 
chemistry studies. 

As organizers of the symposium and editors of this volume, we 
thank the contributors, whose expertise and generosity with their 
time will make this book a valuable reference for those working in 
the quality assurance field. We also wish to express our appreciation 
to the National Agricultural Chemicals Association for their interest 
and support and to the Division of Agrochemicals of the American 
Chemical Society for sponsoring the forum. 
W I L L A Y. GARNER M A U R E E N S. B A R G E 
U.S. Environmental Protection Agency FMC Corporation 
Washington, DC 20460 Princeton, NJ 0 8 5 4 3 

January 20, 1988 
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Chapter 1 

Good Laboratory Practices 
Birth of a New Profession 

Carl R. Morris 

International Center for Health and Environmental Education, 
4600 Pinecrest Offic

A brief overview of some of the historical milestones 
in national and international Good Laboratory 
Practice (GLP) are presented. In particular, the 
work of the U.S. Food and Drug Administration and the 
U.S. Environmental Protection Agency to develop 
national GLP regulations are discussed as well as 
their efforts, within the Expert Group on GLP of the 
Organization for Economic Cooperation and Development 
(OECD), to harmonize GLP guidance for the 24 
countries of this international organization. The 
Expert Group was able to develop an international GLP 
guidance document on the Principles of GLP as well as 
two other guidance documents relating to the 
"Implementation of OECD Principles of GLP" and "OECD 
Guidelines for National GLP Inspections and Study 
Audits." The advent of national GLP regulations and 
international guidance on GLP has resulted in the 
creation of a new scientific, managerial 
professional--the quality assurance unit manager. 
The responsibilities of this new professional are 
discussed as well as the challenges that this 
professional will face in the future. 

The issue of the quality of laboratory data being submitted to 
governmental agencies is a major concern of the public as well as 
state and federal regulatory agencies. These concerns have resulted 
in the implementation of administrative procedures by regulatory 
agencies to assure that submitted data is reliable and of the 
highest quality with the present state-of-the-art. In order to 
better understand how these good laboratory practice (GLP) concerns 
were addressed, a brief overview of some of the historical aspects 
of GLP implementation is discussed including the birth of a new 
profession—the quality assurance unit manager. 

0097-6156/88/0369-0001 $06.00/0 
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2 GOOD LABORATORY PRACTICES 

H i s t o r i c a l Perspective 

During the period from l a t e 1960's-1975, f e d e r a l regulatory 
agencies were faced with a number of discrepancies i n data submitted 
to them. There were instances of l a b o r a t o r i e s not fo l l o w i n g 
pr o t o c o l s , the l a c k of documented standard operating procedures 
(SOPs) and, i f a v a i l a b l e , poor compliance with SOPs. Several 
l a b o r a t o r i e s had a general problem of poor documentation and 
incomplete r e p o r t i n g of data to regulatory agencies. I t was c l e a r 
that a b e t t e r job needed to be done i n the management of developing 
and reporting laboratory s t u d i e s . In some cases, data were 
submitted to regulatory agencies which subsequently e s t a b l i s h e d that 
the data submitted were never developed i n any laboratory. To 
respond to these iss u e s , Congress urged regulatory agencies to enact 
regulations to address these problems. The U.S. Food and Drug 
Administration responded with a proposed Good Laboratory P r a c t i c e 
(GLP) r e g u l a t i o n i n 197
1978. The Environmenta
a c t i v i t i e s with t h e i r i n i t i a l GLP proposal i n May 1979 and a f i n a l 
r e g u l a t i o n i n November 1983. 

Recognizing the importance of these GLP regulations on the 
i n t e r n a t i o n a l chemical trade and t h e i r p o t e n t i a l as n o n - t a r i f f 
b a r r i e r s to trade, the EPA and FDA j o i n e d with other countries to 
address these issues on an i n t e r n a t i o n a l b a s i s . Since 1977, the 
U.S. as w e l l as the other 23 Members of the Organization f o r 
Economic Cooperation and Development (OECD) have been involved i n 
extensive i n t e r n a t i o n a l c o nsultations concerning harmonization of 
chemical programs. As a part of these e f f o r t s , an i n t e r n a t i o n a l 
Expert Group on GLP was e s t a b l i s h e d i n 1978. During the next 3-4 
years, t h i s OECD Expert Group on GLP undertook a major e f f o r t 
d i r e c t e d toward the development of i n t e r n a t i o n a l g u i d e l i n e s f o r Good 
Laboratory P r a c t i c e (GLP). The p r i n c i p l e o b j e c t i v e of these 
g u i d e l i n e s was to assure, to the extent p r a c t i c a b l e under the laws 
of the OECD member countries, that data developed to meet one 
country's requirements would be acceptable to other c o u n t r i e s . 
There was strong endorsement of the work of the OECD Expert Group on 
GLP at meetings of high l e v e l n a t i o n a l regulatory o f f i c i a l s i n May 
of 1980, and i n November 1982. In May 1981, OECD member countries 
adopted a formal d e c i s i o n on the mutual acceptance of data which, to 
the extent p r a c t i c a b l e under the laws of OECD member countries, 
binds member countries to accept data generated according to the 
OECD Test Guidelines and the OECD P r i n c i p l e s of Good Laboratory 
P r a c t i c e f o r assessment purposes. 

In a d d i t i o n to the development of the OECD P r i n c i p l e s of GLP, 
the OECD Expert Group was given the r e s p o n s i b i l i t y of developing two 
a d d i t i o n a l guidance documents—one f o r the Implementation of OECD 
P r i n c i p l e s of GLP and one as OECD Guidelines f o r National GLP 
Inspections and Study Audits. 

The Implementation document encourages member countries to 
adopt the OECD P r i n c i p l e s of GLP i n t o t h e i r l e g i s l a t i v e and 
adm i n i s t r a t i v e frameworks. As a part of the adoption and 
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1. M O R R I S GLP: Birth of a New Profession 3 

implementation process, n a t i o n a l a u t h o r i t i e s should document t h e i r 
compliance programs, i n c l u d i n g p r o v i s i o n s f o r the d e c l a r a t i o n on the 
part of each laboratory that the study conducted t h e r e i n was i n 
accordance with the OECD P r i n c i p l e s of GLP or with n a t i o n a l 
regulations or equivalents conforming to these P r i n c i p l e s . National 
compliance programs should u t i l i z e laboratory inspections and study 
audits as p r i n c i p a l mechanisms whereby they can monitor compliance 
to the P r i n c i p l e s of GLP. I t was f u r t h e r recommended that n a t i o n a l 
a u t h o r i t i e s u t i l i z e properly t r a i n e d personnel who are competent to 
assess the compliance of l a b o r a t o r i e s with the P r i n c i p l e s as w e l l as 
to administer the GLP compliance programs. Within the documentation 
of each n a t i o n a l GLP compliance program, there should be pr o v i s i o n s 
f o r actions which may be taken by the n a t i o n a l a u t h o r i t y f o r non
compliance with the P r i n c i p l e s and pr o v i s i o n s to remedy any 
d e f i c i e n c i e s . 

With respect to i n t e r n a t i o n a
Implementation document
mechanism f o r recognizing the comparability of GLP compliance 
programs of each country. Although b i l a t e r a l c o nsultations and 
b i l a t e r a l memoranda of understanding between competent a u t h o r i t i e s 
have provided u s e f u l guidance i n the past, i t i s recognized that a 
m u l t i l a t e r a l mechanism f o r recognizing and f o s t e r i n g the development 
of comparable n a t i o n a l GLP compliance programs i s a more resource 
e f f i c i e n t approach. I, personally, support t h i s type of an 
approach. Although we may have some i n d i v i d u a l problems that are 
unique to our resp e c t i v e n a t i o n a l laws, I b e l i e v e that the major GLP 
implementation issues are e s s e n t i a l l y the same from one country to 
another. I b e l i e v e that we should s t r i v e \ t o i d e n t i f y those common 
issues and share the information concerning the approach to and 
r e s o l u t i o n of GLP implementation problems. The OECD GLP 
Implementation document encourages i n t e r n a t i o n a l c o n s u l t a t i o n and 
v e r i f i c a t i o n of GLP compliance programs. I t supports the 
establishment of an i n t e r n a t i o n a l GLP forum i n which n a t i o n a l 
competent a u t h o r i t i e s could meet at l e a s t once a year to (1) discuss 
t e c h n i c a l and adm i n i s t r a t i v e matters a r i s i n g from t h e i r r e s p e c t i v e 
n a t i o n a l GLP compliance programs, (2) promote cooperation between 
competent n a t i o n a l a u t h o r i t i e s , (3) exchange information on the 
t r a i n i n g of inspectors, and (4) promote f o r inspectors, p e r i o d i c 
seminars dealing with the prov i s i o n s of the P r i n c i p l e s and the 
various aspects of inspections and study audits. 

The OECD Guidelines f o r National GLP Inspections and Study 
Audits document serves as a companion document to the P r i n c i p l e s and 
i s intended to provide n a t i o n a l a u t h o r i t i e s a d d i t i o n a l guidance i n 
preparing and implementing t h e i r n a t i o n a l GLP compliance programs. 

As a r e s u l t of OECD Council a c t i o n , the major points 
recommended by the OECD Expert Group have been endorsed. The 
Council noted that member countries w i l l e s t a b l i s h t h e i r compliance 
procedures p r o g r e s s i v e l y according to t h e i r r e s p e c t i v e n a t i o n a l 
p r i o r i t i e s . The Council i n s t r u c t e d the Environment Committee and 
the Management Committee of the Special Program on the Control of 
Chemicals to: 
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4 GOOD LABORATORY PRACTICES 

(1) f o s t e r d i r e c t communications between n a t i o n a l a u t h o r i t i e s and to 
provide a forum w i t h i n the organization to discuss t e c h n i c a l and 
a d m i n i s t r a t i v e matters r e l a t e d to GLP compliance procedures; and 

(2) pursue a program of work designed to f a c i l i t a t e the 
implementation of these recommendations with a view toward member 
countries developing b i l a t e r a l and m u l t i l a t e r a l arrangements f o r the 
mutual r e c o g n i t i o n of n a t i o n a l GLP compliance procedures. 

National GLP Implementation Programs 

Over the past several years, several countries have been 
involved i n developing n a t i o n a l GLP r e g u l a t i o n s / g u i d e l i n e s and i n 
the implementation of GLP compliance monitoring a c t i v i t i e s . A b r i e f 
overview of those a c t i v i t i e s occurring here i n the U.S. i s 
presented. 

U.S. 

The most progress toward the implementation of GLP regulations 
f o r n o n - c l i n i c a l studies and GLP compliance monitoring programs i s 
best exemplified by the U.S. Food and Drug Administration's (FDA) 
e f f o r t s over the past 10 years. The FDA GLP r e g u l a t i o n s were 
published as f i n a l r u l e s i n 1978. I t s GLP Compliance Monitoring 
program has been a c t i v e l y involved i n inspections and study audits 
both domestically and i n t e r n a t i o n a l l y . f o r submitted s t u d i e s . In 
a d d i t i o n , the U.S. Environmental P r o t e c t i o n Agency has proposed GLP 
regulations f o r health and environmental studies under the Toxic 
Substances Control Act (TSCA) and f o r h e a l t h studies under the 
Federal I n s e c t i c i d e , Fungicide and Rodenticide Act (FIFRA). F i n a l 
GLP regulations under both of these a u t h o r i t i e s was published i n 
November 1983. Both TSCA and FIFRA regulatory programs have 
implemented i n s p e c t i o n and study audit a c t i v i t i e s i n v o l v i n g n a t i o n a l 
and i n t e r n a t i o n a l t e s t i n g l a b o r a t o r i e s . The h e a l t h inspections are 
coordinated through an interagency agreement with the FDA Compliance 
Monitoring program whereas the environmental inspections are being 
conducted by EPA Headquarters and Regional Inspectors. Study audits 
f o r a l l studies are being conducted by EPA Headquarters t e c h n i c a l 
s t a f f . These a c t i v i t i e s represent a major coordination e f f o r t on 
the part of U.S. regulatory agencies to harmonize t h i s country's 
regulatory i n i t i a t i v e s i n GLP. 

The B i r t h of a New Profession 

As previously i n d i c a t e d , these GLP regulations and 
i n t e r n a t i o n a l g u i d e l i n e s were w r i t t e n to address the issue of the 
conduct of studies and assuring t h e i r q u a l i t y . In order to address 
these issues, each of the regulations and the i n t e r n a t i o n a l 
g u i d e l i n e s c a l l s f o r the establishment of a Q u a l i t y Assurance Unit 
or " q u a l i t y assurance f u n c t i o n " w i t h i n each lab o r a t o r y . They a l s o 
s p e c i f y that c e r t a i n tasks be c a r r i e d out by t h i s u n i t or f u n c t i o n . 
These requirements have r e s u l t e d i n the c r e a t i o n of a new 
s c i e n t i f i c , managerial p r o f e s s i o n a l - the q u a l i t y assurance u n i t 
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1. MORRIS GLP: Birth of a New Profession 5 

manager. Unfortunately, many i n d i v i d u a l s were given r e s p o n s i b i l i t y 
f o r these new tasks with no guidance, other than the r e g u l a t i o n s , on 
how to conduct such a c t i v i t i e s . The regulations addressed broad 
areas of r e s p o n s i b i l i t y but the d e t a i l e d implementation was l e f t to 
these "new process managers." As f e d e r a l inspectors began to a r r i v e 
at l a b o r a t o r i e s to evaluate how the l a b o r a t o r i e s were doing i n 
complying with these new GLP r e g u l a t i o n s , the q u a l i t y assurance u n i t 
manager became he a v i l y i nvolved with regulatory a f f a i r s issues, 
management of processes to which they had no d i r e c t c o n t r o l , and, i n 
some cases, o u t r i g h t h o s t i l i t y from study d i r e c t o r s . These new 
p r o f e s s i o n a l s were t o t a l l y unprepared f o r such challenges. Over the 
course of the l a s t 10 years, these p r o f e s s i o n a l s have been able to 
win the confidence of t h e i r t e c h n i c a l peers as w e l l as those of 
f e d e r a l regulators through a long and arduous path f i l l e d with t r i a l 
and e r r o r , persistence, long hours, and a rare, thank you. However, 
new problems are now f a c i n g t h i s p r o f e s s i o n

During the past tw
assurance u n i t managers have l e f t the p r o f e s s i o n or have l e f t t h e i r 
management p o s i t i o n i n q u a l i t y assurance u n i t s of s e v e r a l major 
l a b o r a t o r i e s . Their departures have l e f t these f a c i l i t i e s with 
r e l a t i v e l y new, inexperienced young p r o f e s s i o n a l managers. Although 
the FDA Good Laboratory P r a c t i c e (GLP) r e g u l a t i o n s have been i n 
place f o r nearly 10 years and the EPA GLP regulations f o r 4 years, 
t r a i n i n g programs f o r these new p r o f e s s i o n a l s f o r addressing the 
issues of GLP compliance have been o f f e r e d by only a l i m i t e d number 
of t r a i n i n g i n s t i t u t i o n s . Academic t r a i n i n g programs i n the sciences 
have only touched on the regulatory a f f a i r s issues now being faced 
by these new p r a c t i c i n g p r o f e s s i o n a l s . 

The impact of these issues on the regulatory compliance process 
may be s i g n i f i c a n t . Regulatory agencies are l o o k i n g f o r laboratory 
organizations that are s t a b l e with a high l e v e l of q u a l i t y and 
i n t e g r i t y i n i t s s t a f f . Fewer regulatory v i s i t s w i l l be required i n 
those l a b o r a t o r i e s that demonstrate a highly t r a i n e d , competent 
s t a f f with a h i s t o r y of i n s t i t u t i o n a l c o n t i n u i t y . As the scope of 
studies r e q u i r i n g good laboratory p r a c t i c e management requirements 
i s expanded, the r e s p o n s i b i l i t i e s of these new q u a l i t y assurance 
p r o f e s s i o n a l s w i l l increase as w e l l as the demand f o r s u f f i c i e n t 
numbers of competent, w e l l - t r a i n e d p r o f e s s i o n a l s . One of my 
personal goals over the next 5 years i s to help these new 
p r o f e s s i o n a l s prepare themselves f o r t h e i r new challenges as 
laboratory q u a l i t y assurance managers. 

References 

1. Final Rule for Good Laboratory Practice Regulations under the 
Federal Food, Drug, and Cosmetic Act. 21 CFR Part 58. Federal 
Register, 43: pp 59986-60025. December 22, 1978. 

2. Good Laboratory Practice in the Testing of Chemicals, Final 
Report of the Group of Experts on Good Laboratory Practice, No. 
42353, Organization for Economic Cooperation and Development: 2 
rue Andre-Pascal, 75775 Paris Cedex 16, France, 1982. 

In Good Laboratory Practices; Garner, W., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1988. 



6 GOOD LABORATORY PRACTICES 

3. Final Rule for Good Laboratory Practice Standards under the 
Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA). 40 
CFR Part 160. Federal Register, 48: pp 53948-53969, November 
29, 1983. 

4. Final Rule for Good Laboratory Practice Standards under the 
Toxic Substances Control Act. 40 CFR Part 792. Federal 
Register. 48: pp 53922-53944. November 29. 1983. 

5. Morris, C.R. OECD Update. J. Amer. Coll. Toxicol., 5: pp 293-
296, 1986. 

6. Morris, C.R. Quality Assurance Principles for Applied 
Toxicology. In: Safety Evaluation: Toxicology, Methods, 
Concepts and Risk Assessment; Melman, M.A., Ed.; Advances in 
Modern Environmental Toxicology Series No. X; Princeton 
Scientific Publishing, pp 117-126, 1987. 

RECEIVED March 21, 1988 

In Good Laboratory Practices; Garner, W., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1988. 



Chapter 2 

Industry Perspective on Good Laboratory 
Practice Regulation of Chemical Studies 

John F. McCarthy 

National Agricultural Chemical Association, Washington, DC 20005 

In spring 1985, NAC  bega  addressing GLPs fo  chem
istry studies, and formed a Subcommittee to prepare 
guidelines for use by member companies. The Subcom
mittee deliberated, consulted EPA and completed the 
final document in mid-1986. The guidelines, modeled 
after FDA, EPA and OECD GLP regulations for animal 
studies, address residue (laboratory and field), meta
bolism (plant and animal), and environmental chemistry 
studies done for FIFRA registration requirements. 
However, they are more general due to the breadth of 
chemistry studies involved. During the development of 
GLP regulations by EPA, NACA encourages "non-compli
ance" audits of companies to assist them in their GLP 
programs. This provides EPA and industry opportunity 
to understand differing stances prior to a compliance 
situation. These experiences should aid EPA in 
developing regulations and prepare industry for 
regulatory compliance. Compliance should be phased in 
so that completed and ongoing studies are accepted 
even if regulations are not precisely met. 

Industry's ccmrdtmcnt to quality science is fundamental. The 
practice of quality science is at the heart of our industry. It is 
essential that the scientific cxxrmunity, regulators and the public 
have confidence in what we do and how we do i t . In other words, 
there should be no doubts about the validity of our data and the 
competence and integrity of our scientists. 

We a l l want to be trusted - it's a fundamental human need. 
Trust is something one earns. A basic principle of science is that 
experiments should be repeatable. That is, one investigator should 
be able to repeat the work of another. If experiments can't be 
repeated, then the trustworthiness of the original investigator may 
come into question. However, we cannot count on duplication as the 
only method of verification. There are simply not enough resources 
to do that. In addition, i t would not be a wise use of resources to 
verify everything done by the industry by repeating the experiments. 

0097-6156/88/0369-0007$06.00/0 
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8 GOOD LABORATORY PRACTICES 

There has to be another way. That's where GLPs and laboratory 
audits cone into play. 

The incident which occurred at a major toxicology testing 
laboratory i n the middle 1970's shook up the industry and taught us 
a lesson. Not only did we learn that we must pay more attention to 
what others (contractors) do for us, but we also needed to develop 
more rigorous GLP procedures within the corporate laboratory. This 
incident led to the promulgation of regulations by the Food and Drug 
Administration (FDA) on Good Laboratory Practices for non-clinical 
laboratory studies i n 1978. This was followed by EPA with GLP 
regulations for the same kinds of studies i n November 1983. I think 
i t ' s safe to say that back i n 1976 when the FDA regulations were 
f i r s t proposed, they weren't welcomed with open arms by the 
industry. The impact of these were primarily on the pharmaceutical 
industry. There was a lot of verbal sparring. The proposal was 
attacked as unnecessary  prohibitively expensive  and conducive to a 
s t i f l i n g bureaucratic blanke
investigations. 

By the time the EPA regulations were proposed i n 1980, the 
environment had changed somewhat. Industry had learned the value of 
GLPs. This i s not to say there were not thoughtful and germane 
comments on the EPA proposal. I believe a l l of this experience has 
prepared us for the GLP regulations of chemistry studies. However, 
before I get into the details of this aspect, I would like to give 
an overview of some of NACA's ac t i v i t i e s with respect to GLPs. 

NACA Acti v i t i e s 

Starting i n about 1978, the Research Directors Committee of the 
Association began to address the subject. The membership of the 
committee was polled regarding their views on data retention. This 
was largely stimulated by proposed EPA guidelines on this matter. I 
won't attempt to summarize the results of that survey, but emerging 
from i t was a consensus definition on the term "raw data," and a 
consensus statement on retention of samples. The definition of "raw 
data" which the industry preferred was as follows: 

"The term 'raw data' means laboratory or f i e l d worksheets, 
records, notes, or memoranda that are the result of observations, 
measurements or other a c t i v i t i e s which contribute significantly to 
the conclusions drawn from the testing or evaluation of a pesticide 
for purposes of registration." 

The words "contribute significantly" and "for purposes of 
registration" were key, and represented an important change i n the 
definition vis-a-vis what was proposed by EPA. It was f e l t that the 
inclusion of these words would be a more reasonable definition 
because i t reduced the scope of raw data retention to the very type 
which was needed for validation and which could be reasonably 
expected to be retained. 

With respect to retention, i t was the consensus of the 
Committee that EPA's definition was reasonable. However, i t was 
apparent that there was a variety of sample retention practices 
within the industry. Most companies did not make a special effort 
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2. MCCARTHY GLP Regulation of Chemical Studies 9 

to retain samples of a l l specimens used i n a l l of the testing at the 
time of the survey. This has now changed. 

Emerging from this exercise was the development of o f f i c i a l 
NACA position papers on "The Reliability of Test Data i n Pesticide 
Research" and "Good Laboratory Practices" i n 1979. Needless to say, 
the policy on the former indicated that the industry supported the 
concept of reliable test data i n pesticide research. The issue was 
how does one deterndne r e l i a b i l i t y or validi t y . The industry 
addressed the question this way: 

"Tests of validity should be based upon the appropriateness and 
quality of the test design; the manner i n which the research i s 
executed; documentation and records to support s c i e n t i f i c logic and 
expertise exhibited i n the evaluations and conclusions reported." 

As you can see, this touched upon some of the principles of 
GLPs, namely, documentation
the Good Laboratory Practice
need for consistency of regulations among the various regulatory 
agencies. The paper went on to recommend that the FDA GLPs be 
uniformly adopted by a l l regulatory agencies for regulation of 
health effects testing. The Association also endorsed the concept 
that a l l GLP standards should be specified exclusively i n GLP 
regulations and not incorporated into testing guidelines. 

The emphasis of these position papers was primarily i n the 
toxicology area. However, i t became clear as time passed that GLPs 
needed to be addressed with respect to other studies required for 
pesticide registration, namely, the chemistry studies. This then 
brings me to the current topic of this symposium. 

NACA GLPs For Chemistry Studies 

In the spring of 1985, the Research Directors Committee of NACA 
formed an ad hoc Subcommittee on Good Iiaboratory Practices for 
Chemistry Studies. The Subcommittee was composed of specialists 
from fifteen member companies who were responsible either for the 
management of these studies or the quality assurance aspects of 
these studies. It i s important to note that by 1985 a considerable 
number of companies had already established a quality assurance unit 
and were well underway with their GLP programs for chemistry 
studies. The Subcommittee was charged with the development of a 
document which addressed good laboratory practices standards for 
residue, metabolism and environmental chemistry studies which were 
conducted for registration. The document was to be made available 
to member companies to guide them i n the development of their GLP 
programs. The document was also to serve as a basis for industry 
discussions with EPA. on the subject of GLPs for chemistry studies 
done for pesticide registration. 

A f i n a l document was produced i n mid-1986. The guidelines were 
modeled after FDA, EPA and OECD GLP regulations for animal studies. 
The document addressed residue (laboratory and f i e l d ) , metabolism 
(plant and animal), and environmental chemistry studies done for 
FIFRA registration requirements. This paper w i l l not go into detail 
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10 GOOD LABORATORY PRACTICES 

conrerning the document other than to point out i t dealt with the 
following subjects: 

I. General Provisions 
A. Scope 
B. Definitions 
C. Applicability to Studies Performed Under Grants and 

Contracts 
D. Statement of Compliance or Noncompliance 
E. Inspection of a Testing F a c i l i t y 
F. Effects of Noncompliance 

II. Organization and Personnel 
A. Personnel 
B. Testing F a c i l i t y Management 
C. Study Director 
D. Quality Assuranc

III. F a c i l i t i e s 
A. General 
B. Animal Care F a c i l i t i e s 
C. Animal Supply F a c i l i t i e s 
D. F a c i l i t i e s for Handling Test and Control Substances 
E. F a c i l i t i e s for Data Storage and the Collection, Shipping 

and Storage of Samples 
F. Laboratory Operation Area 
G. Field Operation Area 

IV. Equipment 
A. Equipment Design 
B. Maintenance and Calibration of Equipment 

V. Testing F a c i l i t i e s Operation 
A. Standard Operating Procedures 
B. Reagents and Solutions 
C. Dietary Mixtures of Substances 

VI. Test and Control Substances 
A. Testing and Control Substance Characterization 
B. Test and Control Substance Handling 
C. Dietary Mixtures of Substances 

VII. Protocol for and Conduct of a Study 
A. Protocol 
B. Conduct of a Study 

VIII. Records and Reports 
A. Reporting of Study Results 
B. Storage and Retrieval of Records and Data 
C. Retention of Records 

These subjects were treated i n a general way. The entire 
document turned out to be 25 single-spaced, typewritten pages. 
During the development of the document, several consultations with 
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2. MCCARTHY GLP Regulation of Chemical Studies 11 

EPA personnel were held to exchange views and seek suggestions and 
comments on the direction being taken by the Subcommittee. In 
addition, a one-day workshop was held with company f i e l d personnel 
to develop the section dealing with the f i e l d aspects of residue 
t r i a l s . 

The preparation of this document had two main benefits. F i r s t , 
i t heightened the awareness i n the industry of GLPs for chemistry 
studies - what tliey are and how to organize to implement them - and 
i t provided a framework for ccmmenting on EPA's proposed GLP 
regulations. That i s , since the issues had been thought through and 
a consensus reached, evaluation of EPA's proposed guidelines should 
be fa c i l i t a t e d . Other benefits of the a c t i v i t i e s of this NACA 
Subcommittee were the members' shared experiences on dealing with 
GLPs and the exchange of information on EPA inspections. This leads 
me to the next subject. 

EPA and Non-Compliance Audit

EPA started non-compliance GLP audits i n about March of 1985. Some 
companies have experienced up to three such audits since then. 
I n i t i a l l y there was some misunderstanding with respect to the 
regulatory aspects of these EPA visitations. Some inspectors were 
i n i t i a l l y under the impression that the EPA's 1983 GLP regulations 
for non-clinical animal studies applied to the chemistry studies. 
This was later cleared up and i t became understood that these audits 
were of a non-compliance nature. They (the audits) were to provide 
guidance to industry on what a GLP program should consist of, and 
what the EPA would be looking for in a compliance situation. 
Feedback from our members indicates that they generally found these 
audits to be constructive. Many good suggestions were received from 
the EPA inspectors. Hopefully, EPA personnel also learned from 
these experiences and took away useful suggestions from the 
companies. I believe the program provided EPA and industry an 
opportunity to understand differing stances prior to a compliance 
situation. Hopefully, these have aided EPA in developing regula
tions. It seems apparent that these audits have prepared industry 
for regulatory compliance. 

There are some points which we believe EPA should bear i n mind 
as we move to a full-scale regulatory situation. The f i r s t i s with 
respect to training of auditors. There i s a need for consistency. 
There has been, during this non-compliance phase, some evidence of 
inconsistency. While this i s understandable during this learning 
phase, we believe i t ' s important to stress to EPA the need for 
consistency among auditors. None of us can l i v e with a moving 
target. 

The second point i s understanding the difference between a GLP 
audit, a data audit, and a technical audit. It i s the industry 
position that these are three separate entities. A l l of these are 
legitimate EPA a c t i v i t i e s . We realize i t ' s tempting for scientists 
to delve into the technical details of a particular study when 
conducting a GLP inspection. However, we believe this i s the 
purview of other EPA a c t i v i t i e s and the GLP inspector should "stick 
to the knitting." On the other hand, we realize that one cannot be 
blind to discrepancies between raw and reported data, and technical 
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12 GOOD LABORATORY PRACTICES 

quality issues which may surface during the GLP inspection. Under
standably, such observations w i l l be reported "up the line," but 
they should not be the main focus of the GLP inspector. Those 
issues should be l e f t to others to follow-up. 

The third area i s sample retention. The industry i s having 
some d i f f i c u l t y with this, particularly with respect to the 
retention of crop and tissue samples which have been analyzed for 
residues. A "forever" retention c r i t e r i a creates enormous practical 
problems. We would hope that the regulations w i l l provide some 
f l e x i b i l i t y i n this area. A fixed time limit seems reasonable. The 
NACA GLP guideline document dealt with sample retention as follows: 

"Test system samples which are relatively fragile and d i f f e r 
markedly i n st a b i l i t y and quality during storage shall be retained 
only as long as necessary to insure the val i d i t y of the study. 
There shall be appropriate standard operating procedures for 
disposal of test syste
substances, samples o
specially prepared materials, and test system samples shall be 
retained only as long as considered v a l i d by the study director." 

Proposed EPA GLP Regulations 

Specific comments on EPA's proposed regulations are not possible as 
they haven't issued as of the writing of this paper. NACA w i l l 
study these carefully and submit thoughtful and constructive 
comments. There are a couple of points, however, which we would 
lik e to stress. The f i r s t i s , we suggest i t be e x p l i c i t l y stated 
that the regulations do not cover efficacy t r i a l s . We believe that 
these t r i a l s present unique differences vis-a-vis laboratory studies 
such that the subject be dealt with separately. In addition, we 
prefer the terminology Good Field Practices (GFPs) rather than GLPs 
for efficacy t r i a l s . 

The second point i s that compliance should be phased i n so that 
completed or on-going studies are acceptable even i f the regulations 
aren't precisely met. In addition, there should be some time period 
between the publication of the f i n a l rule and s t r i c t enforcement of 
compliance with the regulation. While we recognize the industry has 
been well aware that compliance with GLPs was coming, and have had 
experiences with GLP audits, the regulations may have some 
subtleties \;hich companies have not anticipated. It would, 
therefore, take time to "gear-up" to assure that a l l aspects of the 
regulations w i l l be addressed. 

Summary 

The industry i s committed to GLPs. In principle, we support GLP 
regulations for chemistry studies. Our views on the specifics must 
await the issuance of the proposal by EPA. However, we believe the 
industry' i s prepared to deal with these regulations as a result of 
NACA's ac t i v i t i e s i n developing an industry GLP guideline document, 
and the experiences gained through EPA's non-compliance audits 
during the last two years. While EPA's audit program has been 
helpful, compliance with the new regulations should be phased i n . 
R E C E I V E D January 29, 1988 
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Chapter 3 

Chemical Aspects of Compliance with Good 
Laboratory Practices 

EPA Perspective on Generic Good Laboratory Practices 

Dexter S. Goldman 

Laboratory Data Integrity Assurance Division, Office of Compliance 
Monitoring, U.S. Environmenta

Current Environmental Protection Agency (EPA) 
Good Laboratory Practice (GLP) regulations under 
the Federal Insecticide, Fungicide, and Rodenti-
cide Act (FIFRA) apply only to health effects 
studies. The Toxic Substances Control Act (TSCA) 
GLPs already include both health effects, ecotox 
and chemical fate studies. To provide consistency 
in inspections and enforcement, an extension of 
the regulations is in development. These are 
designed as "generic" GLPs, that is, they are 
intended to be sufficiently broad to cover any 
test being submitted for regulatory purposes to 
the EPA without writing new GLP regulations for 
each new type of study as it becomes accepted 
by the scientific and regulatory community. 
Since not all GLP elements apply to all studies 
the proposed regulations are based upon those 
principles of GLPs that are applicable to that 
type of study. 

Someplace I seem to remember an old aphorism, maybe from the French, 
that says: the more things change the more they stay the same. The 
more things change with GLPs the more nothing changes. I can imag
ine that about ten years ago there was a great deal of trepidation 
and confusion about these new regulations that the Food and Drug 
Administration (FDA) was putting into effect - i t would put us 
all out of business ( which i t hasn't) - i t showed a lack of trust 
in our basic honesty (which i t didn't any more than any other 
regulation) - i t penalized us for the misdeeds of others (the wrong
doers were punished, not everyone) - i t dictated who we could hire 
(it didn't) and so on through a long l i s t of real and perceived i l l s . 

We are discussing today the proposed extension of these regula
tions and already I am hearing similar comments and arguments, and 
these from people who should know better. Not long ago I discussed 
this with someone from a giant corporation, which shall remain name-

This chapter not subject to U.S. copyright 
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l e s s , a c o r p o r a t i o n whose a g r o c h e m i c a l s research s e c t i o n has been 
engaged f o r y e a r s i n h igh q u a l i t y animal t e s t i n g l a b o r a t o r y work, 
both i n t e r n a l and by c o n t r a c t . There i s no q u e s t i o n i n t h i s 
company as t o where the Q u a l i t y Assurance U n i t f i t s i n t o the manage
ment s t r u c t u r e . Suddenly I am t o l d t h a t t h e r e are management 
q u e s t i o n s as to how Q u a l i t y Assurance p r i n c i p l e s are to be a p p l i e d 
t o t e s t i n g once we walk o u t s i d e the c o n f i n e s of the c l i m a t e -
c o n t r o l l e d a n a l y t i c a l and animal t e s t i n g l a b o r a t o r i e s and get i n t o 
f i e l d and r e s i d u e s t u d i e s . 

B a s i c GLPs as A p p l i e d t o A n a l y t i c a l Chemistry 

I would l i k e to e x p l a i n the b a s i c p r i n c i p l e s of both the o l d and 
and the new r e g u l a t i o n s and t r y to show how they apply to l a b o r a 
t o r i e s c o n d u c t i n g a n a l y t i c a l c h e m i s t r y . 

To a c e r t a i n e x t e n t t h i s i s a sham f o r t h e r e a r e many of you 
who are doing a n a l y t i c a
ments. Many of you s u p e r v i s e d i e t p r e p a r a t i o n t e c h n i c i a n s . Many 
o f you e i t h e r conduct on your own or s u p e r v i s e a n a l y t i c a l t e c h 
n i c i a n s who conduct the b a s i c work on s t a b i l i t y o f dosage forms, 
on homogeneity o f dosage forms, on s t a b i l i t y of t e s t c h e m i c a l s . 
You know a l r e a d y t h a t a l l t h i s work, c l e a r l y p a r t of the t o x i c i t y 
t e s t i t s e l f , must be conducted under the r e l e v a n t s e c t i o n s of the 
GLP r e g u l a t i o n s . So what i s t h e r e t h a t i s d i f f e r e n t about a n a l y t i 
c a l chemistry r e l a t e d t o t e s t s o t h e r than these t r a d i t i o n a l 
t o x i c i t y t e s t s ? 

The answer i s n o t h i n g . 
F o r chemists who have been doing work not c u r r e n t l y covered by 

the r e g u l a t i o n s I can t r y to a s s u r e you t h a t these r e g u l a t i o n s w i l l 
not work an unbearable h a r d s h i p on y o u . In f a c t , the general c o n 
sensus i s t h a t the h i g h e r your l e v e l of compliance the more l i k e l y 
you are to become more c o s t - e f f e c t i v e i n your work. 

For those of you who e x p e c t me to d i s c u s s not p r i n c i p l e s but 
r a t h e r d e t a i l s of a p p l i c a t i o n of e x t e n s i o n s of the GLPs to a n a l y t i 
c a l c h e m i s t r y , I must a p o l o g i z e f o r I have l i t t l e i n t e n t i o n of 
doing s o . There i s not h in g magical about chemist ry when i t comes 
to c o m p l i a n c e w i t h GLPs. The t e s t s a r e what count and those t e s t s 
must be conducted under the a p p r o p r i a t e p r i n c i p l e s of the concept 
of GLPs. The c o n t e n t s of t h i s paper would apply to a group of 
animal c a r e s p e c i a l i s t s , o r p a t h o l o g i s t s , o r h i s t o t e c h n i c i a n s , o n l y 
some of the examples w i l l have to be changed. 

G e n e r i c R e g u l a t i o n s and T e s t - S p e c i f i c R e g u l a t i o n s 

I would l i k e to d i s c u s s the o v e r a l l concepts t h a t had a major impact 
on the design of the proposed expanded GLP r e g u l a t i o n s . P r e v i o u s 
r e g u l a t i o n s have been w r i t t e n around a p a r t i c u l a r type of t e s t . The 
major d r i v i n g f o r c e f o r the Food and Drug A d m i n i s t r a t i o n was, of 
c o u r s e , s a f e t y t e s t s conducted i n v e r t e b r a t e a n i m a l s . By a d o p t i n g 
the FDA r e g u l a t i o n s w i t h a few added items s p e c i f i c to the EPA, the 
Agency was l o c k e d i n t o GLP r e g u l a t i o n s d i r e c t e d a t s h o r t and l o n g 
term animal t e s t i n g . E v e r y t h i n g then had to be p u l l e d and s t r e t c h e d 
to f i t the animal p r o c e d u r e s . We c o u l d c o n t i n u e t h i s approach and 
add GLP r e g u l a t i o n s f o r each major type of t e s t . T h i s would be a 
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never ending t a s k as no one can p r e d i c t the t e s t procedures t h a t 
w i l l be i n vogue i n 5 t o 10 y e a r s . Our s o l u t i o n was to go t o 
"generic" GLPs which s a i d , b a s i c a l l y , what I j u s t a l l u d e d t o , 
namely, i f you do a t e s t t h a t w i l l be s u b m i t t e d to t h e Agency, 
any t e s t , then i t must be conducted under the a p p l i c a b l e p r i n c i p l e s 
of good l a b o r a t o r y p r a c t i c e s . Th is i s shown i n the t e x t s e c t i o n s 
on purpose and scope taken from the preamble of the proposed GLP 
r e g u l a t i o n s f o r FIFRA and TSCA: 

PURPOSE (preamble) 

" . . . In a d d i t i o n , EPA i s proposing t o expand 
the scope of the FIFRA GLPs to i n c l u d e the 
environmental t e s t i n g p r o v i s i o n s c u r r e n t l y 
found i n the TSCA GLPs. EPA's proposed 
r e v i s i o n to the GLP
of the r e g u l a t i o n to i n c l u d e product p e r 
formance data ( e f f i c a c y t e s t i n g ) as r e q u i r e d 
by 40 CFR 1 5 8 . 1 6 0 . . . " 

SCOPE (preamble) 

EPA i s proposing t o r e q u i r e GLP c o m p l i 
ance f o r a l l s t u d i e s submit ted to the Agency 
which are intended to suport p e s t i c i d e research 
or market ing p e r m i t s . . . . " 

SCOPE (preamble) 

" E P A b e l i e v e s t h a t GLP standards must 
apply whenever data c o l l e c t i o n o c c u r s . Be
cause much of the t e s t data r e q u i r e d by t h i s 
Agency are developed i n the f i e l d , or more 
a c c u r a t e l y i n outdoor l a b o r a t o r i e s ( i . e . , 
ground water s t u d i e s , a i r m o n i t o r i n g s t u d i e s , 
d e g r a d a t i o n i n s o i l , e t c . ) , EPA i s proposing 
to i n c l u d e f i e l d t e s t i n g w i t h i n the scope of 
these r e g u l a t i o n s . . . . " 

I b e l i e v e t h a t t h i s c l e a r l y s t a t e s the Agency's p o s i t i o n on t e s t 
c o m p l i a n c e . 

The GLP r e g u l a t i o n s b o i l down to t h i s : i f you submit a study 
to a r e g u l a t o r y agency, then t h i s study s h o u l d have been conducted 
i n a proper f a c i l i t y by q u a l i f i e d p e r s o n n e l , u s i n g p r o p e r l y m a i n 
t a i n e d and c a l i b r a t e d equipment, f o l l o w i n g w r i t t e n s t a n d a r d 
procedures and checked r o u t i n e l y by an independent and q u a l i f i e d 
p e r s o n . A l l the o r i g i n a l data should be a r c h i v e d and i t s h o u l d 
be p o s s i b l e to v a l i d a t e the f i n a l r e p o r t of the study by an a u d i t 
of raw d a t a . 
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Changes i n D e f i n i t i o n s 

Once the b a s i c concept had been agreed to then most of the expan
s i o n c o u l d be accomplished by changing some d e f i n i t i o n s . For 
example, a " l a b o r a t o r y " has become a " t e s t f a c i l i t y " and a " t e s t 
f a c i l i t y " can be d e f i n e d as the p l a c e where a t e s t i s c o n d u c t e d . 
T h i s immediately moves us out of the t r a d i t i o n a l l a b o r a t o r y and 
encompasses f i e l d s t u d i e s , e c o t o x s t u d i e s , g e n e t i c tox s t u d i e s , 
r e e n t r y s t u d i e s , e t c . 

The r a t i o n a l e f o r these changes i n d e f i n i t i o n s i s g iven below 
i n s e c t i o n s taken from the preamble to the proposed r e g u l a t i o n s : 

SECTION 160.41 GENERAL (Preamble) 

" . . . The s t u d i e s FD
conducted w i t h i n the c o n f i n e s of a t r a d i 
t i o n a l i n d o o r l a b o r a t o r y . Because t h e 
c o n d i t i o n s s p e c i f i e d w i t h i n a p r o t o c o l can be 
a r t i f i c a l l y manipulated w i t h i n the t r a d i t i o n a l 
i n d o o r l a b o r a t o r y , the l o c a t i o n of these 
l a b o r a t o r i e s i s g e n e r a l l y not a f a c t o r i n 
d e t e r m i n i n g the q u a l i t y o f a s t u d y . . . . 
. . . However, the s t u d i e s EPA r e q u i r e s are n o t 
n e c e s s a r i l y conducted w i t h i n the c o n f i n e s 
of the t r a d i t i o n a l i n d o o r s c i e n t i f i c l a b o r a 
t o r y . . . EPA c o n s i d e r s any s i t e where t e s t i n g 
i s undertaken, f o r data r e q u i r e d by the Agency, 
t o be a t e s t i n g f a c i l i t y . The c o n d i t i o n s 
r e q u i r e d by the p r o t o c o l are not conducive t o 
a r t i f i c a l m a n i p u l a t i o n i n the f i e l d , o r o t h e r 
outdoor t e s t i n g f a c i l i t i e s . T h e r e f o r e , e n s u r i n g 
the s u i t a b i l i t y of the l o c a t i o n of these types 
of t e s t i n g f a c i l i t i e s i s both a v a l i d and necessary 
p a r t of EPA's GLP S t a n d a r d s . 

The next change i n d e f i n i t i o n has to do w i t h the term t h a t we 
we have been u s i n g . P l e a s e note t h a t I have mentioned f i e l d s t u d i e s , 
ecotox s t u d i e s , g e n e t i c tox s t u d i e s . What i s a "study"? The c u r r e n t 
GLP r e g u l a t i o n s d e f i n e a "study" as shown below: 

SECTION 160.3 D e f i n i t i o n s ( C u r r e n t ) 

160.3 (m) "Study" means any i n v i v o o r i n v i t r o ex
per iment i n which a t e s t substance i s studTeU 
p r o s p e c t i v e l y i n a t e s t system under l a b o r a t o r y 
c o n d i t i o n s to determine o r help p r e d i c t i t s t o x i 
c i t y , m e t a b o l i s m , or o t h e r c h a r a c t e r i s t i c s i n humans 
and domestic a n i m a l s . The term does not i n c l u d e 
s t u d i e s u t i l i z i n g human s u b j e c t s or c l i n i c a l s t u d i e s 
o r f i e l d t r i a l s i n a n i m a l s . The term does not i n -
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elude b a s i c e x p l o r a t o r y s t u d i e s c a r r i e d out to 
determine whether a t e s t substance has any p o t e n t i a l 
u t i l i t y o r to determine p h y s i c a l or chemical c h a r a c 
t e r i s t i c s of a t e s t s u b s t a n c e . 

S e c t i o n 160.3 D e f i n i t i o n s (Proposed) 

160.3 (m) "Study" means any experiment i n 
which a t e s t substance i s s t u d i e d i n a 
t e s t system under l a b o r a t o r y c o n d i t i o n s 
o r i n the environment to determine or 
help p r e d i c t i t s e f f e c t s , metabol ism, 
environmental and chemical f a t e , 
p e r s i s t e n c e , or o t h e r c h a r a c t e r i s t i c s 
i n humans, o t h e r l i v i n
media. The term does not i n c l u d e b a s i c 
e x p l o r a t o r y s t u d i e s c a r r i e d out to 
determine whether a t e s t substance has 
any p o t e n t i a l u t i l i t y . 

The e s s e n t i a l d i f f e r e n c e s between the two d e f i n i t i o n s are shown 
below: 

C h a r a c t e r i s t i c s of a "Study" 

1. What 

C u r r e n t : . . . A n y i n v i v o o r i n v i t r o e x p e r i 
ment. . . 

Propose: . . . A n y e x p e r i m e n t . . . 

2 . Where 

C u r r e n t : . . . U n d e r l a b o r a t o r y c o n d i t i o n s . . . 

Proposed: . . . U n d e r l a b o r a t o r y c o n d i t i o n s o r 
i n the e n v i r o n m e n t . . . 

3 . Why 

C u r r e n t : . . . T o determine or help p r e d i c t i t s 
t o x i c i t y . . . In humans and domestic 
a n i m a l s . 

Proposed: . . . T o determine o r help p r e d i c t i t s 
e f f e c t s . . . i n humans, o t h e r l i v i n g 
organisms, o r media. 
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4 . But Not 

C u r r e n t : . . . W h e t h e r a t e s t substance has any 
p o t e n t i a l u t i l i t y or to determine 
p h y s i c a l or chemical c h a r a c t e r i s t i c s 
of a t e s t s u b s t a n c e . 

Proposed: . . . W h e t h e r a t e s t substance has any 
b a s i c u t i l i t y . 

We have now expanded the scope of the r e g u l a t i o n s to become 
c o n s i s t e n t w i t h FIFRA's s t a t u t o r y requirements even though t h i s has 
meant a departure from the FDA's r e g u l a t i o n s . Each agency must 
meet i t s own s t a t u t o r y r e q u i r e m e n t s . 

We have r e d e f i n e d " t e s t f a c i l i t y " , we have r e d e f i n e d "study". 
The next d e f i n i t i o n has t
going t h e t e s t . Up to now t h i s has been t r a d i t i o n a l l y r o d e n t s , 
dogs and p r i m a t e s . By u s i n g the term " t e s t system" and d e f i n i n g 
" t e s t system" as t h a t to which the t e s t substance i s a p p l i e d , we can 
now i n c l u d e s o i l , r o d e n t s , p r i m a t e s , b a c t e r i a and so o n . I w i l l not 
go i n t o the s p e c i f i c proposed changes i n the t e x t but you w i l l see 
the emphasis i n the t e x t below which h i g h l i g h t s the t i t l e s of c e r 
t a i n s e c t i o n s : 

S e c t i o n 160.43 

C u r r e n t : Animal c a r e f a c i l i t i e s 

Proposed: T e s t System c a r e f a c i l i t i e s 

S e c t i o n 160.45 

C u r r e n t : Animal supply f a c i l i t i e s 

Proposed: Test system supply f a c i l i t i e s 

S e c t i o n 160.90 

C u r r e n t : Animal Care 

Proposed: Animal and o t h e r t e s t system c a r e 

"Test system" now i n c l u d e s animals as opposed to the o r i g i n a l 
t e x t which d e a l t w i t h animals to the e x c l u s i o n of o t h e r l i v i n g 
organisms and o t h e r media such as s o i l and water . In s h o r t , 
environmental p r o t e c t i o n d e a l s w i t h micro and macrocosms o t h e r than 
those represented by warm blooded v e r t e b r a t e a n i m a l s . 

I s e r i o u s l y doubt t h a t the proposed r e g u l a t i o n s c o n t a i n e d any
t h i n g t h a t i s u n f a m i l i a r to y o u . Before I look a t some of these 
broad p r i n c i p l e s i n a b i t more d e t a i l , e s p e c i a l l y as they apply to 
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the a n a l y t i c a l chemist ry l a b o r a t o r y , I want to repeat something I 
s a i d on the o v e r a l l p r i n c i p l e s behind the r e g u l a t i o n s : i f you sub
m i t a study to a r e g u l a t o r y agency, then t h i s study should have been 
conducted i n a proper f a c i l i t y by q u a l i f i e d p e r s o n n e l , u s i n g 
p r o p e r l y m a i n t a i n e d and c a l i b r a t e d equipment, f o l l o w i n g w r i t t e n 
s t a n d a r d procedures and checked r o u t i n e l y by an independent and 
q u a l i f i e d p e r s o n . A l l the o r i g i n a l data should be a r c h i v e d and i t 
s h o u l d be p o s s i b l e to v a l i d a t e the f i n a l r e p o r t of the study by an 
a u d i t of the raw d a t a . 

Major P r i n c i p l e s of Good L a b o r a t o r y P r a c t i c e s 

I want now to c o n s i d e r these p r i n c i p l e s i n a b i t more d e t a i l . 

Adequate F a c i l i t y 

F i r s t , a proper - o r b e t t e
n o t h i n g about l o c a t i o n , c o n s t r u c t i o n , u t i l i t i e s , a i r c o n d i t i o n i n g , 
bench and c a b i n e t c o l o r c o o r d i n a t i o n , e t c . Adequate from the p o i n t 
o f view t h a t t h e work can be done p r o p e r l y and s a f e l y . Enough room 
so t h a t personnel are not g e t t i n g i n each o t h e r ' s way i n a 
p o t e n t i a l l y dangerous f a s h i o n , enough room t o permit the work to be 
done p r o p e r l y and s a f e l y . Enough room t o p e r m i t the work to be done 
on t i m e , e s p e c i a l l y i f the t i m i n g i s c r i t i c a l to the outcome, enough 
room so t h a t work and e a t i n g areas are s e p a r a t e d , enough room so 
t h a t dangerous m a t e r i a l s can be segregated i f needed. Th is i s 
r e a l l y a management d e c i s i o n . 

Personnel 

Second, by q u a l i f i e d p e r s o n n e l . Is the person q u a l i f i e d ? That i s a 
management d e c i s i o n based on job a n a l y s i s , work and performance 
d e s c r i p t i o n , e t c . No one says t h a t a high school graduate cannot 
do a p e r f e c t l y adequate or b e t t e r job on some e s o t e r i c a n a l y t i c a l 
equipment than a graduate i n c h e m i s t r y . I am q u a l i f i e d i n 
a n a l y t i c a l chemist ry - on paper. I doubt t h a t t h e r e i s a s u p e r 
v i s o r who would put me i n t o an a n a l y t i c a l l a b o r a t o r y w i t h o u t 
e x t e n s i v e r e t r a i n i n g and measurable performance c r i t e r i a . 

M a i n t a i n e d and C a l i b r a t e d Equipment 

T h i r d , u s i n g p r o p e r l y maintained and c a l i b r a t e d equipment. There i s 
n o t h i n g p a r t i c u l a r l y new about t h i s . We expect to see records of 
c a l i b r a t i o n of equipment, e i t h e r done as a separate r o u t i n e or as 
p a r t of the a n a l y t i c a l sequence. Moreover, we expect to see a 
w r i t t e n r e c o r d of these c a l i b r a t i o n s and the r e c o r d should be unique 
t o t h a t p i e c e of equipment. The equipment should be p r o p e r l y main
t a i n e d and t h e r e i s to be a r e c o r d of t h i s maintenance. You main
t a i n and s e r v i c e i t , the d e a l e r does i t , the f a c t o r y does i t , what
e v e r . Someplace t h e r e i s a l o g t h a t shows when the equipment was 
taken out of s e r v i c e , what was wrong, when i t was f i x e d and r e c a l i 
b r a t e d , and when i t was put back i n t o s e r v i c e . Why - because the 
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r e g u l a t i o n s say s o . Why - because only by examining such records 
and comparing them w i t h the dates of the a n a l y t i c a l runs can we 
g a i n t h a t degree of c o n f i d e n c e so needed f o r a n a l y t i c a l c h e m i s t r y . 

But , you s a y , the equipment i s s e l f - c a l i b r a t i n g and no r e c o r d 
i s p o s s i b l e . True and w i t h o u t q u e s t i o n , but i s i t so much to ask 
t h a t t h e r e be a notebook showing day by day t h a t the s e l f - c a l i 
b r a t i n g sequence was run through and e v e r y t h i n g was hunky-dory? 

Standard Operat ing Procedures 

F o u r t h , f o l l o w i n g w r i t t e n standard o p e r a t i n g p r o c e d u r e s . There i s 
no mystique to SOPs, they are the h e a r t of any t e s t f a c i l i t y . They 
a s s u r e t h a t everyone f o l l o w s the same procedure each t i m e , t h a t 
t h e r e i s no o r a l law t h a t supercedes t h e w r i t t e n t e x t . How d e t a i l e d 
s h o u l d these be? There are t e x t books on the market w i t h standard 
o p e r a t i n g procedures w r i t t e n i n - j u s t l i k e you go to the s t a t i o n a r y 
o r o f f i c e supply shop an
ment. You have to f i l l i n the b l a n k s . My d e f i n i t i o n of an SOP i s 
a w r i t t e n procedure t h a t can be f o l l o w e d by any w e l l informed q u a l i 
f i e d i n d i v i d u a l wi th the complete e x p e c t a t i o n t h a t the a n t i c i p a t e d 
r e s u l t w i l l be o b t a i n e d . Can an i n s t r u c t i o n book be an SOP? 
Probably not. Most i n s t r u c t i o n books are w r i t t e n as i f 
they had been badly t r a n s l a t e d from a f o r e i g n language. 
They are f r e q u e n t l y d i f f i c u l t to understand. The i n s t r u c 
t i o n book can c e r t a i n l y be a p a r t of the SOP, but r a r e l y 
the SOP i t s e l f . 

SOPs and Residue Analyses 

Suppose we c o n c e n t r a t e f o r a moment on r e s i d u e a n a l y s e s . SOPs are 
b a s i c t o your o p e r a t i o n , to every f a c e t of your o p e r a t i o n . You d i d 
not do the f i e l d work o r the sampling but you assume these were done 
p r o p e r l y . You assume r e s p o n s i b i l i t y f o r the samples t h a t a r r i v e on 
your d o o r s t e p . In t h i s work, c h a i n of custody i s c r i t i c a l . Who 
r e c e i v e s a box of samples, who l o g s i t i n and how, who opens and 
i n s p e c t s the c o n t e n t s , who decides i f the storage was c o r r e c t ? How 
are the sample numbers logged i n , how i s the c o n t a i n e r s t o r e d u n t i l 
the samples are ready f o r a n a l y s i s , who assumes custody of each 
sample and when? Residue a n a l y s e s are f a r more than grabbing a 
sample from the f r e e z e r , homogenizing i t i n i s o o c t a n e and shoving i t 
i n t o a GC. I r e p e a t , c h a i n of custody and documentation of c h a i n of 
custody i s c r i t i c a l i n t h i s work. 

Q u a l i t y A s s u r a n c e , Concept and Operat ion 

F i f t h , checked r o u t i n e l y by an independent and q u a l i f i e d p e r s o n . 
This i s where the concept of Q u a l i t y Assurance (QA) comes i n and 
I can assure y o u , n o t h i n g i s more i m p o r t a n t w i t h i n the concept of 
GLPs than QA. As good as you a r e , the QA U n i t has the r e s p o n s i 
b i l i t y of double c h e c k i n g your procedures and your r e s u l t s and 
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a s s u r i n g management t h a t the work i s being p r o p e r l y conducted and 
t h a t t h e r e i s a h i g h degree of assurance t h a t the numbers can be 
r e l i e d upon. The QA U n i t uses your SOPs - t h a t you have w r i t t e n 
and s i g n e d o f f - to check your p r o c e d u r e s . The QA U n i t i s o b l i g e d 
t o s ign a statement t h a t i s u s u a l l y the second or t h i r d page of a 
f i n a l r e p o r t t h a t s t a t e s t h a t t h e work was done i n compl iance w i t h 
the GLP r e g u l a t i o n s and t h a t r e g u l a r compliance i n s p e c t i o n s were 
c a r r i e d out d u r i n g the study l i f e t i m e . Absent t h i s statement and 
the r e p o r t w i l l not even be c o n s i d e r e d by the Agency. The QA 
U n i t i s the most i m p o r t a n t management t o o l a v a i l a b l e to assure you 
and the Agency t h a t the r e p o r t can be r e l i e d on. The QA U n i t i s 
t h a t great common denominator i n the sky by which we can compare 
and c o n t r a s t f a c i l i t i e s and managements. 

E x t e n s i o n of Good Laboratory P r a c t i c e s to F i e l d and Residue S t u d i e s 

I t h i n k by now i t shoul
r e g u l a t i o n s i n the conduc
a c t u a l l y a s imple e x t e n s i o n of what we have been doing f o r a decade 
i n animal s t u d i e s . The requirements f o r the r e s i d u e l a b o r a t o r y 
p a r a l l e l those f o r the d i e t a n a l y s i s l a b o r a t o r y and s h o u l d p r e s e n t 
no s e r i o u s problems t o y o u . GLPs are a management t o o l and have 
n o t h i n g t o do w i t h s c i e n c e . 

There are some r e c u r r i n g q u e s t i o n s t h a t I might a n t i c i p a t e and 
answer now. 

P r o t o c o l s and Reports 

Does each study have to have i t s own p r o t o c o l ? B a s i c a l l y , y e s ; each 
study has to have i t s own p r o t o c o l but the p r o t o c o l can be a canned 
p r o t o c o l i n which you j u s t change a few words and r e f e r to the 
t e c h n i q u e s to be employed s i n c e each can be r e f e r r e d to as an SOP 
number. 

You must balance your needs f o r p r o d u c t i o n w i t h your c l i e n t s ' 
needs f o r complete and s e l f - c o n t a i n e d r e p o r t s . P r o t o c o l s need not 
be e x t e n s i v e or e l a b o r a t e ; the r e q u i r e d c o n t e n t of a p r o t o c o l or a 
study r e p o r t i s given i n the t e x t of the GLP r e g u l a t i o n s . 

Regulatory Schedule 

When w i l l the new r e g u l a t i o n s be f i n a l ? The proposed r u l e s went 
i n t o f i n a l Agency i n t e r n a l r e v i e w on August 4 . The s t a t u e s r e q u i r e 
us to g ive o t h e r Agencies - n o t a b l y the USDA - up to 60 days to 
respond i n w r i t i n g p r i o r t o p u b l i c a t i o n . Congress has been a p p r i s e d 
of the proposed r e g u l a t i o n s and has a comment p e r i o d . P u b l i c a t i o n 
and request f o r comment should be toward the end of December. T h i s 
suggests a review of comments by March 1988 w i t h a f i n a l d r a f t 
prepared s h o r t l y a f t e r t h a t . P u b l i c a t i o n of the f i n a l r e g u l a t i o n s 
might occur i n May of 1988 w i t h an e f f e c t i v e date f o r TSCA 30 days 
l a t e r and an e f f e c t i v e date f o r FIFRA - due to s t a t u t o r y 
d i f f e r e n c e s - perhaps 90 days l a t e r . 
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Types of S t u d i e s Covered 

What types of s t u d i e s w i l l the new r e g u l a t i o n s cover? B a s i 
c a l l y any study submit ted to the Agency i n support of a FIFRA 
r e g i s t r a t i o n or r e r e g i s t r a t i o n . There are c e r t a i n minor exemptions 
f o r some p h y s i c a l and chemical c h a r a c t e r i s t i c s . 

W i l l e f f i c a c y s t u d i e s be covered? Only those e f f i c a c y s t u d i e s 
r e q u i r e d by FIFRA to be r e p o r t e d to the Agency. Th is w i l l i n c l u d e 
a n t i m i c r o b i a l e f f i c a c y , v e r t e b r a t e p e s t i c i d e e f f i c a c y , e t c . I t w i l l 
not i n c l u d e e f f i c a c y s t u d i e s a l r e a d y excluded by S e c t i o n 158.160 of 
FIFRA which are p a r t of research and development and o r d i n a r i l y not 
c a l l e d i n by the Agency. 

Study D i r e c t o r 

Must t h e r e be a Study D i r e c t o r f o r each study? Not n e c e s s a r i l y . 
The Department head can
n i c i a n can be o v e r a l l Study D i r e c t o r . The p o i n t i s t h a t t h e r e has 
to be someone i n o v e r a l l charge and a c c o u n t a b l e f o r the s t u d y . 

How can I be a Study D i r e c t o r when I had no c o n t r o l over the 
f i e l d o p e r a t i o n s ? That i s a good q u e s t i o n and I am g l a d I asked i t . 
That q u e s t i o n was not addressed i n the proposed r e g u l a t i o n s and w i l l 
have to be worked out a f t e r the p u b l i c comment p e r i o d c l o s e s . 

Data R e c o r d i n g 

Must I r e c o r d each study i n a s e p a r a t e notebook? No. You a l r e a d y 
have adequate means of c a r r y i n g m u l t i p l e s t u d i e s i n one l a b o r a t o r y 
workbook and you have procedures i n p l a c e to assure t h a t a c l i e n t 
sees o n l y h i s data d u r i n g an a u d i t . A l l data s h o u l d be recorded i n 
ink and a l l changes s h o u l d be a u t h o r i z e d by procedures t h a t are 
a l r e a d y i n p l a c e . 

Compliance I n s p e c t i o n s 

How o f t e n w i l l my l a b o r a t o r y be i n s p e c t e d o r s t u d i e s be a u d i t e d ? 
The s t r a t e g y and the p o l i c y have not y e t been worked o u t . In the 
p a s t we have t r i e d to get to a g i v e n f a c i l i t y about every two y e a r s . 
I am s t i l l unsure as to how we w i l l cover them. We are r e a s o n a b l y 
f a m i l i a r w i t h the p o p u l a t i o n of a n a l y t i c a l l a b o r a t o r i e s and are 
a b l e t o keep up wi th the two-year schedule so f a r . I f you t h i n k 
t h a t we are unaware of your presence you might be r i g h t . A l a b o r a 
t o r y i s not put i n t o our i n v e n t o r y u n t i l i t submits a study or i t s 
name comes up as r e s p o n s i b l e f o r p a r t of another s t u d y . So, even 
i f you are d o i n g s t u d i e s t h a t you know are coming to the Agency we 
w i l l not know of your e x i s t e n c e u n t i l the study i s submitted and 
your name e n t e r e d i n t o the data base. 

Summary 

I have wandered a f i e l d from o r d i n a r y c h e m i s t r y and t h a t i s probably 
because the p r i n c i p l e s of t h e Good L a b o r a t o r y P r a c t i c e r e g u l a t i o n s 
apply to a l l s c i e n t i f i c d i s c i p l i n e s i n v o l v e d i n t e s t i n g of a g r i 
c u l t u r a l c h e m i c a l s f o r p o t e n t i a l t o x i c i t y . Those items of p a r t i c u l a r 
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importance to the chemist w i l l be the c a l i b r a t i o n and maintenance of 
equipment, the c h a i n of custody of s a m p l e s , the proper care of n o t e 
books, the c o o p e r a t i o n w i t h the QA U n i t and the a r c h i v i n g of raw 
d a t a . 

I hope t h a t t h i s d i s c u s s i o n has helped t o d i r e c t your thoughts 
and e n e r g i e s toward what w i l l have to be done a n d , a t the same t i m e , 
a s s u r e you t h a t the burden i s not extreme. 

R E C E I V E D March 21 , 1988 
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Chapter 4 

Directive and Supportive Roles of Management 

G. Burnett, J . W. Smith, W. B. Nixon, and P. M . Hernan 

Agricultural Division, Quality Assurance Unit, Ciba-Geigy Corporation, 
Greensboro, NC 27419 

Management has bot
responsibilitie  operation  quality 
assurance unit to fully achieve compliance with Good 
Laboratory Practice regulations (1,2). The tone for 
the entire testing facility is set by management 
since it is their ultimate responsibility to 
establish and endorse procedures and policies which 
ensure a commitment to quality. 

Responsibilities that management must meet for its quality 
assurance function can be broadly categorized as directive and 
supportive. These responsibilities must be executed by management 
by defining and implementing programs, including the establishment 
of a quality assurance program, to guarantee that a l l studies that 
management sponsors or conducts are in compliance with Good 
Laboratory Practice (GLP) regulations. It is management that 
establishes and endorses the concept of quality which is the 
cornerstone upon which GLP compliance is built. 

In accordance with GLP regulations, management must establish 
a quality assurance unit (QAU). Management must decide on the 
number of personnel required to provide effective and complete 
quality assurance. Further, management must ascertain the 
qualifications and training needed for personnel in the unit to 
perform effectively. Considerable thought, and foresight are 
required to structure a QAU which serves as an effective management 
tool. The QAU is responsible by being an independent observer, for 
monitoring nonclinical studies for GLP compliance and reporting to 
management the results of these monitoring activities. Management 
must rely upon its QAU to provide judgements whether research is 
being conducted according to applicable guidelines and regulations. 
Unbiased and accurate information is essential to allow management 
to make informed judgements on the quality of the studies conducted 
and the overall performance of their testing facility. 

Management must position the QAU within the hierarchy of the 
organization to vest it with sufficient authority to perform its 
management defined functions. Further, in order for the QAU to 
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maximize i t s e f f e c t i v e n e s s , the unit must be positioned separate 
from personnel conducting or d i r e c t i n g studies in the organiza
t i o n a l s t r ucture such that the unit can be unbiased in judgements 
of the GLP compliancy of the studies audited and f a c i l i t i e s 
inspected. 

Aft e r a QAU i s established and provided with adequate numbers 
of q u a l i f i e d personnel, management has the supportive r o l e of pro
v i d i n g t r a i n i n g to c o n t i n u a l l y upgrade the s k i l l s of the QAU s t a f f . 
This i s p a r t i c u l a r l y important as management redefines i t s expec
ta t i o n s of the QAU. This should be accomplished by providing 
courses, attendance at p r o f e s s i o n a l meetings, promoting peer i n t e r 
a c t i o n s , e t c . 

Management i s responsible for the evaluation of the QAU's 
a b i l i t y to provide e f f e c t i v e q u a l i t y assurance. Since management 
r e l i e s on the QAU for input on the GLP compliance status of the 
t e s t i n g f a c i l i t y operation d stud  conduct d t mak
deci s i o n s based on t h i
of the v a l i d i t y and accurac
a t i o n s . Thus, management must p e r i o d i c a l l y monitor the actions of 
the QAU and conduct reviews of i n t e r n a l QAU SOPs. Management's 
assessment program should include a review of QAU personnel records 
to determine that the s t a f f i s w e l l - q u a l i f i e d , adequately trained 
and in s u f f i c i e n t number. Management must also examine the QAU's 
adherence to regulatory requirements, a b i l i t y to adequately defend 
company GLP and q u a l i t y assurance programs and adherence to QAU 
SOPs and monitoring schedules. In a d d i t i o n , management needs to 
review the completeness and accuracy of QAU records and re p o r t s , 
and the a b i l i t y of the u n i t to e f f e c t i v e l y i n t e r a c t with a l l l e v e l s 
of the o r g a n i z atio n necessary to accomplish the q u a l i t y assurance 
f u n c t i o n . The evaluation program should determine whether the QAU 
is performing as d e s i r e d . Management should develop, during the 
QAU assessment, recommendations to improve the o v e r a l l e f f e c t i v e 
ness of the QAU operation and schedule programs to implement the 
recommendations. 

The most important supportive r o l e of management i s the 
c o r r e c t i o n of deviations from GLP r e g u l a t i o n s reported by the QAU. 
Management must design, implement, enforce, and, i f necessary, 
a l t e r e x i s t i n g p o l i c i e s and procedures to prevent recurrence of 
reported d e v i a t i o n s . Management must act promptly upon the 
findings reported by the QAU and ensure adequate responses by study 
personnel. Only management has the authority to ensure that 
deviations are corrected, or, when necessary, that o p e r a t i o n a l 
procedures are changed. This r o l e of management support of the QAU 
minimizes the p o t e n t i a l for a d v e r s a r i a l r e l a t i o n s between study 
p a r t i c i p a n t s and QAU personnel. 

Another supportive r o l e that management must accept i s the 
p r o v i s i o n for a d d i t i o n a l resources when QAU r e s p o n s i b i l i t i e s are 
increased e i t h e r by management, by revised or new r e g u l a t i o n s , or 
by increased study workloads. Such resources include personnel, 
o f f i c e space, equipment, c l e r i c a l support, e t c . Management must 
c o n t i n u a l l y review and balance the a l l o c a t i o n of resources to the 
q u a l i t y assurance and s c i e n t i f i c study areas to e f f i c i e n t l y operate 
with the desired l e v e l of q u a l i t y . 
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GLP r e g u l a t i o n s further charges management to e s t a b l i s h 
archives for the o r d e r l y storage and expedient r e t r i e v a l of study 
records, raw data, and/or specimens. Since most organizations 
choose to s t r u c t u r e the archive function under the auspices of the 
QAU, management not only has the same d i r e c t i v e and supportive 
r e s p o n s i b i l i t i e s for the archives as i t does for the QAU, but has 
a d d i t i o n a l r o l e s . Management must provide the necessary f a c i l i t i e s 
for storage of a l l raw data, study conduct documentation, or 
specimens under conditions which minimizes d e t e r i o r a t i o n during 
r e t e n t i o n . Archive f a c i l i t i e s must have adequate f i r e p r o t e c t i o n , 
the contents properly indexed, and entry l i m i t e d to authorized 
personnel only. Management must also i d e n t i f y an i n d i v i d u a l to be 
responsible for the a r c h i v e s . 

In summary, management must perform both d i r e c t i v e and 
supportive r o l e s i n q u a l i t y assurance programs. Management 
deci s i o n s made regarding the QAU s t a f f i n g l e v e l  q u a l i f i c a t i o n s of 
the QAU s t a f f members,
zation provide the basi
The supportive r e s p o n s i b i l i t i e s of upgrading the s k i l l s of QAU 
s t a f f members, evaluation of t h e i r e f f e c t i v e n e s s , c o r r e c t i n g 
d e f i c i e n c i e s reported by the QAU, and committing the necessary 
l e v e l of resources to q u a l i t y assurance functions provide e s s e n t i a l 
elements for e f f e c t i v e QAU operation. 
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Chapter 5 

The Human Element of Quality Assurance 

Gioya Bennett, Janet Evans, and Norma Roadcap 

Department of General Services, Division of Consolidated Laboratory 
Services, Bureau of Chemistry, Commonwealth of Virginia, 

Richmond, VA 23219 

The human elemen
Assurance Programs
the more individualistic atmosphere of the labora
tory as compared to a production line. Chemists 
must understand and appreciate the need for QA and 
its application to various laboratory operations. 
The QA staff must understand the laboratory's func
tions. A successful program requires cooperative 
efforts. What is needed is participation, not dic
tation. The authors, from private and public 
experience, discuss the need for QA from the 
chemist's perspective, and describe ways to produce 
a cooperative and effective program. The goal is 
the production of valid, supportable data. 

The human element is a vital factor contributing to the success of 
any endeavors undertaken by an organization. Successful implemen
tation of Good Laboratory Practice (GLP) regulations requires 
recognition of the role of the human element in the laboratory. 
When confronted with a mandated quality assurance (QA) regulation, 
such as the GLPs, bench scientists often express concerns regard
ing the need for such extensive QA practices, the increased paper
work associated with such a program, the time and resource alloca
tion required above and beyond the regular workload, as well as 
the question of trust. While such concerns are valid, these human 
apprehensions can best be overcome by involving all levels of 
personnel in the design, implementation, and evaluation of an 
overall QA program. GLPs, or any mandated QA policy should be 
considered the framework around which a comprehensive QA program 
meeting the organization's needs is developed. While it is the 
bench chemist who is primarily responsible for the analytical 
process to which the GLPs apply, the input of the bench chemist is 
often overlooked in the development and implementation of a 
quality assurance program. It is desirable, however, to design a 
quality assurance program which encourages and fosters the inter
action of the entire staff. 
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Such a program i s more l i k e l y to be w e l l received and generally 
accepted because i t provides a mechanism f o r bench chemists to 
express t h e i r concerns, and to p a r t i c i p a t e a c t i v e l y i n the 
program. 

At the Commonwealth of V i r g i n i a ' s D i v i s i o n of Consolidated 
Laboratory Services (DCLS), a q u a l i t y assurance program has been 
developed which focuses on the i n t e r a c t i o n between management, the 
bench analyst, and the q u a l i t y assurance u n i t . I t i s important 
that these groups i n an organization not be p i t t e d against each 
other as adversaries, but joined together as a l l i e s , i n a coopera
t i v e e f f o r t to achieve a common goal. While DCLS does not f a l l 
under the j u r i s d i c t i o n of the GLP reg u l a t i o n s , the QA program i s 
nevertheless based on a mandated i n t e r n a l QA p o l i c y , which con
tains s i m i l a r compliance elements. In a d d i t i o n , DCLS does have to 
comply with requirements s i m i l a r to the GLPs, such as the EPA 
regulations f o r the Safe Drinking Water Act  the a c c r e d i t a t i o n 
program of the U.S. Dept
Inspection Service, an
Administration programs and Occupational Safety and Health Act 
(OSHA) standards. 

At DCLS, consideration of the human fa c t o r has a l l e v i a t e d 
negative perceptions, apathy, skepticism and fear toward QA, 
r e s u l t i n g i n a s u c c e s s f u l program i n which a l l l e v e l s of personnel 
a c t i v e l y p a r t i c i p a t e . I t i s hoped that the p o s i t i v e experiences 
of developing the QA program at DCLS w i l l provide some guidance to 
other organizations faced with the s i m i l a r task of implementing 
the GLPs. 

Overview of the DCLS QA Program 

To understand the approach taken i n developing the QA program at 
DCLS, i t i s necessary to have a general overview of the organiza
t i o n a l s t r ucture of the laboratory, and of the program i t s e l f . 
DCLS i s the a n a l y t i c a l regulatory laboratory f o r the State of 
V i r g i n i a , and i s s t a f f e d by nearly 350 employees analyzing over a 
m i l l i o n samples a year. The laboratory c o n s i s t s of a Qu a l i t y 
Assurance Section and the Bureaus of Chemistry, Forensic Science, 
M i c r o b i o l o g i c a l Science, and Technical and L o g i s t i c Support. The 
QA program i s based on a D i v i s i o n QA P o l i c y mandated by the 
Laboratory D i r e c t o r , and a D i v i s i o n QA Plan which e s t a b l i s h e s 
broad guidelines f o r more s p e c i f i c Bureau QA Plans. Each Bureau 
i s d ivided i n t o diverse a n a l y t i c a l sections which operate under 
even more i n d i v i d u a l i z e d QA plans that are patterned a f t e r the 
Bureau Plan. 

The Q u a l i t y Assurance and Laboratory Inspection Section at 
DCLS co n s i s t s of a s t a f f of f i v e , and i s responsible f o r a number 
of functions i n a d d i t i o n to i t s QA fun c t i o n . S t a f f members 
inspect and c e r t i f y independent and municipal l a b o r a t o r i e s i n 
V i r g i n i a that conduct analyses covered by EPA's Safe Drinking 
Water Act. In a d d i t i o n , the sec t i o n i s responsible f o r adminis
t e r i n g the safety program f o r the laboratory. Another function of 
the s e c t i o n i s to evaluate a number of products f o r compliance 
with b i d s p e c i f i c a t i o n s i n support of procurement a c t i v i t i e s f o r 
the D i v i s i o n of Purchases and Supply. Because of these 

In Good Laboratory Practices; Garner, W., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1988. 



5. BENNETT ET AL. The Human Element of Quality Assurance 29 

m u l t i p l e r e s p o n s i b i l i t i e s , and the large s i z e of the laboratory, 
an o r g a n i z a t i o n a l support structure i s necessary to a s s i s t t h i s 
s e c t i o n i n the administration of i t s QA fun c t i o n . The D i v i s i o n QA 
P o l i c y and QA Plan s p e c i f y the c r e a t i o n of o r g a n i z a t i o n a l subunits 
responsible f o r QA. These include D i v i s i o n and Bureau QA Teams 
composed of bench s c i e n t i s t s . I n d i v i d u a l Bureau QA Plans assign 
a d d i t i o n a l QA r e s p o n s i b i l i t y to Section Representatives and QA 
Audit Teams, which again involve bench ana l y s t s . 

I t should be noted that the basic elements of the DCLS QA 
Program c l o s e l y p a r a l l e l those set f o r t h i n the GLP r e g u l a t i o n s . 
Each of the major components of the GLPs i s addressed i n the BOC 
QA Plan. 

Involvement of Personnel i n the Development of the QA Program 

The DCLS QA Program evolved  r e s u l t f p a r t i c i p a t i o d input 
from a l l l e v e l s of personne
the Bureau of Chemistr
serves as the prototype f o r QA programs i n the other Bureaus, 
although each Bureau i s expected to address i t s own unique func
tions i n the preparation of a QA plan. 

The program was mandated i n i t i a l l y not only by a management 
p o l i c y , but also by a S t r a t e g i c Plan f o r the laboratory. Both 
documents emphasized management support f o r the development of a 
QA program, as we l l as a commitment to i n v o l v i n g the e n t i r e s t a f f 
i n t h i s process. The degree of management support f o r the program 
i s r e f l e c t e d i n the p o l i c y statement, " Only safe working condi
t i o n s f o r a l l personnel have higher D i v i s i o n p r i o r i t y " ( 2 ) . An 
o v e r a l l D i v i s i o n QA Plan was w r i t t e n by management i n c o n s u l t a t i o n 
with the QA Section. Management immediately involved bench 
chemists i n the program development phase by assigning analysts to 
serve as Bureau QA Team Leaders. In the BOC, the team leader then 
chose two a d d i t i o n a l team members to a s s i s t i n preparing a Bureau 
QA Plan. These i n d i v i d u a l s were selected because of t h e i r t e c h n i 
c a l expertise and knowledge of QA p r i n c i p l e s . They accepted t h i s 
a d d i t i o n a l r e s p o n s i b i l i t y because of t h e i r commitment to the 
concept of QA, as w e l l as t h e i r desire to have input i n t o the 
program. This core group of people dedicated to enhancing the 
q u a l i t y of work performed was viewed as an i n t e g r a l part of the 
laboratory f u n c t i o n . The j o i n t e f f o r t s of these i n d i v i d u a l s over 
a period of four months re s u l t e d i n a Bureau QA Plan that was 
reviewed and accepted by management and the QA Section as a guide
l i n e for the preparation of more s p e c i f i c Section QA Plans. 
Throughout t h i s process, management and the QA Section provided 
guidance and support, but bench s c i e n t i s t s serving on the QA Team 
were free to develop the QA program within the framework of the 
mandated p o l i c y . 

A f t e r the development of the D i v i s i o n and Bureau QA Plans, 
involvement of the e n t i r e s t a f f was sought. Section Representa
t i v e s were selected to oversee the w r i t i n g of i n d i v i d u a l i z e d 
Section QA Plans. Work assignments were made each week, and 
assignments from the previous week were reviewed, to ensure timely 
completion of t h i s task. I t was at t h i s stage that problems were 
f i r s t encountered with r e s i s t a n c e and negativism toward the 
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concept of a mandated QA program. The program was i n i t i a l l y 
perceived as a major change i n laboratory p r a c t i c e s , and analysts 
were concerned about the added demands i t would place on e x i s t i n g 
resources. Because the QA Team i t s e l f was composed of bench 
ana l y s t s , i t could e f f e c t i v e l y understand and empathize with these 
f e e l i n g s . I t was necessary to reassure analysts that t h e i r 
current laboratory performance was good, but that documentation of 
q u a l i t y work i s e s s e n t i a l to maintaining laboratory c r e d i b i l i t y . 
I t was pointed out that most of the proposed QA p r a c t i c e s were 
already i n existence, but just needed to be formalized. Manage
ment's w i l l i n g n e s s to a l l o c a t e time and resources to the implemen
t a t i o n of the QA program a l l e v i a t e d concerns over the consequences 
of reduced sample output while i n s t i t u t i n g a d d i t i o n a l QA prac
t i c e s . As understanding of the QA program grew, each laboratory 
w i t h i n the BOC learned to develop an atmosphere of cooperation and 
accord, whereby everyone strove to meet t h e i r common QA goals
The involvement of benc
r e s u l t e d i n f u n c t i o n a
The importance of t h i s work was f e l t by a l l l e v e l s of personnel, 
from technicians to the upper l e v e l of management. 

During the process of w r i t i n g the Section Plans, t r a i n i n g and 
education were other e s s e n t i a l elements which influenced the bench 
chemists i n overcoming t h e i r apathy and skepticism. At t h i s time, 
the representatives were tr a i n e d on a routine schedule by an 
e n t h u s i a s t i c t r a i n e r (member of QA Team) on how to adhere to and 
understand the p r i n c i p l e s presented i n the Bureau QA Plan. When 
Section Plans were completed, representatives shared knowledge 
with t h e i r i n d i v i d u a l lab sections through organized QA meetings. 
These t r a i n i n g meetings i n i t i a t e d the process of f a m i l i a r i z i n g 
everyone on t h e i r QA g u i d e l i n e s and addressed each element of the 
program i n d e t a i l . This i n t e r n a l t r a i n i n g again involved a l l 
l e v e l s of personnel, and focused on such topics as: development of 
a QA program, s t a t i s t i c s and c o n t r o l - c h a r t i n g , sampling pro
cedures, conducting a u d i t s , e t c . S l i d e programs and video cas
settes were also u t i l i z e d f o r the in-house t r a i n i n g . The U. S. 
Department of Health and Human Services of the Food and Drug 
Administration publishes a Catalog of Courses and T r a i n i n g 
M a t e r i a l s which can be a valuable resource f o r such t r a i n i n g . 
B e n e f i t s of QA education were noticed q u i c k l y , because the program 
did not seem as overwhelming when taken a step-at-a-time. 

DCLS has also taken advantage of external t r a i n i n g i n QA. Man
agement has been supportive i n sending supervisors and chemists to 
courses provided by the A s s o c i a t i o n of O f f i c i a l A n a l y t i c a l 
Chemists (AOAC). A f t e r attending such courses, some i n i t i a l l y 
" l e s s than e n t h u s i a s t i c " personnel a c t u a l l y returned with innova
t i v e ideas and c o n t r i b u t i o n s . The AOAC, other organizations, and 
of course ACS present e x c e l l e n t opportunities for QA short courses 
and seminars. Since education leads to understanding and accep
tance, i t can be the best p u b l i c r e l a t i o n s campaign for a QA 
program. 

With the completion of the QA Manuals and t r a i n i n g of person
nel i n QA p r a c t i c e s , the laboratory proceeded i n t o the implementa
t i o n phase of the program. At DCLS, audits are conducted i n t e r 
n a l l y at the Section and Bureau l e v e l s , and e x t e r n a l l y by 
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regulatory agencies such as the Environmental P r o t e c t i o n Agency 
(EPA), the National I n s t i t u t e for Occupational Safety and Health 
(NIOSH), the United States Department of A g r i c u l t u r e (USDA), and 
the Nuclear Regulatory Commission (NRC) where appropriate. The 
BOC QA Plan s p e c i f i e s that each s e c t i o n be audited at l e a s t an
n u a l l y by a BOC QA Audit Team. In a d d i t i o n more frequent audits 
are conducted i n t e r n a l l y by the i n d i v i d u a l s e c t i o n s . I n i t i a l au
d i t s were conducted i n each s e c t i o n of the BOC to assess the s t a 
tus of compliance with the program. Audits were approached as a 
means f o r a i d i n g the growth and development of a s e c t i o n , and as a 
p o s i t i v e l e a r n i n g experience, rather than r e f l e c t i n g negatively on 
a s e c t i o n . The BOC Audit Team i s composed of a member of the QA 
Section, who serves as the Audit Team Leader, and a BOC QA Team 
member from a laboratory other than the one being audited. The 
appropriate Section Representative als o serves on the Audit Team 
i n an advisory capacity to provide information on the section's QA 
program. When lab personne
are u s u a l l y more w i l l i n
f i n d i n g s . In a d d i t i o n , the e f f e c t i v e n e s s of the Audit Team i s 
enhanced by the combined e f f o r t s of someone knowledgeable and 
s k i l l e d i n QA p r a c t i c e s , as w e l l as someone with t e c h n i c a l exper
t i s e . P a r t i c i p a t i o n of bench s c i e n t i s t s i n the audit process 
a f f o r d s them the opportunity to review laboratory operations and 
techniques from a QA perspective, and to understand the importance 
of these a c t i v i t i e s . An added be n e f i t of the involvement of 
analysts on the Audit Team has been an increased understanding of 
and respect f o r the work performed i n other s e c t i o n s . 

Members of the Audit Team attempt to f i n d a way to accomplish 
t h e i r goals with as l i t t l e d i s r u p t i o n and as much accord as pos
s i b l e . During a u d i t s , the Audit Team t r i e s to focus not only on 
weak areas, but looks f o r accomplishments and b e n e f i c i a l s i t u a 
t i o n s . Audit f i n d i n g s are summarized i n a formal w r i t t e n report. 
Before t h i s report i s submitted to management, however, i t i s 
presented to the bench s c i e n t i s t s i n the form of an o r a l 
d e b r i e f i n g . Personnel are encouraged to respond to the audit 
r e s u l t s i n w r i t i n g . Feedback from the bench s c i e n t i s t s i s 
considered a valuable aspect of the audit proceedings. When d i s 
agreements over audit r e s u l t s occur, management a c t i v e l y f u l f i l l s 
i t s r e s p o n s i b i l i t y by r e s o l v i n g these c o n f l i c t s . The importance 
of the i n t e r a c t i o n of a l l l e v e l s of personnel i s therefore demon
st r a t e d i n the audit process, as i t i s i n a l l phases of the QA 
program at DCLS. 

The a c t i v e p a r t i c i p a t i o n of the e n t i r e s t a f f i n a QA program 
i s e s s e n t i a l . R e s p o n s i b i l i t y f o r QA i s therefore included i n 
every employee's p o s i t i o n d e s c r i p t i o n i n the BOC. This emphasizes 
the importance of QA i n the laboratory, and demonstrates an expec
t a t i o n of p a r t i c i p a t i o n i n the program. I n d i v i d u a l performance 
standards addressing QA provide a mechanism f o r evaluating an 
employee's p a r t i c i p a t i o n i n the program, and rewards those demon
s t r a t i n g a p o s i t i v e a t t i t u d e towards QA. This also helps 
e s t a b l i s h p o s i t i v e r o l e models f o r p a r t i c i p a t i o n i n the program. 

Currently the DCLS-BOC QA Program i s entering i n t o i t s second 
audit c y c l e . The Bureau and Section QA Plans are undergoing an 
annual review and update, with input from the e n t i r e s t a f f . 
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New Section Representatives have been appointed to serve on the 
Bureau QA Team. In t h i s way bench s c i e n t i s t s w i l l have an oppor
t u n i t y to rotate into a more a c t i v e r o l e i n the QA program. I t i s 
hoped that eventually most analysts w i l l have served i n t h i s 
capacity. The DCLS QA Program i s considered to be an a c t i v e , 
dynamic process, undergoing review and change as needed, based on 
the support and.input of a l l laboratory personnel. 

I n d u s t r i a l A p p l i c a t i o n s 

One of the managers at DCLS was involved with f e d e r a l m i l i t a r y 
contracts f o r major development programs i n a previous p o s i t i o n 
with Hercules, Inc. S i m i l a r broad based p a r t i c i p a t i o n was used to 
develop s p e c i f i c a t i o n s , a n a l y t i c a l procedures, and q u a l i t y con
t r o l . Resolution of concerns over d i f f e r e n c e s between the company 
and the responsible f e d e r a l  accomplished through 
negotiations on a l e v e
cases, the r e s u l t was improve
ness and economy. 

Implementation of the GLPs at the A n a l y t i c a l Laboratories of 
the DOW Chemical Co. also followed a somewhat s i m i l a r approach as 
that taken at DCLS. Through meetings and the p u b l i c a t i o n of the 
DOW A n a l y t i c a l Laboratory P r a c t i c e s , laboratory personnel were 
f a m i l i a r i z e d with the r e g u l a t i o n s . The i n i t i a t i o n of an audit 
system i n v o l v i n g a l l groups of laboratory personnel assessed the 
degree of compliance with the GLPs, and i d e n t i f i e d areas needing 
a d d i t i o n a l c l a r i f i c a t i o n or a t t e n t i o n . This approach r e s u l t e d i n 
a growing awareness, acceptance, and compliance with the GLPs, and 
i s another example of the s u c c e s s f u l involvement of lab personnel 
i n a QA program (5)• 

The experiences at Hercules and DOW demonstrate that a team 
work approach to QA can be s u c c e s s f u l i n an i n d u s t r i a l as w e l l as 
a government laboratory s e t t i n g . 

The Importance of Communication 

The importance of communication was evident throughout the 
development and implementation of the QA program at DCLS. A com
munication network between the QA unit and a l l l e v e l s of manage
ment and laboratory personnel i s e s s e n t i a l to the success of such 
a program. At DCLS, t h i s communication network co n s i s t s of regu
l a r Section, Bureau, and D i v i s i o n QA Team meetings, and q u a r t e r l y 
reports from the i n d i v i d u a l Sections and the Bureaus to the QA 
Section and management, i n a d d i t i o n to audit reports. 

Employee i n t e r a c t i o n s on QA matters at DCLS were enhanced by 
u t i l i z a t i o n of such communication s k i l l s as l i s t e n i n g a t t e n t i v e l y , 
d i s c u s s i n g rather than arguing, showing empathy and s e n s i t i v i t y , 
and encouraging p a r t i c i p a t i o n . Persuasiveness and i n f l u e n c i n g 
s k i l l s were important to the QA s e c t i o n i n convincing management 
and laboratory personnel of the need f o r QA p o l i c i e s and changes. 
These same s k i l l s aided management and bench analysts i n i n t e r a c t 
ing with the QA Section i n presenting t h e i r needs and c a p a b i l i 
t i e s . Knowledge r e f l e c t i n g r e a l understanding, s i n c e r i t y showing 
f u l l support and b e l i e f , empathy demonstrating respect for other 
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a t t i t u d e s and b e l i e f s , and enthusiasm generating p a r t i c i p a t i o n are 
persuasive q u a l i t i e s that were e f f e c t i v e l y employed to achieve a 
desired outcome. 

Semantics was found to be another important cons i d e r a t i o n i n 
QA communications, because the language used helps to achieve the 
desired e f f e c t on p a r t i c i p a n t s . Using p o s i t i v e sounding words 
rather than negative comments to describe QA operations e l i c i t s 
good f e e l i n g s and stimulates p a r t i c i p a t i o n i n the QA program. In 
the A i r Force, f o r example, QA audits or inspections are r e f e r r e d 
to as " s t a f f assistance v i s i t s " . In t h i s case, use of the term 
"assistance" r e f l e c t s an i n t e n t i o n of helping and working together 
on problem areas, whereas the words " i n s p e c t i o n " or "audit" have a 
more negative connotation. S i m i l a r l y , the t i t l e QA " O f f i c e r " 
places emphasis on the p o l i c i n g function of t h i s p o s i t i o n , while 
QA "Supervisor", " D i r e c t o r " , "Coordinator", or " S p e c i a l i s t " 
describe a more p o s i t i v e image  Audit and QA reports should also 
be c a r e f u l l y worded, c l e a r l
while emphasizing p o s i t i v

At DCLS, QA personnel, management, and lab personnel work 
together to solve QA problems and to take c o r r e c t i v e a c t i o n s . 
E f f e c t i v e communication throughout the problem s o l v i n g process i s 
e s s e n t i a l . Resolution of a QA problem follows these basic i n t e r 
a c t i v e steps: d e f i n i n g the problem accurately, generating p o s s i b l e 
s o l u t i o n s , evaluating s o l u t i o n s , deciding on a mutually acceptable 
s o l u t i o n , implementing the s o l u t i o n , and evaluating the s o l u t i o n . 
This problem s o l v i n g approach again recognizes the importance of 
the i n t e r a c t i o n of a l l members of the organization. 

Summary 

The human element i s the s i n g l e most valuable resource i n a QA 
program. The DCLS QA Program i s designed to optimize the i n t e r a c 
t i o n and involvement of a l l l e v e l s of personnel. In r e c o g n i t i o n of 
t h i s f a c t , management sets the p o l i c y and provides support and 
resources f o r the program; the Qual i t y Assurance Section monitors 
the program, conducts a u d i t s , and provides guidance and support to 
the Bureau QA Teams; the Bureau QA Team acts as a l i a i s o n between 
the bench s c i e n t i s t s , and the QA Section and management, oversees 
the o v e r a l l QA program for the Bureau, p a r t i c i p a t e s i n the audit 
process, and provides guidance to the sections and i n d i v i d u a l 
analysts; and bench s c i e n t i s t s provide input into the QA program, 
conduct t h e i r work i n accordance with the QA program, serve on 
the Bureau QA Team, and p a r t i c i p a t e i n QA au d i t s . Although the 
s p e c i f i c elements of a QA program may be d i f f e r e n t f o r each 
organ i z a t i o n , the involvement of personnel i n the c r e a t i v e 
development of such a program can be e f f e c t i v e i n any laboratory 
s e t t i n g . The r e c o g n i t i o n that bench s c i e n t i s t s are the mainstream 
of the QA program contributed to a growing awareness and accep
tance of the mandated p o l i c y at DCLS. The outcome of t h i s e f f o r t 
has been the demonstration of laboratory c r e d i b i l i t y and a high 
degree of p r o f e s s i o n a l i n t e g r i t y . 
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Chapter 6 

Integration of Quality Assurance 
into Analytical Laboratories 

Joseph B. Townsend 

Bio/dynamics, Mettlers Road, East Millstone, NJ 08875 

Integration of Qualit
laboratory is the key to GLP compliance and is usually 
accomplished in three phrases under the guidance of the 
QAU. In the Management Phase the basic plan is formula
ted based on policies decided upon by management. In 
the second phase the QAU prepares the laboratory for the 
final implementation phase. General rules for integra
tion are given as are levels of acceptance that may be 
expected from laboratory personnel. 

Experience has shown that the proper integration of Quality 
Assurance concepts into the laboratory is the key to compliance. 

This presentation includes some suggestions for proper 
integration and for easing the analytical chemistry laboratory and 
more appropriately the analytical chemist into the new world of the 
Good Laboratory Practice Regulations (GLPs). It would not be 
appropriate to tell you that all suggestions included herein are 
tried and true and that by following them, the course you take to 
compliance will be smooth and uneventful. Let it simply be said 
that the purpose of this paper is to relay to you some of the things 
that the author did right and some of the things that in hindsiqht 
should have been done. Although the remarks that follow may often 
appear to be directed to persons who are facing integration for the 
first time, they are intended also for those persons who have passed, 
or who are passing through the experience now. These remarks should 
be pertinent to the bench chemist who after all is the key to 
compliance, as well as to the extraordinary man or women who is given 
the responsibility for integration. 

Although compliance is largely a human problem with all of the 
vagaries attendant thereto, it is a matter of common sense and can 
be addressed in a coherent logical manner. To simplify the 
description of the process, it has presumptuously been broken into 
three phases. These phases obviously are not discrete and do 
overlap, but they should help illustrate the several points that are 
to be made. 

0097-6156/88/0369-0035$06.00/0 
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Management Phase 

Management must take an a c t i v e r o l e e a r l y i n the i n t e g r a t i o n p r o c e s s , 
because t h e r e are important high l e v e l d e c i s i o n s t h a t must be made 
b e f o r e implementat ion can proceed f u r t h e r . I f t h e r e i s p r e s e n t l y no 
Q u a l i t y Assurance U n i t (QAU), the f i r s t d e c i s i o n should be t o a s s i g n 
o v e r a l l r e s p o n s i b i l i t y f o r e s t a b l i s h m e n t of the QAU, and t h e r e f o r e 
f o r GLP i n t e g r a t i o n , to a person competent to c a r r y the task t o 
c o m p l e t i o n . I t i s important t h a t i n a d d i t i o n t o being i n n a t e l y 
c a p a b l e , t h i s person must be g iven f u l l a u t h o r i t y by Management. He 
or she must be g iven the t i m e , have some knowledge of a n a l y t i c a l 
c h e m i s t r y p r o c e d u r e s , have a d e s i r e t o l e a r n the GLPs, be of u n l i m i t 
ed p a t i e n c e , be a r t i c u l a t e , be p e r s u a s i v e and have the f o r t i t u d e t o 
pursue the j o b to i t s c o n c l u s i o n . The s e l e c t i o n of the proper person 
t o o r c h e s t r a t e t h i s p r o j e c t c o u l d be the s i n g l e most important step 
t o c o m p l i a n c e . The person d e s i g n a t e d as r e s p o n s i b l e f o r i n t e g r a t i o n 
s h o u l d begin by m e n t a l l y
i n t e g r a t i o n p l a n - at t h i
f l e x i b l e , t o be m o d i f i e d as the process c o n t i n u e s . 

Very e a r l y , the P l a n w i l l i n d i c a t e t h a t he or she must r e t u r n t o 
Management f o r a number of obvious p o l i c y d e c i s i o n s . Depending on 
the persons who must be i n v o l v e d , s e c u r i n g approval c o u l d be t e d i o u s , 
so i t may be expedient to present p r o p o s a l s f o r management a p p r o v a l , 
r a t h e r than t o ask f o r complex p o l i c y d e c i s i o n s d i r e c t l y . I t should 
a l s o be suggested t h a t q u e s t i o n s from people i n management about the 
p r o c e s s , be r e s o l v e d e a r l y and as i n t e g r a t i o n p r o g r e s s e s , t h a t they 
be kept i n f o r m e d . 

Some q u e s t i o n s t h a t may have t o be answered by management a r e ; 

- I f a Q u a l i t y Assurance U n i t i s not now i n p l a c e , how w i l l i t be 
o r g a n i z e d , and t o whom should i t r e p o r t ? 

- Should the e n t i r e a n a l y t i c a l l a b o r a t o r y be made t o f o l l o w the GLPs 
when o n l y j u s t a f r a c t i o n of the work w i l l r e q u i r e i t ? 

- Should l a b o r a t o r y modus operandi be changed, such as abandoning the 
use of notebooks and going t o d i s c r e t e data sheets? 

- Are t h e r e f a c i l i t i e s f o r s t o r a g e and s e p a r a t i o n as r e q u i r e d by the 
GLPs, or w i l l they have to be c o n s t r u c t e d ? 

- Who should handle i n s p e c t i o n s by the agencies and what i s the 
company i n s p e c t i o n p o l i c y ? 

- Who w i l l be r e s p o n s i b l e f o r t r a i n i n g , and what w i l l be the t r a i n i n g 
p o l i c y ? 

- Who, f o r GLP p u r p o s e s , c o n s t i t u t e s management? Who can be a Study 
D i r e c t o r ? 

- Who i s to prepare SOPs ?nd how should they be organized? By 
o p e r a t i n g group or f u n c t i o n a l l y ? What should be the mechanism f o r 
change, d i s t r i b u t i o n and a u t h o r i z a t i o n of SOPs? Should equipment 
SOPs be l i m i t e d or should they i n c l u d e items such as s t i r r e r s , hand 
c a l c u l a t o r s , e t c . ? How should the h i s t o r i c a l SOP f i l e be h a n d l e d , 
and by whom? 

P r e p a r a t i o n Phase 

The second Phase, the P r e p a r a t i o n Phase, i s the phase i n which the 
members of the Q u a l i t y Assurance U n i t and the l a b o r a t o r y personnel 
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must c o l l a b o r a t e f u l l y . I t w i l l r e q u i r e the most e f f o r t and w i l l 
f o r the f i r s t time b r i n g many employees t o the r e a l i z a t i o n of what 
compliance w i t h the GLPs w i l l r e q u i r e of them p e r s o n a l l y . T h i s step 
s h o u l d be c h a r a c t e r i z e d as one of t r a i n i n g as w e l l as one of 
p r e p a r a t i o n . T r a i n i n g s e s s i o n s , seminars and i n f o r m a t i v e d i s c u s s i o n s 
w i t h p r o f e s s i o n a l s and n o n - p r o f e s s i o n a l s , conducted w i t h the i n t e n 
t i o n of d i s p e l l i n g "GLP antagonism" and m i s i n f o r m a t i o n (and t h e r e 
w i l l be p l e n t y of t h a t ) are i m p e r a t i v e . "GLP shock" w i l l be 
a m e l i o r a t e d i f through attendance at meetings o u t s i d e of t h e i r 
company or i n s t i t u t i o n , employees have an o p p o r t u n i t y t o d i s c o v e r 
t h a t o t h e r people i n o t h e r l a b o r a t o r i e s are e x p e r i e n c i n g the same 
problems they are e x p e r i e n c i n g . As i n t e g r a t i o n p r o g r e s s e s , i t i s 
very important t h a t employees be kept informed about what i s 
happening. 

Meetings w i t h employees have the added advantage of i d e n t i f y i n g 
persons i n the l a b o r a t o r y who can be counted on t o support and lead 
the way and those who c a n n o t
f e e l i n g s about the GLPs
and can be given s p e c i a l s u p p o r t . 

In a d d i t i o n t o keeping people i n f o r m e d , an e q u a l l y important 
r u l e to be e x e r c i s e d i n t h i s phase i s t o i n v o l v e them i n the 
i n t e g r a t i o n p r o c e s s . For example, a l l o w the o p e r a t i n g groups t o 
w r i t e t h e i r own SOPs, or i n v o l v e them i n p r e p a r i n g l e s s o n p l a n s . 
I m p o s i t i o n of r u l e s wi thout at l e a s t review and comment by the people 
who w i l l be r e q u i r e d t o f o l l o w them, c o u l d present problems. By 
i n v o l v i n g l a b o r a t o r y p e o p l e , both t e c h n i c i a n s and p r o f e s s i o n a l s , the 
g r e a t e s t o p p o r t u n i t y t o encourage compliance i s p r e s e n t e d . Some of 
the t a s k s t h a t must be attended t o i n t h i s phase a r e : 

- W r i t i n g and review of SOPs i n c l u d i n g , maintenance of equipment, 
q u a l i t y a s s u r a n c e , report p r e p a r a t i o n , and proper p r e p a r a t i o n 
and h a n d l i n g of p r o t o c o l s . 

- Implementation of formal t r a i n i n g p r o c e d u r e s , i n c l u d i n g l e s s o n 
p l a n s , e d u c a t i o n a l a i d s and documentation of course work f o r each 
employee. 

- P r e p a r a t i o n and update of j o b d e s c r i p t i o n s and c u r r i c u l a v i t a e . 
- E s t a b l i s h m e n t of proper a r c h i v e s . 
- E s t a b l i s h m e n t of a program f o r proper l a b e l i n g of r e a g e n t s . 
- E s t a b l i s h m e n t of r e g u l a t o r y i n s p e c t i o n p r o c e d u r e s . 
- V a l i d a t i o n of computer systems. 

In t h i s phase, the person i n charge of Q u a l i t y Assurance who i s 
r e s p o n s i b l e f o r i n t e g r a t i o n should be prepared to encounter 
p r o c e d u r a l q u e s t i o n s from l a b o r a t o r y p e r s o n n e l . The answers t o t h e s e 
q u e s t i o n s are i n many cases judgement c a l l s and may, when taken 
t o g e t h e r , set p o l i c y , p o l i c y t h a t may i n the f u t u r e take p r o d i g i o u s 
amounts of e f f o r t t o change once the l a b o r a t o r y has gotten c o m f o r t 
a b l e w i t h them. When answering procedural q u e s t i o n s , the Q u a l i t y 
Assurance Manager must t h e r e f o r e be c a r e f u l w i t h h i s / h e r answers and 
o f t e n c o n s u l t w i t h others i n s i d e and o u t s i d e of the company before 
being d e f i n i t i v e . They should document t h e i r answers and be 
c o n s i s t e n t , make a p o l i c y f i l e or book f o r r e f e r e n c e , and make i t 
a v a i l a b l e t o a l l . F o r t u n a t e l y or u n f o r t u n a t e l y t h i s process draws 
the QAU Manager i n t o the p o s i t i o n of being the GLP i n t e r p r e t e r , the 
company "Expert" on Good Laboratory P r a c t i c e m a t t e r s . T h i s p o s i t i o n 
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i s not t o be c o n s i d e r e d l i g h t l y s i n c e he or she may be c a l l e d upon 
l a t e r t o defend d e c i s i o n s t h a t are quest ioned by a r e g u l a t o r y 
i n s p e c t o r . 

Implementation Phase 

F i n a l l y , i n phase t h r e e , one f i n d s t h a t the l a b o r a t o r y has passed 
out of the P r e p a r a t i o n Phase and i s now i n the Implementation Phase, 
which i s the l o n g e s t and i n some ways the most d i f f i c u l t . I t i s 
d u r i n g t h i s p e r i o d t h a t the l a b o r a t o r y begins t o operate under the 
new r u l e s and i t i s when a l l members of the a n a l y t i c a l team, 
r e g a r d l e s s of t h e i r o p i n i o n of the GLPs, must come i n t o conformance. 
I t i s the p e r i o d of t e s t i n g and m o d i f y i n g the processes everyone 
worked so hard t o p r e p a r e . 

I n i t i a l l y t h e r e i s some c o n f u s i o n as some people suddenly 
r e a l i z e t h a t GLP implementat ion i s about t o become a r e a l i t y and t h a t 
they must l e a r n "what t h i
t h a t one person ( h o p e f u l l
r e s i s t . The p o l i c y r e g a r d i n g t h e s e persons should be t o be 
c o n s i s t e n t l y f i r m but not c o n f r o n t a t i o n a l . You should be w i l l i n g t o 
l o s e many b a t t l e s as long as you win the war. I t should be s t r e s s e d 
t h a t i f people have been kept informed and i f the P r e p a r a t i o n Phase 
was adequate, most people w i l l cooperate and a s s i s t i n b r i n g i n g the 
l a b o r a t o r y i n t o c o m p l i a n c e . The " r e s i s t o r s " are a smal l m i n o r i t y 
whose i n f l u e n c e wanes and who e v e n t u a l l y w i l l become c o o p e r a t i v e . 
" R e s i s t o r s " e v e n t u a l l y become c l e a r and s u r p r i s i n g l y , v o c a l , 
s u p p o r t e r s of the GLPs. 

People appear t o progress through s e v e r a l stages before they 
f i n a l l y reach complete a c c e p t a n c e . Whi le some people progress f a s t e r 
than o t h e r s , they d i d not i n our sample appear to s o r t themselves out 
by age, or s e x , or i n "KTndsight by any other c h a r a c t e r i s t i c . T h i s 
phase, however, w i l l t r y the p a t i e n c e and perseverence of a l l members 
of the Q u a l i t y Assurance U n i t . 

L i s t e d below are phrases To d e s c r i b e each l e v e l of a c c e p t a n c e . 
They show c h a r a c t e r i s t i c s t h a t may be t y p i c a l , as acceptance advances 
from a p e r i o d of r e s i s t a n c e and q u e s t i o n i n g to an a t t i t u d e of a c t i v e 
support and c o m p l i a n c e . 

A) R e s i s t a n c e : 
E x h i b i t e d i n some persons by m i l d to severe antagonism, 
d e f e n s i v e n e s s , sometimes anger. Because of the v i s i b i l i t y and the 
r o l e of Q u a l i t y Assurance, focus of r e s i s t a n c e i s o f t e n p laced 
upon Q u a l i t y Assurance. E x t e n s i v e q u e s t i o n i n g of i n s p e c t i o n 
f i n d i n g s by some, who take i n s p e c t i o n f i n d i n g s p e r s o n a l l y . Some 
c o m p l a i n t s t o QA monitors about u n f a i r n e s s . E x t e n s i v e e x p l a n a t o r y 
responses t o QA f i n d i n g s . A f e e l i n g by some t h a t GLPs r e s t r i c t 
s c i e n c e . Comments are heard l i k e "These r u l e s s h o u l d n ' t apply to 
us" or "I spend a l l my t ime on paperwork - the GLPs w i l l k i l l 
s c i e n c e . " 

B) R e s i g n a t i o n : 
W h i l e some persons may respond t o the new r u l e s by t r y i n g to 
i g n o r e them, c o m p l a i n t s to management begin t o appear i n d i c a t i n g 
t h a t the GLPs are r e s t r i c t i v e and are a r b i t r a r y and c a p r i c i o u s . 
The s p e c i f i c s of i n s p e c t i o n f i n d i n g s are p r o p e r l y addressed but 
not the p r i n c i p l e s they i l l u s t r a t e . Sometimes c r y p t i c responses 
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to i n s p e c t i o n f i n d i n g s are n o t e d , and some suggest t h a t the 
company, or they i n d i v i d u a l l y , f i g h t back by showing the FDA o r 
the EPA the l u d i c r o u s nature of the GLPs. 

C) A c c e p t a n c e : 
Requests are made f o r c o p i e s of GLPs. QA monitors begin t o be 
asked q u e s t i o n s and i t i s requested t h a t meetings be h e l d t o 
e x p l a i n the GLPs. Responses to i n s p e c t i o n f i n d i n g s show more 
acceptance w i t h l e s s antagonism, and t h e r e i s l e s s p e r s o n a l i z a t i o n 
of QA f i n d i n g s . 

D) Support : 
QA f i n d i n g s begin to d i m i n i s h i n number, and fewer " s i g n i f i c a n t " 
i n s p e c t i o n f i n d i n g s are n o t e d . D i s c u s s i o n s of GLP i n t e r p r e t a t i o n s 
and f i n e p o i n t s are e l i c i t e d , and p r o f e s s i o n a l s and t e c h n i c i a n s 
begin to take p r i d e i n t h e i r l e v e l of c o m p l i a n c e . Employees begin 
t o show understanding of GLP concepts i n t h e i r responses t o QA 
a u d i t r e p o r t s , and suggest ions are made spontaneously f o r 
procedural m o d i f i c a t i o n
n o n - p r o f e s s i o n a l s begin t o knowledgeably and r a t i o n a l l y c h a l l e n g e 
i n s p e c t i o n f i n d i n g s of QA and r e g u l a t o r y I n s p e c t o r s . 

To achieve the p o i n t where people begin to support GLP concepts 
should be a source of great p r i d e to the people i n the l a b o r a t o r y as 
w e l l as t o the persons i n Q u a l i t y Assurance r e s p o n s i b l e f o r 
i n t e g r a t i o n , and i t should be a source of comfort to management. But 
i n t e g r a t i o n e f f o r t s c a n ' t stop t h e r e . Compliance i s r e l a t i v e and i t 
i s c o n t i n o u s . As new people are employed, as the r e g u l a t i o n s change 
and as i n t e r n a l b u s i n e s s and o r g a n i z a t i o n a l changes take p l a c e , 
changes must take p l a c e a l s o i n the way your company addresses the 
GLPs. 

Regulatory I n s p e c t i o n s 

At t h i s p o i n t , a comment should be made about p r e p a r i n g f o r r e g u l a 
t o r y i n s p e c t i o n s which should be a major c o n s i d e r a t i o n when 
i n t e g r a t i n g GLP r e g u l a t i o n s i n t o the l a b o r a t o r y . Regulatory i n t e r 
f a c e i s a c o n s i d e r a t i o n t h a t i s o f t e n f o r g o t t e n . Although the 
Q u a l i t y Assurance U n i t Manager does not have to have the task of 
h o s t i n g r e g u l a t o r y i n s p e c t i o n teams i n the l a b o r a t o r y , a good QAU 
Manager i s , because of h i s / h e r i n t i m a t e knowledge of the GLPs, 
company p o l i c y and r e g u l a t o r y i n t e r p r e t a t i o n s , an i d e a l c a n d i d a t e . 
The person g iven t h i s charge by management who ever they might be, 
should set t o the task of p r e p a r i n g standard o p e r a t i n g procedures 
and c o n d u c t i n g t r a i n i n g s e s s i o n s i n a n t i c i p a t i o n of an i n s p e c t i o n . 

Because some r e g u l a t o r y i n s p e c t o r s l a c k t r a i n i n g and e x p e r i e n c e 
i n the l a b o r a t o r y and because some u n f o r t u n a t e l y do not have a c l e a r 
understanding of t h e i r charge, i t i s i m p e r a t i v e t h a t the person from 
your l a b o r a t o r y t h a t i s d e s i g n a t e d as t h e i r h o s t , be knowledgeable 
and have a c l e a r understanding of r e g u l a t o r y c o n s t r a i n t s as w e l l as 
the GLPs. 

I t should be noted t h a t t h i s paper has focused on GLP 
m o d i f i c a t i o n s proposed by the EPA f o r the a n a l y t i c a l l a b o r a t o r y , i t 
a l s o s h o u l d be noted t h a t s i m i l a r GLP r e g u l a t i o n s may soon f o l l o w 
from o t h e r agencies such as from agencies o u t s i d e the c o u n t r y . 
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P r i n c i p l e s of Compliance 

There are s e v e r a l p r i n c i p l e s t h a t are key to compliance wi th the 
GLPs. These p r i n c i p l e s may appear s e l f - e v i d e n t but they need 
f r e q u e n t r e i t e r a t i o n . In a busy l a b o r a t o r y i t i s o f t e n d i f f i c u l t 
t o remember an apparent a b s t r a c t i o n when i t may not d i r e c t l y apply 
t o the task of the moment. These p o i n t s should be r e i n f o r c e d d u r i n g 
t r a i n i n g s e s s i o n s . 
- Proper documentation i s not d i s c u s s e d s p e c i f i c a l l y i n the 

r e g u l a t i o n s , but i s one of the most important precepts of the GLPs 
and i s one of the hardest f o r people t o p r a c t i c e . 

- The c r e a t i o n of s t rong a u d i t t r a i l s i s a l s o not mentioned i n the 
R e g u l a t i o n s and i s a precept o f t e n not p r o p e r l y adhered t o . 

- SOPs should be w r i t t e n to r e f l e c t what i s now being done, not what 
w i l l be done someday. 

- The d e f i n i t i o n of "raw data" should be c l e a r l y u n d e r s t o o d . I t may 
i n c l u d e items t h a t on
d a t a are the product o
conformance w i t h the GLPs. 

- The r o l e of the QAU should be c l e a r l y u n d e r s t o o d . The QAU i s an 
observer and r e p o r t e r . I t i s not a judge or a policeman and i t 
s h o u l d not pass judgement on the s c i e n t i f i c aspects of s t u d i e s . 

- Do not mistake Q u a l i t y Assurance f o r Q u a l i t y C o n t r o l . 
- GLP compl iance i s the r e s p o n s i b i l i t y of the Study D i r e c t o r and not 

Q u a l i t y A s s u r a n c e . 
- Q u a l i t y Assurance i s not a s a f e t y net and i t does not p u r i f y or 

s a n c t i f y . Don't assume QA w i l l p i c k up a l l e r r o r s . 
- Because of the nature of the r e g u l a t i o n s , i n t e r p r e t a t i o n s are 

r e q u i r e d . Be r e a s o n a b l e , but i n l i e u of i n t e r p r e t a t i o n s from the 
Agency, i n t e r p r e t i n f a v o r of the l a b o r a t o r y and be prepared t o 
d e f e n d . 

- Do not s o l i c i t i n t e r p r e t a t i o n s from a r e g u l a t o r y agency u n l e s s 
you are prepared t o l i v e w i t h the answer. 

- B l i n d , unreasoned compliance w i t h the GLPs i s sure t r o u b l e . 
Those who have had exper ience i n the l a b o r a t o r y of a d j u s t i n g t o 

the GLPs have r e c o g n i z e d at l e a s t some of these comments as being 
f a m i l i a r . 

Summary 

For those who w i l l be r e q u i r e d to f a c e the e x p e r i e n c e of i n t e g r a t i n g 
the GLPs i n t o the l a b o r a t o r y f o r the f i r s t t i m e , s e v e r a l p o i n t s 
c r i t i c a l t o the process should be mentioned i n summary. 
- A s s i g n one c a r e f u l l y chosen person t o guide the t r a n s i t i o n . The 

best c h o i c e i s the Head of the Q u a l i t y Assurance U n i t . 
- Prepare a p l a n and o b t a i n management commitment f o r p o l i c y . 
- Conduct GLP t r a i n i n g f o r a l l l a b o r a t o r y employees, p r o f e s s i o n a l and 

n o n - p r o f e s s i o n a l , and keep them informed about i n t e g r a t i o n 
p r o g r e s s . 

- With d i r e c t i o n from the Q u a l i t y Assurance U n i t , have l a b o r a t o r y 
personnel themselves prepare f o r i m p l e m e n t a t i o n . Do not impose 
changes from the top down. 

- Someone w i l l be r e q u i r e d t o i n t e r p r e t the r e g u l a t i o n s - c a r e f u l l y 
c o n s i d e r and r e c o r d i n t e r p r e t a t i o n s f o r t h e i r f u t u r e impact on the 
l a b o r a t o r y and t h e i r acceptance by the r e g u l a t o r y a u t h o r i t i e s . 

R E C E I V E D January 29, 1988 
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Chapter 7 

Good Laboratory Practices and the Myth 
of Quality 

Maureen S. Barge 

FMC Corporation, Princeton, NJ 08543 

Good Laborator
intended to assure the quali ty and 
integrity of data submitted in support of 
pesticide registration. Recently a debate 
has arisen around how quality is defined in 
this context. GLPS provide a system for 
the reconstruction of a study through a 
paper tra i l . While GLPS are designed to be 
sufficiently flexible so they can be 
adapted to a variety of studies, they do 
not define specif ic measurements of 
qual i ty . Although many people can 
recognize quality work, few can readily 
define the parameters used to measure 
quality. Therefore, by whose definition 
can/should quality be defined? 

Q u a l i t y can be de f i n e d as the c h a r a c t e r i s t i c s or 
attitudes associated with excellance or s u p e r i o r i t y . 
Therefore to develop a good laboratory practices program 
which supports quality, one merely needs to develop or 
write down those c h a r a c t e r i s t i c s or a t t i t u d e s that 
r e f l e c t a superior operation. Start by asking someone 
who manages a quality operation to put some concepts 
down on paper. This has to be easy, doesn't i t , because 
everyone knows what quality i s . Easy that i s u n t i l one 
begins to implement a good laboratory practices program 
i n a chemistry laboratory. Here the enigma begins, 
because quality i s a highly subjective personal value 
and because of t h i s , the existence of good laboratory 
practice standards (GLPS) alone can not quarantee that 
the reported work i s s c i e n t i f i c a l l y sound. Unless the 
program addresses science and good record keeping 
c o l l e c t i v e l y a l l GLPs w i l l do i s ensure that the 
documentation was done i n the lab, not the quality of 
the work. 
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Good Laboratory Practice Standards, as prescribed by 
4 0CFR160, are "intended to assure the q u a l i t y and 
i n t e g r i t y " of studies submitted i n support of pesticide 
r e g i s t r a t i o n . But, what i s meant by quality i n t h i s 
c o n t e x t ? The GLPS p r o v i d e a system f o r the 
r e c o n s t r u c t i o n of a study through a paper t r a i l 
documenting everything from the q u a l i f i c a t i o n s of the 
personnel conducting the study to what raw data and 
records are to be r e t a i n e d and how they should be 
archived. What the GLPS do not do, i n point of fact, i s 
define the parameters used to measure quality. GLPS, 
however, do allow a reviewer to recontruct the study 
through the paper t r a i l which w i l l make the quality or 
lack of quality quite obvious. 

Q u a l i t y i s a very r e l a t i v e concept i n that the 
control measurements i n the form of checks and balances 
d i f f e r from lab t
chemist through education
a preconceived idea of what controls are necessary to 
produce good s c i e n c e . The i n h e r e n t v a r i e t y of 
backgrounds and personalities which come together i n the 
work place produces the same variety i n the concept of 
quality. There are many resources available providing 
guidance on how to conduct and document a study. The 
EPA has p u b l i s h e d Standard E v a l u a t i n g Procedures, 
Pesticide Assessment Guidelines, and the Data Reporting 
G u i d e l i n e s . In a d d i t i o n , s c i e n t i f i c j o u r n a l s and 
proceedings from symposia, such as t h i s one, help 
chemists to determine what i s currently being done i n 
other laboratories. The minimum l e v e l of the quality of 
the science i s d i c t a t e d by the management of each 
company. Quite frequently the chemists themselves 
however, w i l l set the quality control measures to be 
adhered to through the use of well written standard 
operating procedures (SOPS) at an even higher l e v e l of 
performance standards than management. 

H i s t o r i c a l l y , the o r i g i n a l GLPS were designed 
primarily for toxicology studies. As a result, those of 
us who have been conducting t h e o r e t i c a l l y , non-regulated 
s t u d i e s , such as r e s i d u e and metabolism, have 
experienced a great deal of f r u s t r a t i o n i n our attempts 
at compliance. The methodology, terminology, and l o g i c 
which exist i n a toxicology study may not p r e v a i l i n a 
chemistry study. In trying to f i t t h i s square peg i n a 
round hole, we have i n the past few years ended up i n 
the regulatory limbo c a l l e d "the s p i r i t of compliance". 
Now, however, the game has changed and the ' s p i r i t ' of 
compliance i s no longer good enough. The most recent 
revisions to the GLPS are an e f f o r t to design one set of 
regulations for a l l studies, that i s , generic GLPS. 
Unfortunately to design generic GLPS means that the 
f i n a l document must be f i l l e d with genera l i t i e s . Thus a 
document stating what i s expected to be accomplished, 
but no measures as to how to do i t . Or i n other words, 
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what our goal i s , but no game plan. In essence the GLPS 
provide requirements f o r the thorough documentation 
needed to recontruct a study, but the soundness and 
quality of the science remain to be determined. 

Good Laboratory Practice Standards 

The GLPS i s a very thorough document encompassing a l l 
facets of a study including the organization and the 
people the f a c i l i t i e s , the equipment, the protocol and 
conduct of the study, the records and the reports with 
requirements for documenting a study from beginning to 
end. I t i s important to recognize the fact that the 
GLPS require documentation, but do not provide the 
standards of performance. A key point that i s readily 
overlooked. 

For example, Subpar
states that each individua
education, training, and experience necessary to perform 
the assigned functions. In a d d i t i o n , the t e s t i n g 
f a c i l i t y i s required to document t h i s t r a i n i n g and 
experience. Here the GLPS do not set the c r i t e r i a to 
equate a p a r t i c u l a r l e v e l of education to match a 
p a r t i c u l a r task. I t does however require management to 
maintain records to j u s t i f y the matching of people and 
t h e i r job functions. These records are one of the f i r s t 
items requested by the Agency during an audit, therefore 
the c a p a b i l i t i e s of the personnel conducting the studies 
w i l l become quite evident. 

By u t i l i z i n g such terms as su i t a b l e , s u f f i c i e n t , 
adequate, and appropriate, the s c i e n t i s t s who are 
responsible for writing the GLPS have acknowledged that 
the r e s p o n s i b i l i t y for s c i e n t i f i c judgement must remain 
with the chemists who are conducting the study. 
Subsection 160.63 of 40CFR160 requires equipment to be 
adequately inspected, cleaned, maintained, tested, 
calibrated, and/or standardized. With the large variety 
of instrumentation used to conduct a l l the various types 
of studies which are regulated by the GLPS, i t i s not 
f e a s i b l e f o r the measurements used to determine 
adequate maintainance and c a l i b r a t i o n to be l i s t e d i n 
the GLPS. However paragraph (c) of t h i s subsection does 
require written records which are usually i n the form of 
a logbook for each instrument containing the necessary 
information to support proper use and care. Here again, 
through a review of the records a decision can be made 
on the quality of the science. 

Another similar example i s the reference to Standard 
Operating Procedures. The testing f a c i l i t y s h a l l have 
written SOPS that adequately ensure the q u a l i t y and 
i n t e g r i t y of the data generated. This i s an opportunity 
f o r the chemist to ensure that the q u a l i t y of the 
s c i e n c e i s maintained u n i f o r m l y and c o n s i s t e n t l y 
throughout the laboratory, no matter who i s doing the 
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work. Well w r i t t e n SOPS can set the standards of 
performance n e c e s s a r y t o m a i n t a i n the l e v e l of 
excellance desired by management and dictated by the 
science. However i t should be expected that SOPS w i l l 
d i f f e r from company t o company or u n i v e r s i t y to 
university. The bottom l i n e i s there are no rules on 
how to write SOPS nor should there be. I t i s the 
s c i e n t i s t conducting the study who should use good 
judgement i n writing the SOPs to b u i l d i n the quality. 
Again an Agency auditor w i l l want to review the SOP 
manual to determine the quality which has been b u i l t 
into both the laboratory and quality assurance standard 
operating procedures. 

In addition, there are no c r i t e r i a i n 40CFR160 for 
the resolution of the chromatography. What numerical 
value should be placed on a sample found to be non
detectable? What shoul
a n a l y t i c a l standar
You won't f i n d the answers to these questions i n the 
GLPS. I f these answers cannot be found i n the GLPS, 
where can they be found? The r e s p o n s i b i l i t y for the 
l i m i t i n g factors needed to produce quality work begins 
f i r s t with those conducting the study. 

Quality Control vs Quality Assurance 

When speaking of quality, i t i s necessary to make a 
c l e a r d i s t i n c t i o n between the two components which 
develop a quality program - quality control and quality 
assurance. 

Quality Control refers to the tools a chemist uses 
to measure the accuracy and precision of the methods and 
procedures. 

Q u a l i t y Assurance i s the system of monitoring, 
inspecting, and auditing which assures that the work i s 
documented and conducted according to protocol and the 
l a b o r a t o r i e s standard operating procedures from the 
conception of a study to the review of the f i n a l report. 

While t h e s e a r e two s e p a r a t e and d i s t i n c t 
a c t i v i t i e s , each must complement the other to ensure a 
q u a l i t y program. Day to day quality control i n the 
laboratory i s the o b l i g a t i o n of the chemist. The 
c h e m i s t d e v e l o p s t h e methods, c a l i b r a t e s the 
instruments, and with management approval develops the 
standard o p e r a t i n g procedures f o r the l a b o r a t o r y . 
Quality control i s running duplicate samples, reagent 
blanks, f o r t i f i c a t i o n samples, l i n e a r i t y checks and 
confirmatory analyses. 

Quality Assurance, the r e s p o n s i b i l i t y of the quality 
assurance u n i t , i s the n i t p i c k i n g , but t o t a l l y 
necessary, job of determining the quality of conformance 
t o r e g u l a t i o n s e s t a b l i s h e d by managers and t h e i r 
chemists and i s done v i a audits and inspections. To 
develop a thorough quality program both quality control 
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and q u a l i t y assurance measures must e x i s t . Quality 
science i s of l i m i t e d value without the supportive 
documentation mandated by the GLPS and monitored by a 
Quality Assurance System. Quality.documentation without 
quality science may prove the study to be i n v a l i d and i t 
i s c e r t a i n l y not the goal of any laboratory to produce 
i n v a l i d data. However, we are now i n an age where 
quality science without documentation w i l l also re s u l t 
i n an i n v a l i d study. 

Responsiblity 

The r e s p o n s i b i l i t y for standards of performance of both 
the laboratory and the quality assurance unit must l i e 
f i r s t with management. A quality program must be a t r i a d 
composed of management  chemists d qualit
Management must provid
human and material)
do the work but document i t . The chemists develop v a l i d 
procedures f o r conducting studies which management 
approves and then the quality assurance unit ensures the 
study director and management that each study i s being 
conducted according to protocols and standard operating 
procedures. Perhaps with t h i s t r i a d i n mind, i t w i l l be 
easier to understand what each others jobs e n t a i l and 
that everyone i s responsible f o r the quality of the 
study. 

Conclusion 

GLPS may or may not add quality to a laboratory, hence 
the t i t l e of my paper, "GLPS and Myth of Quality". For 
those laboratories producing quality science but poor 
documentation, GLP compliance w i l l force the chemist to 
think about the importance of his research i n supporting 
re g i s t r a t i o n . For those with poor science, i t w i l l be 
e a s i e r to detect the poor q u a l i t y and force these 
chemists to develop better programs. While i t i s the 
r e s p o n s i b l i t y of EPA to ensure a r e l a t i v e l y safe 
environment t o the American p u b l i c , i t i s our 
responsbility to produce good science and document i t . 
We can not go to the IRS and say 'Well, I calculated 
that I should have paid $1000 i n taxes t h i s year 1 

without supportive documentation. Well neither should 
you expect the EPA to grant a r e g i s t r a t i o n for a product 
by merely stating that the compound i s not a hazard, has 
no detectable residue l e v e l s , nor does i t have any 
metabolites, without s u f f i c i e n t documentation. The 
purpose of GLPS i s to create thorough documentation. 
The conduct of the study and the l e v e l of q u a l i t y 
c o n t r o l measures w i l l then be evident through the 
auditing process. 

In conclusion, the quality of the science, or good 
science i f you perfer, can be considered a myth since 
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i n d i v i d u a l value systems are part of developing a 
q u a l i t y program. The GLPS r e q u i r e t h o r o u g h 
documentation of a study to j u s t i f y the quality and 
in t e g r i t y of the work. The chemist's objective should 
be to obtain v a l i d measurements and then be able to 
support the f i n d i n g s and conclusions of the study 
through documentation. Quality i n the form of good 
science and quality i n the form of compliance to GLPS 
and documentation are not the same and therefore a claim 
to quality can not be made based sol e l y on the existance 
of a GLP program. Supportive documentation i s however 
the key to compliance and therefore the key to quality. 
R E C E I V E D February 19, 1988 

In Good Laboratory Practices; Garner, W., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1988. 



Chapter 8 

Standard Operating Procedures 
One Element of a Program for Compliance 
with Good Laboratory Practice Regulations 

Alice E. Parks 

Agricultural Products Department, Experimental Station, 
E. I. du Pont de Nemours and Company, Wilmington, DE 19898 

Standard operating procedures (SOPs) are documents 
specifying procedure
the quality and
intended to reduce the introduction of errors and 
variables in a study by assuring that appropriate 
procedures are used consistently. They have a 
historical purpose after completion of a study as 
documentation of the procedures that were used. SOPs 
are one element of a compliance program required by 
the Good Laboratory Practice (GLP) regulations for 
studies that are submitted to support the registration 
of pesticides regulated by the Environmental 
Protection Agency (EPA). GLPs also apply to studies 
submitted under the Toxic Substances Control Act. 
This paper provides an overview of SOPs including 
regulatory requirements, and guidelines for 
establishing and maintaining a system of SOPs. 

The Good Laboratory Practice regulations are basic principles that 
have been developed to assure the quality and integrity of data 
generated from studies used for hazard assessment. These principles 
address the general processes for conducting studies, documenting 
procedures and results, and retaining records. They do not address 
s c i e n t i f i c considerations. 

In 1979, the f i r s t GLP regulations became effective for 
nonclinical studies submitted to the Food and Drug Administration. 
Since then, an increasing number of study types required by 
regulatory agencies for hazard assessment have been required to 
comply with GLP regulations. The EPA, under the Federal 
Insecticide, Fungicide and Rodenticide Act, will be proposing 
generic GLP regulations to address additional types of studies 
submitted for registration/reregistrati on or experimental use 
permits of pesticide products. The studies included wil l be 
environmental fate as well as certain product chemistry and 
ecological effects studies, among others. These generic GLPs will 
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apply the same p r i n c i p l e s e s t a b l i s h e d by the f i r s t GLP r e g u l a t i o n s . 
With t h i s expansion comes c h a l l e n g e s f o r novel a p p l i c a t i o n s of GLP 
p r i n c i p l e s t o s u i t the d i f f e r e n t types of s t u d i e s . Some of the 
g r e a t e s t c h a l l e n g e s w i l l be presented by f i e l d s t u d i e s because of 
the l a r g e number of s t u d i e s conducted i n numerous d i s t a n t l o c a t i o n s . 
I n d i v i d u a l s w i t h s k i l l s i n Q u a l i t y Assurance (QA) w i l l be working 
c l o s e l y w i t h s c i e n t i s t s who are f a m i l i a r w i t h these s t u d i e s t o 
develop compl iance programs. 

Standard o p e r a t i n g procedures are one aspect of a complete GLP 
compliance program. They are r e l a t i v e l y s t r a i g h t f o r w a r d t o apply t o 
t h e s e a d d i t i o n a l study t y p e s . The f o l l o w i n g review of the GLP 
requirements f o r SOPs and recommendations f o r d e v e l o p i n g an SOP 
system are presented t o h e l p i n d i v i d u a l s who are l e a r n i n g the GLP 
p r i n c i p l e s and/or d e v e l o p i n g a GLP compliance program. 

D e f i n i t i o n and Purpose of SOPs 

Standard o p e r a t i n g procedure
procedures t h a t must be f o l l o w e d t o assure the q u a l i t y and i n t e g r i t y 
of study d a t a . One of the purposes of SOPs i s t o reduce the 
i n t r o d u c t i o n of e r r o r s and v a r i a b l e s i n a study by a s s u r i n g t h a t 
a p p r o p r i a t e procedures are used c o n s i s t e n t l y by a l l p e r s o n n e l . The 
o t h e r p u r p o s e , which i s a h i s t o r i c a l p e r s p e c t i v e , i s t o o u t l i n e how 
a study was c o n d u c t e d . 

The d i s t i n c t i o n between SOPs and p r o t o c o l s i s o f t e n u n c l e a r t o 
i n d i v i d u a l s who are becoming f a m i l i a r w i t h the GLP r e g u l a t i o n s . A 
p r o t o c o l o u t l i n e s t h e o b j e c t i v e s and methods f o r a s t u d y ; i t 
i n d i c a t e s what w i l l be performed d u r i n g a s t u d y . In c o n t r a s t , SOPs 
are more s p e c i f i c and o u t l i n e how the p o r t i o n s of the study w i l l be 
c o n d u c t e d . For example, a p r o t o c o l f o r a cow r e s i d u e study o u t l i n e s 
the t i s s u e samples t o be taken at n e c r o p s y , whereas an SOP o u t l i n e s 
t h e procedure f o r c o l l e c t i n g the samples. 

Value of SOPs 

The use of SOPs r e s u l t s i n a d d i t i o n a l b e n e f i t s t o an o r g a n i z a t i o n 
beyond GLP c o m p l i a n c e . Some of the ways i n which they are 
b e n e f i c i a l are o u t l i n e d below. 

t SOPs o u t l i n e the c r i t i c a l a s p e c t s of a procedure and h e l p t o 
assure t h a t t h e s e a s p e c t s are a p p r o p r i a t e l y emphasized d u r i n g 
the conduct of the p r o c e d u r e . 

• SOPs h e l p t o assure c o n s i s t e n c y among i n d i v i d u a l s who are 
per forming a p r o c e d u r e . As o u t l i n e d p r e v i o u s l y , they h e l p t o 
prevent t h e i n t r o d u c t i o n of e r r o r s and v a r i a b l e s . When they 
are i n p l a c e , i n d i v i d u a l s do not have t o r e l y on memory o r 
word-of-mouth communication of p r o c e d u r e s . 

t SOPs can h e l p assure t h a t a p p r o p r i a t e documentation 
and d a t a c o l l e c t i o n o c c u r by o u t l i n i n g the records t o be 
generated d u r i n g t h e performance of a p r o c e d u r e . 

• SOPs can be used i n t r a i n i n g i n d i v i d u a l s t o c l e a r l y 
communicate t h e s p e c i f i c method f o r per forming a procedure. 
This h e l p s t o prevent m i s u n d e r s t a n d i n g s . 

• SOPs h e l p t o assure t h a t personnel perform work a c c o r d i n g t o 
the most u p - t o - d a t e standards or methods t h a t are o u t l i n e d . 
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In t h i s way, they prevent c o n f u s i o n i n i d e n t i f y i n g the most 
c u r r e n t method t o be u s e d . 

• SOPs improve p l a n n i n g and o r g a n i z a t i o n . P r e p a r i n g an SOP 
r e q u i r e s an i n d i v i d u a l t o t h i n k through the process t o be 
d e s c r i b e d . In doing t h i s , p o t e n t i a l problems can be 
i d e n t i f i e d and e l i m i n a t e d . 

• SOPs a s s i s t i n the e f f o r t t o s t a n d a r d i z e , and t h i s improves 
e f f i c i e n c y . A procedure t h a t i s w r i t t e n as an SOP e l i m i n a t e s 
the need t o redevelop the procedure each t ime i t i s 
performed. 
This aspect i s p a r t i c u l a r l y h e l p f u l t o o r g a n i z a t i o n s t h a t are 
s t a r t i n g a GLP compliance program. SOPs t h a t address 
procedures such as p r e p a r i n g and amending p r o t o c o l s and f i n a l 
r e p o r t s , h e l p t o ensure t h a t s tandard p r a c t i c e s are used i n 
the o r g a n i z a t i o n . 

• When c o n t r a c t i n g work, sponsors can review SOPs from the 
c o n t r a c t f a c i l i t y
w i l l be performed

The end r e s u l t of t h e s e b e n e f i t s i n c l u d e s improving the accuracy 
and i n t e g r i t y of d a t a g e n e r a t e d , improving communication, and 
improving e f f i c i e n c y . In a w o r s t - c a s e s i t u a t i o n , SOPs can help i n 
p r e v e n t i n g the r e p e t i t i o n of p a r t or a l l of a study and can a i d i n 
p r e v e n t i n g s i g n i f i c a n t e r r o r s t h a t might otherwise remain 
u n d e t e c t e d . 

An example of a s i t u a t i o n demonstrat ing how SOPs can add v a l u e 
t o an o r g a n i z a t i o n by p r e v e n t i n g wasted e f f o r t i s presented below. 
A f t e r our o r g a n i z a t i o n i n t r o d u c e d SOPs f o r f i e l d r e s i d u e t e s t i n g , 
t h e i n d i v i d u a l r e s p o n s i b l e f o r a p r e v i o u s a p p l i c a t i o n of t e s t 
m i x t u r e was c h e c k i n g the procedures he had used f o r c a l c u l a t i n g the 
amount of m a t e r i a l a p p l i e d w i t h the method o u t l i n e d i n the SOP. 
A f t e r c h e c k i n g h i s c a l c u l a t i o n s , the i n d i v i d u a l d i s c o v e r e d he had 
m i s c a l c u l a t e d and t h a t the crop a l r e a d y harvested from t h i s p l o t 
would not meet t h e o b j e c t i v e s of the s t u d y . The samples had t o be 
d i s c a r d e d . 

G u i d e l i n e s f o r P r e p a r i n g SOPs 

An a p p r o p r i a t e SOP s h o u l d e x i s t p r i o r t o per forming each procedure 
d u r i n g a s t u d y . Each f a c i l i t y o r group should e s t a b l i s h a method o r 
system f o r o r g a n i z i n g SOPs, determine the general content and a s s i g n 
personnel t o w r i t e them. This can make the process of p r e p a r i n g , 
u s i n g , u p d a t i n g and r e t a i n i n g SOPs most e f f i c i e n t . 

O r g a n i z a t i o n of the SOP System. In p l a n n i n g the p r e p a r a t i o n of SOPs 
f o r the many procedures t h a t w i l l be performed i n t h e f a c i l i t y , a 
method f o r managing the SOPs s h o u l d be c o n s i d e r e d f i r s t . The 
o r g a n i z a t i o n of t h e s e documents should a l l o w f o r maximum ease i n the 
f o l l o w i n g a r e a s : 

t Use - Most i m p o r t a n t l y , t h e SOP system should be o r g a n i z e d t o 
ensure ease and e f f i c i e n c y i n u s e . 

• P r e p a r a t i o n - SOPs should be prepared and i n s e r t e d i n t o the 
system (or e l i m i n a t e d ) at any t ime without r e a r r a n g i n g the 
whole system. 
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• R e f e r e n c i n g - SOPs should be indexed o r numbered f o r easy 
r e f e r e n c e . 

• R e v i s i o n - R e v i s i o n s should occur i n a t i m e l y manner and w i t h 
minimal impact on the system. 

t R e c o n s t r u c t i o n - On a h i s t o r i c a l b a s i s , personnel must be 
a b l e t o i d e n t i f y the SOPs t h a t were i n e f f e c t f o r any s t u d y . 

Independent SOP s u b d i v i s i o n s or u n i t s should be w r i t t e n r a t h e r 
than a "text" of SOPs. A s e p a r a t e SOP f o r each f u n c t i o n , or f o r 
each model or type of equipment should be p r e p a r e d . 

An i n d e x i n g o r numbering system a l l o w s f o r ease i n r e f e r e n c i n g 
and l o c a t i n g t h e SOP f o r c u r r e n t u s e , and i t a s s i s t s i n p i n p o i n t i n g 
s p e c i f i c SOPs t h a t were i n e f f e c t f o r past s t u d i e s . A unique number 
o r alphanumeric code f o r each SOP can meet these needs. 

The i n d e x i n g system should be s t r u c t u r e d i n a manner t h a t i s 
c o n s i s t e n t w i t h the o r g a n i z a t i o n of the f a c i l i t y or w i t h the type of 
work c o n d u c t e d . For example, the f i r s t l e v e l of i n d e x i n g can be 
based on f u n c t i o n a l g r o u p s
f o r each f u n c t i o n a l group, a general category of SOPs can be 
developed t o address procedures common t o a l l groups. W i t h i n each 
f u n c t i o n a l group, the next l e v e l of i n d e x i n g can d i s t i n g u i s h between 
p r o c e d u r a l and equipment SOPs. Each SOP can be i d e n t i f i e d f u r t h e r 
w i t h a unique number. A f i n a l l e v e l f o r the i n d e x i n g system can 
d e s i g n a t e the r e v i s i o n number f o r each SOP. 

Content of SOPs. In p r e p a r i n g SOPs, t h e s e key p o i n t s should be 
f o l l o w e d : 

t Use a c l e a r and d e s c r i p t i v e t i t l e f o r each SOP. 
• O u t l i n e t h e c r i t i c a l a s p e c t s of per forming t h e procedure t o 

ensure t h a t i t w i l l be conducted c o r r e c t l y and t o ensure t h a t 
the d a t a generated i s of h igh q u a l i t y . 

t P r o v i d e s u f f i c i e n t d e t a i l w i t h o u t being u n n e c e s s a r i l y 
r e s t r i c t i v e . The SOP must meet the need of an i n d i v i d u a l 
user w h i l e being general enough such t h a t i t i s a p p r o p r i a t e 
f o r more than one u s e r . F l e x i b i l i t y should be w r i t t e n i n t o 
an SOP whenever a p p r o p r i a t e ; however, i f an SOP i s t o o 
g e n e r a l , i t may be u s e l e s s i n meeting i t s i n t e n d e d purpose. 

t Organize t h e SOP by o r d e r i n g the sequence of events i n v o l v e d 
i n p e r f o r m i n g t h e p r o c e d u r e . Present the t e x t i n a 
s t r a i g h t f o r w a r d and e a s y - t o - f o l l o w manner. A f t e r d r a f t i n g 
the SOP, use i t i n p e r f o r m i n g the procedure or o p e r a t i n g the 
equipment t o ensure t h a t i t i s c l e a r and has s u f f i c i e n t 
d e t a i l t o be f o l l o w e d by t r a i n e d p e r s o n n e l . 

t P u b l i s h e d l i t e r a t u r e ( e . g . , t e x t b o o k s and manuals) may be 
r e f e r e n c e d i n an SOP or may be used as a supplement t o an 
SOP. However, p u b l i s h e d l i t e r a t u r e alone does not c o m p l e t e l y 
address t h e s p e c i f i c needs of a group or f a c i l i t y . 
P u b l i c a t i o n s u s u a l l y c o n t a i n more i n f o r m a t i o n than i s 
a p p r o p r i a t e and are not c l e a r enough i n s p e c i f y i n g which 
procedure t o u s e . 

• If forms are used i n c o l l e c t i n g d a t a when per forming the 
p r o c e d u r e , they may be i n c l u d e d . A l t e r n a t i v e l y , t h e t i t l e of 
the form can be r e f e r e n c e d and c u r r e n t forms can be l o c a t e d 
i n a f i l e . This l a t t e r o p t i o n f a c i l i t a t e s u p d a t i n g forms 
w i t h o u t r e v i s i n g SOPs. 
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• I n d i c a t e t h e e f f e c t i v e date of t h e SOP. 
t I n d i c a t e t h e t o t a l number of pages so the users can be 

c e r t a i n t h a t they are per forming the complete p r o c e d u r e . 
• Have t h e p r e p a r e r ( s ) and management s i g n each SOP. 
In a d d i t i o n , GLP r e g u l a t i o n s r e q u i r e SOPs f o r equipment t o 

address the f o l l o w i n g s p e c i f i c i t e m s : 
• Methods, m a t e r i a l s , and schedules t o be used i n the r o u t i n e 

i n s p e c t i o n , c l e a n i n g , maintenance, t e s t i n g , c a l i b r a t i o n , 
and/or s t a n d a r d i z a t i o n of equipment. 

• Remedial a c t i o n t o be taken i n the event of f a i l u r e o r 
m a l f u n c t i o n of equipment. 

• The person r e s p o n s i b l e f o r the performance of each o p e r a t i o n . 
The person's p o s i t i o n or t i t l e should be used r a t h e r than a 
s p e c i f i c name t o a v o i d unnecessary SOP r e v i s i o n when a person 
changes r e s p o n s i b i l i t i e s . 

Assignment of Personnel
r e s p o n s i b i l i t y f o r p r e p a r a t i o n i s t o i n v o l v e at l e a s t one person 
from each work area of the o r g a n i z a t i o n t o w r i t e and r e v i s e SOPs f o r 
the a r e a . C o n s i s t e n c y i s reached by having a person c o o r d i n a t e the 
SOP system and t h e i n d i v i d u a l s from the d i f f e r e n t a r e a s . A guidance 
document f o r p r e p a r i n g SOPs h e l p s t o e s t a b l i s h u n i f o r m i t y i n the 
system and helps t o ensure each SOP c o n t a i n s a p p r o p r i a t e 
i n f o r m a t i o n . I t i s p a r t i c u l a r l y u s e f u l t o o r g a n i z a t i o n s t h a t are 
d e v e l o p i n g t h e i r compliance program. 

Along w i t h h e l p i n g t o promote c o o p e r a t i o n among p e r s o n n e l , t h i s 
approach ensures t h a t these documents are t e c h n i c a l l y sound, and 
t h a t i n d i v i d u a l s who conduct the work/studies are r e s p o n s i b l e f o r 
t h e accuracy of t h e SOPs and f o r f o l l o w i n g the SOPs. 

R e s p o n s i b i l i t i e s A s s o c i a t e d w i t h SOPs 

The GLP r e g u l a t i o n s o u t l i n e r e s p o n s i b i l i t i e s of d i f f e r e n t 
i n d i v i d u a l s o r groups p e r t a i n i n g t o SOPs t h a t i n c l u d e : 

• Management 
Management must be s a t i s f i e d t h a t the procedures o u t l i n e d i n 
the SOPs a s s u r e t h e q u a l i t y and i n t e g r i t y of d a t a t h a t are 
generated d u r i n g s t u d i e s , and should s i g n t h e SOPs t o 
document t h i s . In a d d i t i o n , management must a u t h o r i z e i n 
w r i t i n g any s i g n i f i c a n t changes i n e s t a b l i s h e d standard 
o p e r a t i n g p r o c e d u r e s . 

• Study D i r e c t o r 
The study d i r e c t o r i s r e s p o n s i b l e f o r e n s u r i n g t h a t SOPs are 
f o l l o w e d and t h a t d e v i a t i o n s are documented i n t h e raw d a t a . 

• User 
I n d i v i d u a l s per forming the s t u d i e s are r e s p o n s i b l e f o r 
f o l l o w i n g the SOPs and documenting d e v i a t i o n s from SOPs. 

t QA U n i t 
Through a u d i t i n g , t h e QA U n i t must determine i f SOPs are used 
and t h a t d e v i a t i o n s from SOPs were p r o p e r l y a u t h o r i z e d and 
documented. 
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R e v i s i o n s t o SOPs 

SOPs are s u b j e c t t o cont inuous r e v i s i o n r e f l e c t i n g i n f l u e n c e s from 
many sources such as changing t e c h n o l o g y , e f f i c i e n c y improvement of 
methods, e t c . An SOP s h o u l d be r e v i s e d as soon as t h e procedure i s 
i d e n t i f i e d as permanently changed. As o u t l i n e d p r e v i o u s l y , 
management must a u t h o r i z e i n w r i t i n g a l l s i g n i f i c a n t changes t o 
i s s u e d SOPs. To ensure t h a t SOPs are c u r r e n t and a c c u r a t e , they 
should be reviewed on a p e r i o d i c b a s i s ( e . g . , a n n u a l l y ) by personnel 
who are a s s i g n e d t o prepare them. A method should be developed t o 
ensure users are aware of c u r r e n t v e r s i o n s . 

The study d i r e c t o r must a u t h o r i z e nonpermanent d e v i a t i o n s from 
SOPs t h a t are s p e c i f i c f o r a p a r t i c u l a r s t u d y . These do not r e q u i r e 
an SOP r e v i s i o n . The d e v i a t i o n s must be documented i n the study 
r e c o r d s . 

L o c a t i o n of SOPs 

SOPs t h a t are p e r t i n e n t t o t h e work conducted i n each area must be 
immediately a v a i l a b l e so t h a t i n d i v i d u a l s have d i r e c t access t o them 
and can ensure t h a t they are a c c u r a t e l y per forming t h e p r o c e d u r e s . 
I f SOPs are not r e a d i l y a v a i l a b l e , people are u n l i k e l y t o r e t r i e v e 
them due t o f a c t o r s such as t ime p r e s s u r e s or i n c o n v e n i e n c e . 
P u b l i s h e d l i t e r a t u r e t h a t i s used t o supplement SOPs, such as an 
instrument manual , a l s o must be r e a d i l y a c c e s s i b l e . 

In a d d i t i o n , t h e QA U n i t s h o u l d have a copy of a l l c u r r e n t SOPs 
t o enable QA personnel t o r e f e r t o them when a u d i t i n g . 

R e t e n t i o n of SOPs 

A l l SOPs, i n c l u d i n g c u r r e n t and o b s o l e t e v e r s i o n s , must be r e t a i n e d . 
This enables f u t u r e r e c o n s t r u c t i o n of the procedures used t o perform 
any s t u d y , independent of personnel who were i n v o l v e d i n the s t u d y . 
Documenting t h e s p e c i f i c SOPs used i n the study records c l e a r l y 
i d e n t i f i e s t h e a p p r o p r i a t e SOPs. 

One group i n t h e o r g a n i z a t i o n s h o u l d be a s s i g n e d t h e 
r e s p o n s i b i l i t y f o r m a i n t a i n i n g t h i s f i l e of SOPs. An i n d e x i n g 
system and dates i n d i c a t i n g when the SOP was e f f e c t i v e are necessary 
t o ensure proper i d e n t i f i c a t i o n of SOPs i n minimal t i m e . 

EPA I n s p e c t i o n of SOPs 

During a GLP i n s p e c t i o n of a f a c i l i t y by the EPA, t h e i n s p e c t o r s 
u s u a l l y examine SOPs and may check t h e items o u t l i n e d below t o 
determine t h e compl iance s t a t u s of t h e system. Commonly, i n s p e c t o r s 
request c o p i e s of SOPs t o i n c l u d e them i n the i n s p e c t i o n r e p o r t i n 
support of t h e i r o b s e r v a t i o n s . 

§ I f a d a t a a u d i t i s per formed, t h e i n s p e c t o r s may request t o 
see the SOPs t h a t were i n e f f e c t when the study was 
c o n d u c t e d . 

• To determine i f c u r r e n t SOPs e x i s t f o r a p p r o p r i a t e f u n c t i o n s , 
i n s p e c t o r s may request a l i s t of the SOPs f o r t h e 
o r g a n i z a t i o n . A d d i t i o n a l l y , they may review t h e content of 
s p e c i f i c SOPs. 
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• While t o u r i n g the f a c i l i t y , t h e i n s p e c t o r s w i l l probably ask 
t o see SOPs t h a t are immediately a v a i l a b l e f o r t h e procedures 
performed i n each a r e a . 

t To e v a l u a t e the u s e r ' s knowledge of SOPs, t h e i n s p e c t o r may 
d i r e c t s p e c i f i c q u e s t i o n s t o t h e u s e r . For example, the 
i n s p e c t o r may ask an i n d i v i d u a l where a s p e c i f i c SOP i s 
l o c a t e d w h i l e the i n s p e c t o r i s i n an area where t h a t 
procedure i s performed, o r t h e i n s p e c t o r may ask the 
i n d i v i d u a l how he/she becomes f a m i l i a r w i t h new or r e v i s e d 
SOPs. 

Examples of Topics t o be Addressed i n SOPs 

Some examples of t o p i c s t o be addressed i n SOPs f o r 
s t u d i e s such as environmental f a t e and r e s i d u e are o u t l i n e d below. 

• C h a i n - o f - c u s t o d y procedures f o r t e s t substances o r mixtures -
i n c l u d i n g procedure

t P r e p a r a t i o n of t e s t substances o r m i x t u r e s f o r a p p l i c a t i o n 
§ A p p l i c a t i o n of t e s t substances or m i x t u r e s - i n c l u d i n g 

procedures f o r p r e v e n t i n g c r o s s c o n t a m i n a t i o n 
• Equipment u s e , maintenance and c a l i b r a t i o n 
t C o l l e c t i n g samples - i n c l u d i n g procedures f o r t a k i n g 

r e p r e s e n t a t i v e samples, p r e v e n t i n g c r o s s c o n t a m i n a t i o n among 
samples, and i d e n t i f i c a t i o n of samples 

• Procedures f o r chemical a n a l y s i s - i n c l u d i n g procedures f o r 
a n a l y s i s of t e s t s u b s t a n c e s , a p p l i c a t i o n m i x t u r e s and samples 

• C h a i n - o f - c u s t o d y procedures f o r samples - i n c l u d i n g 
procedures f o r s t o r i n g , p a c k i n g and s h i p p i n g 

0 A r c h i v i n g t e s t s u b s t a n c e s , study records and samples 
• QA procedures - i n c l u d i n g a u d i t i n g procedures and m a i n t a i n i n g 

the master schedule 
• Computer use - i n c l u d i n g procedures f o r data g e n e r a t i o n , 

v a l i d a t i o n of s o f t w a r e , s e c u r i t y , e t c . 
A r e l a t i v e l y complex area t o address i s procedural SOPs f o r 

chemical a n a l y s e s i n metabolism s t u d i e s . One approach i s t o address 
the major o p e r a t i o n s t h a t are common t o the s t u d i e s , f o r example 
c h a r a c t e r i z a t i o n of m e t a b o l i t e s i n s o i l . The SOP can d e s c r i b e the 
general p r o c e s s , o p t i o n s a v a i l a b l e i n the process and requirements 
f o r acceptance o r r e j e c t i o n of d a t a . S t u d y - s p e c i f i c procedures t h a t 
complement the SOPs can be o u t l i n e d i n d e t a i l and r e t a i n e d as p a r t 
of the study r e c o r d s . These s t u d y - s p e c i f i c procedures can be 
prepared i n t h e form of a work sheet and used f o r e n t e r i n g o r i g i n a l 
documentat ion, such as the person who performed the procedure and 
the date i t was performed. 

Summary 

Expanding the GLP r e g u l a t i o n s t o i n c l u d e a d d i t i o n a l s t u d i e s t h a t are 
submitted t o r e g u l a t o r y agencies r e q u i r e s a p p l y i n g the b a s i c GLP 
p r i n c i p l e s t o new a r e a s . The purpose of t h e s e p r i n c i p l e s i s t o 
assure and document high q u a l i t y data f o r hazard assessment. SOPs 
c o n t r i b u t e as an element of GLP compl iance by h e l p i n g t o assure t h a t 
t h e a p p r o p r i a t e procedures are c o n s i s t e n t l y used i n per forming 
s t u d i e s . 
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In implementing SOPs as p a r t of a compliance program, each 
o r g a n i z a t i o n s h o u l d develop a system f o r managing the SOPs t h a t w i l l 
be e f f e c t i v e f o r i t s o p e r a t i o n s . When p r e p a r i n g s p e c i f i c SOPs, t h e 
o r g a n i z a t i o n s h o u l d focus on the purpose of SOPs, t h e r e g u l a t o r y 
r e q u i r e m e n t s , and t h e recommendations presented above. This w i l l 
maximize the b e n e f i t s t h a t can be r e a l i z e d through t h e use of SOPs. 

R E C E I V E D January 29, 1988 
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Chapter 9 

The Protocol and Its Impact on Research 
Activities 

Robert J . Daun 

Hazleton Laboratories America, Madison, WI 53704 

Existing Good Laborator
mandate that each study have a protocol that clearly 
defines the key elements of the study. Although the 
GLPs define the key elements of a valid protocol, the 
document must be designed to provide a proper balance 
between an exact definition of what will be done and 
still retain a degree of flexibility. Although a 
protocol is required by GLPs, it should never be 
regarded as a document prepared solely to meet 
administrative requirements. Rather, it should be 
considered a necessity to ensure an efficiently 
conducted scientific study of high quality. The 
purpose of this article is to discuss the impact of a 
well-designed protocol on the performance of the 
study. Examples are given as to how the protocol is 
used, both before study initiation and during the 
actual conduct of the study. 

Existing Good Laboratory Practice (GLP) regulations dictate that 
"Each study shall have an approved written protocol that clearly 
Indicates the objectives and all methods for the conduct of the 
study."(1) The term "protocol" has become a key word in the 
vocabulary of scientists Involved 1n health-effects studies since 
the late 1970's. To many, the word protocol itself has taken on a 
new and highly narrowed meaning. An examination of the dictionary 
definition of the term protocol provides a point of interest not 
only 1n the historical derivation of the term but also some unique 
insights 1n how the document should function in the current context 
of a regulated study. A part of Webster's(2) definition of the 
term protocol 1s ". . . first sheet of papyrus roll bearing the 
authentication and date of manufacture of the papyrus. Papyrus 
roll, sheets of papyrus glued together, literally, that which is 
glued together." Within this classical definition can be found 
some key Items relevant to the use of the term protocol. These two 
Items are "authentication" and "glued together." The study 
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p r o t o c o l , as mandated by e x i s t i n g and proposed GLPs, serves as an 
a u t h e n t i c a t i n g document b e a r i n g the s i g n a t u r e s of key p a r t i e s to be 
i n v o l v e d i n the proposed s t u d y ; and i n the c u r r e n t v e r n a c u l a r , 
serves to "glue t o g e t h e r , " i n an o r d e r l y f a s h i o n , the s p e c i f i c 
o p e r a t i n g requirements of the study. 

The format of a study p r o t o c o l i s l e f t to the e n t i t y 
d e v e l o p i n g the p r o t o c o l ; however, the b a s i c requirements are 
c l e a r l y set f o r t h i n the GLP r e g u l a t i o n s . The for thcoming broad 
a p p l i c a t i o n of GLPs to chemist ry -based and f i e l d s t u d i e s means 
t h a t , f o r the f i r s t t i m e , many groups w i l l f i n d the need to develop 
study p r o t o c o l s t h a t w i l l conform to the requirements of GLPs. 
There needs to be a r e c o g n i t i o n by the study s c i e n t i s t s t h a t 
development of t h i s document i s much more than an a d m i n i s t r a t i v e 
e x e r c i s e . This document, when p r o p e r l y c o n s t r u c t e d , p r o v i d e s the 
key working t o o l f o r the s u c c e s s f u l c o m p l e t i o n of the study. 

The P r o t o c o l — W h a t Does

The study p r o t o c o l must, f i r s t and foremost , c o n t a i n a c l e a r l y 
s t a t e d o b j e c t i v e of the r e s e a r c h a c t i v i t y to f o l l o w . I t has not 
been unusual f o r s t u d i e s to be conducted w i t h o u t a l l of the study 
team understanding the scope of the i n v e s t i g a t i o n . For example, a 
study conducted to determine the i d e n t i t y and r e l a t i v e q u a n t i t y of 
a p e s t i c i d e and i t s m e t a b o l i t e s i n the e d i b l e p o r t i o n s of 
f o o d - p r o d u c i n g animals should be r e s t r i c t e d to the a c t i v i t i e s 
necessary to p r o v i d e t h i s i n f o r m a t i o n . Without a c l e a r l y s t a t e d 
o b j e c t i v e , t h i s type of study c o u l d i n s t e a d be manipulated i n t o an 
attempt to determine t o x i c o l o g i c a l responses or p a t h o l o g i c a l 
e f f e c t s . The data obtained c o u l d be of q u e s t i o n a b l e value because 
the p r o t o c o l d e s i g n would not c o n t a i n the necessary elements to 
p r o v i d e r e l i a b l e d a t a . This i s not to say t h a t combined s t u d i e s 
are of no v a l u e , but i f a study i s m u l t i d i s c i p l i n a r y i n n a t u r e , the 
study d e s i g n should c o n t a i n i n p u t from s t a f f q u a l i f i e d i n the 
d i s c i p l i n e s i n v o l v e d . 

A p r o t o c o l p r o v i d e s a focus of r e s p o n s i b i l i t i e s f o r a l l 
members of the study team. The combination of a c l e a r l y s t a t e d 
o b j e c t i v e , a l o n g w i t h a c l e a r d e f i n i t i o n of the methods and 
m a t e r i a l s , w i l l a v o i d c o n f u s i o n d u r i n g the study when o f t e n there 
i s not time f o r e x t e n s i v e c o n s u l t a t i o n among the study team. 

Most s t u d i e s intended f o r submission to a r e g u l a t o r y agency 
are developed to correspond to the requirements of some type of 
guidance document, such as the Federal I n s e c t i c i d e , F u n g i c i d e , and 
R o d e n t i c i d e Act (FIFRA) g u i d e l i n e s f o r p e s t i c i d e r e g i s t r a t i o n 
s t u d i e s . By i t s very n a t u r e , a g u i d e l i n e needs to be f l e x i b l e 
enough to a l l o w f o r v a r i a t i o n i n a s p e c i f i c s tudy. Because each 
study must be t a i l o r e d to the s p e c i f i c compound under i n v e s t i g a t i o n , 
i t i s wise to s o l i c i t r e g u l a t o r y agency review of the study p r o t o c o l 
to v e r i f y that the study w i l l p r o v i d e the r e q u i r e d i n f o r m a t i o n . I f 
reviewed and approved, the p r o t o c o l can p r o v i d e a means to a v o i d 
c o s t l y and time-consuming study r e p e a t s . 

Whether a study i s performed w i t h i n the sponsor ing f a c i l i t y 
or by a c o n t r a c t l a b o r a t o r y , i t i s necessary t h a t there be a review 
by a l l p a r t i e s i n v o l v e d . In a d d i t i o n to review by the study 
d i r e c t o r and, i n the case of a c o n t r a c t e d study, the Sponsor's 
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study m o n i t o r , i t i s wise to have the p r o t o c o l reviewed by the 
Q u a l i t y Assurance U n i t to v e r i f y compliance w i t h GLP p r o t o c o l 
r e q u i r e m e n t s . In the case of a study t h a t i n v o l v e s r a d i o a c t i v e 
i s o t o p e s , the p r o t o c o l should be reviewed by the performing 
l a b o r a t o r y ' s R a d i a t i o n S a f e t y O f f i c e r to ensure t h a t a l l 
requirements necessary f o r worker s a f e t y and p r e v e n t i o n of 
i n a d v e r t e n t c o n t a m i n a t i o n are s p e c i f i e d . The signed f i n a l p r o t o c o l 
p r o v i d e s w r i t t e n documentation t h a t a l l p a r t i e s are i n agreement as 
to the conduct of the s t u d y . 

The w e l l - c o n s t r u c t e d study p r o t o c o l p r o v i d e s a ready r e f e r e n c e 
f o r study s p e c i f i c i n f o r m a t i o n . The f i n a l p r o t o c o l should be sent 
to a l l of the key members of the study team and a copy should be 
present a t a l l s i t e s where any a c t i v i t y a s s o c i a t e d w i t h the study 
i s being performed. Even though the p r o t o c o l may have been 
reviewed by the study team, 1t i s not unusual f o r q u e s t i o n s to 
a r i s e d u r i n g the course of a study that can be r e a d i l y r e s o l v e d by 
another p e r f u n c t o r y revie

The study p r o t o c o
and c o s t s of a study and makes the study team aware of any unusual 
s c h e d u l i n g or n o n - t y p i c a l equipment r e q u i r e d to c a r r y out the 
s t u d y . Although the use of the p r o t o c o l f o r c o s t i n g purposes i s of 
extreme importance to a c o n t r a c t l a b o r a t o r y , the same i n f o r m a t i o n 
i s of importance f o r noncontracted s t u d i e s . I t a l l o w s the 
per forming f a c i l i t y to ensure t h a t a l l of the r e q u i r e d r e s o u r c e s , 
i n terms of t r a i n e d s t a f f , f a c i l i t i e s , and equipment, w i l l be 
a v a i l a b l e and i n p l a c e a t study i n i t i a t i o n . 

A p r o t o c o l p r o v i d e s a mechanism f o r review of data and 
r e p o r t s d u r i n g , and a t the c o n c l u s i o n o f , the s t u d y . A r e g u l a r 
review of the a c t u a l study conduct , i n r e f e r e n c e to the planned 
conduct as d e t a i l e d i n the p r o t o c o l , p r o v i d e s a degree of 
c o n f i d e n c e t h a t the r e s u l t s obtained w i l l be c o n s i s t e n t w i t h the 
study o b j e c t i v e s . That i s not to say that minor d e v i a t i o n s can 
n o t , or should n o t , occur throughout the course of the s t u d y . The 
GLP r e g u l a t i o n s , however, r e q u i r e that these d e v i a t i o n s be noted i n 
the f i n a l r e p o r t of the s t u d y . The study p r o t o c o l p r o v i d e s the 
"master" r e f e r e n c e f o r c o m p i l a t i o n of these d e v i a t i o n s . 

More than a n y t h i n g e l s e , the p r o t o c o l i s a working document. 
I t 1s the s i n g l e most important r e f e r e n c e f o r a d d r e s s i n g common 
q u e s t i o n s t h a t a r i s e d u r i n g the s t u d y . As a working document, i t 
i s necessary that m u l t i p l e c o p i e s be a v a i l a b l e f o r use by members 
of the study team. Once the document i s f i n a l i z e d w i t h a l l the 
a p p r o p r i a t e s i g n a t u r e s , i t i s important t h a t i t not be r e l e g a t e d to 
a f i l e where i t i s not r e a d i l y a v a i l a b l e when needed. 

The Major Impacts of a W e l l - D e s i g n e d P r o t o c o l on Research A c t i v i t i e s 

One of the major impacts of a w e l l designed p r o t o c o l i s 1n the area 
of prestudy p l a n n i n g . I t 1s a common occurrence i n the p l a n n i n g of 
a s tudy, that a number of changes to the i n i t i a l or d r a f t p r o t o c o l 
w i l l be d i c t a t e d . In t h i s f a s h i o n , the p l a n n i n g process comes f u l l 
c i r c l e ; the d r a f t p r o t o c o l p r o v i d e s a p l a n n i n g document, and the 
p l a n n i n g process i t s e l f w i l l r e s u l t i n a f i n a l p r o t o c o l r e q u i r i n g 
few amendments or s i g n i f i c a n t d e v i a t i o n s . 
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A w e l l - d e s i g n e d p r o t o c o l a l s o produces e f f i c i e n c y of e f f o r t . 
S t u d i e s are normal ly budgeted to be run one time w i t h o u t e x t e n s i v e 
study r e s t a r t s or r e p e a t s . In a d d i t i o n to the washed personnel 
e f f o r t s from repeated s t u d i e s , submission d e a d l i n e s are o f t e n 
s e v e r e l y compromised, e i t h e r d e l a y i n g the i n t r o d u c t i o n of new 
products or r i s k i n g the cont inued r e g i s t r a t i o n of e x i s t i n g 
p r o d u c t s . A w e l l - d e s i g n e d study d e s c r i b e d i n an a c c u r a t e and 
thorough p r o t o c o l i s o f t e n the key to an e f f i c i e n t and p r o d u c t i v e 
r e s e a r c h e f f o r t . 

The p r o t o c o l i s the key i tem i n avoidance of c o n f u s i o n and 
m i s u n d e r s t a n d i n g among the v a r i o u s p a r t i e s i n v o l v e d i n a s t u d y . 
Al though t h i s i s of prime importance i n cases where two e n t i t i e s 
( e . g . , the Sponsor and a c o n t r a c t l a b o r a t o r y ) are i n v o l v e d , the 
same p o t e n t i a l f o r problems e x i s t s w i t h i n an i n t e r n a l s tudy. In 
some cases the p o t e n t i a l may be g r e a t e r w i t h an i n t e r n a l study 
because p o t e n t i a l communication d i f f i c u l t i e s are more r e a d i l y 
a n t i c i p a t e d and addresse
l a b o r a t o r y g e o g r a p h i c a l l
p r a c t i c e s that i n v o l v e the use of the study p r o t o c o l w i l l be 
d i s c u s s e d l a t e r . 

A f i n a l impact of the p r o t o c o l i s p e r t i n e n c e . I t a l l o w s f o r 
a d m i n i s t r a t i v e review to ensure that the s t u d y , as designed and 
d e s c r i b e d , p e r t a i n s to the needs a t hand; and t h a t the r e s u l t w i l l 
not only meet the s t a t e d study o b j e c t i v e but a l s o f u l f i l l 
r e g u l a t o r y agency requi rements . 

Some F a c t o r s to Consider i n the Design of the P r o t o c o l 

A w e l l designed p r o t o c o l presupposes a w e l 1 - d e s i g n e d study. I t i s 
p o s s i b l e to d e s i g n an a c c u r a t e and thorough p r o t o c o l , complete w i t h 
o b j e c t i v e , t h a t does not produce the r e q u i r e d i n f o r m a t i o n . The 
major problem i n t h i s case c o u l d be t h a t the parameters of the 
study would not c o m p l e t e l y encompass the needs o u t l i n e d i n agency 
g u i d e l i n e s . For example, a p p l i c a t i o n r a t e s f o r a f i e l d r e s i d u e 
study may not be p r o p e r l y s e l e c t e d , or d o s i n g l e v e l s or s a c r i f i c e 
i n t e r v a l s may not be proper f o r a study t h a t uses domestic or 
l a b o r a t o r y a n i m a l s . As mentioned p r e v i o u s l y , i f q u e s t i o n s e x i s t , 
the p r o t o c o l should be submitted to the a p p r o p r i a t e r e g u l a t o r y 
agency o f f i c e f o r rev iew. 

Ambigui ty- there should be no statements t h a t might r e q u i r e 
i n t e r p r e t a t i o n by the s c i e n t i f i c s t a f f d u r i n g conduct of the 
s t u d y . This a p p l i e s p a r t i c u l a r l y to those f a c t o r s where numbers 
are c r i t i c a l . Examples are dose r a t e s or a p p l i c a t i o n l e v e l s , 
s a c r i f i c e or harvest i n t e r v a l s , and r e p l i c a t i o n requi rements . The 
p r o t o c o l , however, must a l s o r e t a i n a degree of f l e x i b i l i t y i n 
those areas where exact d e f i n i t i o n i s not needed or cannot be 
determined p r o s p e c t i v e l y . S p e c i f i c a t i o n s should not be so d e t a i l e d 
t h a t there i s no a l lowance f o r e q u i v a l e n t s u b s t i t u t i o n . U s u a l l y , 
i t i s not necessary to s p e c i f y brand names; however, there may be 
times when exper ience d i c t a t e s t h a t a s p e c i f i c brand or 
manufacturer are r e q u i r e d to perform a g i v e n f u n c t i o n . In those 
c a s e s , of c o u r s e , s p e c i f i c i t y i s not only d e s i r a b l e but mandatory. 
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In d e s i g n i n g or d e v e l o p i n g the study p r o t o c o l , 1t 1s wise to 
minimize assumptions. The f a c t t h a t s i m i l a r s t u d i e s have been done 
p r e v i o u s l y should not be used as a reason f o r not c l e a r l y d e f i n i n g 
the o p e r a t i o n s to be done. I t may be necessary to r e p l a c e some 
members of the study team s h o r t l y b e f o r e i n i t i a t i o n , and t h e i r 
a b i l i t y to review and a s s i m i l a t e the necessary study d e t a i l s can be 
c r i t i c a l to s u c c e s s . 

In order to make the p r o t o c o l an e f f e c t i v e working document, 
i t i s d e s i r a b l e to keep statements as c o n c i s e and d i r e c t as 
p o s s i b l e . Avoid e x c e s s i v e v e r b i a g e . E x c e s s i v e use of d e s c r i p t i v e 
t e x t only makes i t d i f f i c u l t to q u i c k l y f i n d the answer to 
q u e s t i o n s . The a p p r o p r i a t e use of w e l l - d e f i n e d and c l e a r l y spaced 
"headers" a l l o w s s t a f f members to l o c a t e the p e r t i n e n t s e c t i o n of a 
p r o t o c o l q u i c k l y w i t h o u t the need to read many pages. Many 
headings can be c o m p l e t e l y and a c c u r a t e l y d e f i n e d by a s i n g l e word 
or s h o r t phrase w i t h o u t the need f o r a complete sentence. 

Another technique
of use of the p r o t o c o l i s to e s t a b l i s h a format and then keep the 
format as uni form as p o s s i b l e from one study to the n e x t . In t h i s 
way, members of the study team w i l l develop f a m i l i a r i t y w i t h i t and 
w i l l be a b l e to e a s i l y f i n d the a p p r o p r i a t e page or s e c t i o n of the 
p r o t o c o l f o r r e s o l u t i o n of q u e s t i o n s . An added b e n e f i t to 
m a i n t a i n i n g c o n s i s t e n t formats 1s found w i t h the people r e s p o n s i b l e 
f o r g e n e r a t i n g the documents. The time r e q u i r e d to do t h i s 
necessary p a r t of the o p e r a t i o n can be s i g n i f i c a n t l y reduced w i t h 
l e s s chance f o r e r r o r s . 

Some Recommended P r a c t i c e s 1n the Use of the Study P r o t o c o l 

One of the most u s e f u l p r a c t i c e s to e s t a b l i s h i n any f a c i l i t y i s 
the p r e - i n i t i a t i o n c o n f e r e n c e . The p r e - i n i t i a t i o n conference i s a 
f a c e - t o - f a c e meeting of a l l study team p a r t i c i p a n t s , e s s e n t i a l l y to 
do a l i n e - b y - l i n e review of the p r o t o c o l . I t i s a t t h i s time t h a t 
q u e s t i o n s or c l a r i f i c a t i o n s should be brought f o r w a r d . During the 
p r e - i n i t i a t i o n conference the study team p a r t i c i p a n t s may d i s c o v e r 
t h a t m a t e r i a l i n the p r o t o c o l i s not adequately d e f i n e d . The 
conference should be scheduled f a r enough ahead of study i n i t i a t i o n 
to a l l o w f o r p r e p a r a t i o n and d i s s e m i n a t i o n of a r e v i s e d p r o t o c o l 
before study i n i t i a t i o n . In cases where the study i s to be 
preformed by a c o n t r a c t l a b o r a t o r y , a v i s i t by the Sponsor's study 
monitor at the time of the p r e - I n i t i a t i o n conference i s h i g h l y 
d e s i r a b l e . I f t h i s i s not p o s s i b l e , the conference must be 
scheduled e a r l y enough to a l l o w Sponsor i n p u t i n t o p r o t o c o l 
m o d i f i c a t i o n . The person c h a i r i n g t h i s conference should make a 
p o i n t of n o t i f y i n g the study team of any o p e r a t i o n s t h a t are new or 
that d i f f e r from the usual study procedure. 

Another p r a c t i c e t h a t has been found to be extremely u s e f u l 
i s the c l e a r d e s i g n a t i o n of the f i n a l p r o t o c o l . Many times a d r a f t 
p r o t o c o l w i l l go through s e v e r a l minor r e v i s i o n s before i t i s 
f i n a l i z e d . This can then r e s u l t i n study team members having a 
v e r s i o n of the p r o t o c o l t h a t does not i n c o r p o r a t e a l l of the f i n a l 
changes. One way to a v o i d t h i s p o t e n t i a l problem i s to p r i n t the 
f i n a l p r o t o c o l on a s p e c i f i c - c o l o r e d paper thereby d i s t i n g u i s h i n g 
i t from e a r l i e r v e r s i o n s . Any f u r t h e r changes are then made by 
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amendments t h a t , when s i g n e d , are a l s o copied to the s p e c i f i c -
c o l o r e d paper and become an i n t e g r a l p a r t of the working document. 

As mentioned e a r l i e r , the p r o t o c o l should be r e a d i l y 
a v a i l a b l e to a l l personnel i n v o l v e d i n the study f o r p r i o r review 
and f o r use d u r i n g the a c t u a l conduct of the s t u d y . 

General Comments 
I f techniques are employed t h a t are new or n o n - r o u t i n e to some 
members of the study team, these need to be expanded on i n the 
p r o t o c o l . As s t a t e d e a r l i e r , minimize assumptions. 

Do not i n c l u d e items t h a t are r o u t i n e i f they are c l e a r l y 
d e f i n e d by I n t e r n a l Standard Operat ing Procedures (SOPs). 
Reference s h o u l d , however, be made i n the p r o t o c o l t h a t these items 
are SOP d r i v e n . Examples might be s u b j e c t s such as s a f e t y 
p r o c e d u r e s , wearing a p p a r e l , and h a n d l i n g use and d i s p o s a l of 
r a d i o i s o t o p e s . 

Do not i n c l u d e bran
s u c c e s s f u l conduct of the s t u d y . 

Avoid a s i m p l e r e g u r g i t a t i o n of agency g u i d e l i n e s . The 
g u i d e l i n e s are there f o r a s s i s t a n c e i n d e s i g n i n g a study to meet 
c e r t a i n s c i e n t i f i c r e q u i r e m e n t s . The p r o t o c o l and subsequent study 
should be designed u s i n g s c i e n t i f i c judgment a p p r o p r i a t e to the 
s p e c i f i c t e s t m a t e r i a l to be i n v e s t i g a t e d . 

Ensure t h a t the p r o t o c o l meets the requirements f o r 
compliance w i t h GLPs, and s c i e n t i f i c a l l y addresses g u i d e l i n e 
r e q u i r e m e n t s . I t 1s a l s o important to be aware t h a t i n some cases 
more r e c e n t l y p u b l i s h e d r e p o r t i n g addenda and standard e v a l u a t i o n 
procedures c o n t a i n i n f o r m a t i o n c r i t i c a l to proper study d e s i g n , and 
t h e r e f o r e , p r o t o c o l developement. I f there i s a q u e s t i o n , check 
w i t h the r e g u l a t o r y agency. 

I t can be seen that the p r o t o c o l i s much more than a document 
necessary to meet an a d m i n i s t r a t i v e requirement. Proper 
development and deployment are the keys to p r o v i d i n g a v a l i d 
s c i e n t i f i c i n v e s t i g a t i o n . Outside of a w e l l - d e s i g n e d study, there 
i s no s i n g l e document or f a c t o r that can be as c r u c i a l to the 
success of a study as the p r o t o c o l . 

Literature Cited 
1. 40 CFR 160.120. 
2. Webster's Third New International Dictionary, Babcock Gove, P. 

Ed., Merriam Webster, Inc.; Springfield, Massachusetts 1986; 
p. 1824. 

R E C E I V E D January 29, 1988 

In Good Laboratory Practices; Garner, W., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1988. 



Chapter 10 

Raw Data Definition and Documentation 

Edward J . Panek 

Agricultural Research Center, Chemicals Division, BASF Corporation, 
Research Triangle Park, NC 27709 

The current EPA Regulation
"all raw data, documentation records, protocols, 
specimens, and final reports generated as a result of 
a study shall be retained". The types and amounts of 
raw data generated in agrochemicals research are 
illustrated using a small planned field residue program 
as an example. This example is also used to illustrate 
documentation of this data using hierarchical paper 
files and relational electronic data base files. The 
archival needs for storage of this data are also given. 

This paper is concerned with the definition and documentation of 
primary raw data, or in other words, raw data directly associated 
with a study. Items such as standard operating procedures, methods, 
personnel qualifications and training records can be considered 
secondary raw data. Thus, even though these items are also 
archived, they are not considered explicitly here. But since they 
are just other examples of paper and/or electronic records, the same 
archival methods can be used. 

Most definitions of raw data concentrate on paper and/or 
electronic records. A good, concise definition is found in the 
FIFRA Good Laboratory Practice document (1): " 'Raw dataf means 
any worksheets, records, memoranda, notes, or exact copies thereof, 
that are the result of original observations and activities of a 
study and are necessary for the reconstruction and evaluation of the 
report of that study. In the event transcripts of raw data have 
been prepared (e.g., tapes which have been transcribed verbatim, 
dated, and verified accurate by signature), the exact copy or exact 
transcript may be substituted for the original source as raw data. 
'Raw data1 may include photographs, microfilm or microfiche copies, 
computer printouts, magnetic media, including dictated observations, 
and recorded data from automated instruments." 

Another major type of raw data is samples. These are mainly 
retained aliquots of test chemicals and the biological samples 
generated in field residue trials, metabolism studies, and 
environmental fate studies. The chemical samples are to be archived 
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f o r the l i f e of the r e g i s t r a t i o n or f o r as long as the q u a l i t y of 
the preparation a f f o r d s evaluation. The b i o l o g i c a l samples are 
normally retained only u n t i l the a n a l y s i s r e s u l t s are v e r i f i e d 
(audited) and/or u n t i l the known storage s t a b i l i t y i s reached. 
Nevertheless, the a r c h i v a l challenge represented by the large volume 
of these b i o l o g i c a l samples i s only s l i g h t l y diminished by t h e i r 
shorter storage time. 

The types of a r c h i v a l storage f a c i l i t i e s needed are functions of 
general a r c h i v a l needs and the types of items to be archived. 
General a r c h i v a l needs are c o n t r o l l e d access, safe and appropriate 
storage, and r e t r i e v a b i l i t y . The types of items to be archived 
include paper, f i e l d samples, t e s t chemical samples, and e l e c t r o n i c 
records. In general the f o l l o w i n g types of archive f a c i l i t i e s are 
needed: sample fre e z e r s and c o l d rooms, te s t chemical f r e e z e r s , 
f i l e cabinets and/or boxes f o r paper, and magnetic media f o r 
e l e c t r o n i c records storage

Raw Data from a Planned F i e l

The types and amounts of raw data generated w i l l be i l l u s t r a t e d by 
f o l l o w i n g a planned f i e l d crop residue program from i t s d e f i n i t i o n 
(protocol) stage to the f i n a l r e port. The archival/documentation 
needs w i l l then be s i m i l a r l y i l l u s t r a t e d . 

P r o t o c o l . The f i r s t step i s to define the program ( i . e . , write the 
p r o t o c o l ) . Key t e c h n i c a l elements to define are: 1) the crop or 
other use, 2) the use r a t e ( s ) , timings of a p p l i c a t i o n s and 
a p p l i c a t i o n techniques, 3) the t e s t chemical and i t s formulation, 
4) raw a g r i c u l t u r a l commodities to harvest and the schedule, and 
5) t e s t l o c a t i o n s . Each of these elements generates information, 
i . e . , raw data. The choices of general t e s t l o c a t i o n s and the 
harvest commodities f o r each crop are defined by USDA and US EPA 
information (2-3). 

Test Chemical. Once the t e s t chemical and i t s formulation have been 
defined, the needed amount i s prepared and packaged, the batch i s 
analyzed, and portions are shipped to the t e s t l o c a t i o n s . Retained 
samples are c o r r e c t l y stored. I f the storage s t a b i l i t y of t h i s 
formulation has not been determined, some of the r e t a i n e d samples 
are used to determine i t s storage s t a b i l i t y under t y p i c a l storage 
c o n d i t i o n s . In t h i s and subsequent data gathering steps the 
i n v e s t i g a t o r s c o l l e c t i n g the data need to be i d e n t i f i e d . 

F i e l d Locations. For each f i e l d t e s t l o c a t i o n a v a r i e t y of informa
t i o n i s c o l l e c t e d and recorded i n a d d i t i o n to the samples which are 
c o l l e c t e d . Seven general categories of information can be defined. 
Three simple ones are: 1) t e s t design or p l o t plan, 2) l o c a t i o n 
and 3) f i e l d use h i s t o r y f o r s e v e r a l years. F i e l d s o i l c h a r a c t e r i 
z a t i o n 4) includes screen a n a l y s i s ( s o i l type), pH measurement, 
and organic matter content. Weather information 5) includes d a i l y 
temperatures and r a i n f a l l and/or i r r i g a t i o n s during the t e s t . 
A p p l i c a t i o n r e l a t e d data 6) c o n s i s t s of dates, a p p l i c a t i o n modes, 
weather conditions at a p p l i c a t i o n , c a l c u l a t i o n s and c a l i b r a t i o n s . 
Harvest information 7) includes crop name, part, amount, date, and 
c o l l e c t o r . 
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F i e l d Samples. Each f i e l d sample i s packed i n an appropriate 
container and l a b e l e d . In a d d i t i o n to the harvest information 
l i s t e d above, information on the h i s t o r y of the sample (storage 
conditions and i n t e r v a l s ) near the f i e l d l o c a t i o n and on shipment 
to the laboratory i s generated. 

A n a l y s i s Information. As with each f i e l d t e s t l o c a t i o n , f o r each 
sample or set of samples a v a r i e t y of information i s a l s o generated 
i n the laboratory. This information can be grouped i n t o four 
general categories. Sample handling records 1) include r e c e i p t 
c o n d i t i o n , processing and sub-sampling, storage conditions and 
sample access information. A n a l y s i s procedure records 2) include 
the sample s i z e s , a l i q u o t i n g , d i l u t i o n s , e t c . f o r the method of 
a n a l y s i s used. These methods u s u a l l y contain e x t r a c t i o n , clean-up, 
and d e r i v a t i z a t i o n steps. The a n a l y s i s method i s applied to treated 
samples, c o n t r o l samples and method recovery samples (spiked c o n t r o l 
samples). These record
laboratory notebooks. Chromatographi
the a c t u a l analyses of the samples mentioned above, as w e l l as the 
information on i n j e c t i o n standards (standardization or c a l i b r a t i o n ) 
and the instrument l o g books. C a l c u l a t i o n information 4) shows how 
the a n a l y s i s procedure and s t a n d a r d i z a t i o n data are used with the 
chromatographic data to determine t e s t chemical (and degradation 
product) concentrations i n the harvested commodities. 

F i n a l Report. The f i n a l report summarizes a l l of the above 
information. 

Amounts of Raw Data. The types of paper and/or e l e c t r o n i c records 
generated i n t h i s example are shown i n Table I. 

Table I. Types of Records Generated 

Category Number 
Test Chemical 3 
F i e l d Location-Each 7 
F i e l d Samples-Each 2 
Analysis-Each Sample 6 

These c o n s i s t of f i e l d data sheets, sample storage records, bench 
sheets or laboratory notebooks, chromatograms, and shipping papers. 
Some of the laboratory records, i n p a r t i c u l a r , can be e l e c t r o n i c 
rather than paper. 

The amounts of each type of record generated i n a planned f i e l d 
residue program depend on the number of t e s t l o c a t i o n s and the 
number of raw a g r i c u l t u r a l commodities harvested. In a small (10 
l o c a t i o n s ) simple (2 commodities harvested) program, 40 samples 
(20 treated, 20 controls) are harvested and approximately 170 
d i r e c t records are generated. Most of these records c o n s i s t of 
m u l t i p l e pages so that approximately 400 pages (or equivalent) of 
records are created f o r t h i s program. The f o l l o w i n g equation 
dramatizes t h i s p o i n t . 
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Weight Records _ 
Weight Sample 

(It i s a c t u a l l y more true i f number i s s u b s t i t u t e d f o r weight i n the 
above equation.) 

Documentation/Archival Needs 

The previous sections i n d i c a t e d the types of items and t h e i r amounts 
generated i n each of the major steps i n a planned f i e l d residue 
program. In t h i s s e c t i o n a r c h i v a l needs r e l a t e d to these items are 
given. These are grouped by a r c h i v a l requirement. 

Archive Management. An i n d i v i d u a l must be responsible f o r the 
archives. This person c o n t r o l s access to the archives, checks items 
i n and out of the archives
records. 

C o n t r o l l e d Access. Access to the p h y s i c a l archives (e.g., f i l e 
cabinets and freezers) i s c o n t r o l l e d by locks and the archive 
management. Access to e l e c t r o n i c f i l e s i s c o n t r o l l e d by secret user 
i d e n t i f i c a t i o n (ID) numbers. Well designed e l e c t r o n i c data storage 
software records or stores the ID number of any user that enters or 
changes data and when that entry or change occurred. 

Storage Conditions. Storage conditions are designed to minimize 
d e t e r i o r a t i o n of the archive contents. Since the contents d i f f e r 
g r e a t l y , so must the optimum storage c o n d i t i o n s . Chemical samples 
are t y p i c a l l y archived i n f r e e z e r s . B i o l o g i c a l samples are stored 
i n c old rooms or f r e e z e r s . Paper or m i c r o f i l m records are stored 
i n c o o l areas where the chances f o r f i r e and l i g h t caused damage are 
minimized. E l e c t r o n i c media are stored under the above conditions 
i n the absense of strong e l e c t r i c a l or magnetic f i e l d s . Magnetic 
tapes need to be backed-up (remade) p e r i o d i c a l l y . 

R e t r i e v a l Methods. The magnitude of records created i n our small 
example program c l e a r l y e s t a b l i s h e s that the heart of any documenta
t i o n or a r c h i v a l system i s the systematic r e t r i e v a l of s p e c i f i c 
items. This i s one of the strengths of e l e c t r o n i c data systems. 
Thus the key information on our paper records i s als o contained i n 
e l e c t r o n i c f i l e s . 

These cross-referenced numbers are the key to the e l e c t r o n i c 
r e l a t i o n a l data bases. Key f i e l d data and sample storage data are 
entered i n t o l o c a t i o n and sample number f i l e s i n QUIZ Software (4). 
Laboratory a n a l y s i s information i s contained i n f i l e s generated 
using Perkin-Elmer Laboratory Information Management System (LIMS) 
and Chromatographic Laboratory A n a l y s i s System (CLAS) software. 
Both of these systems have magnetic tape back-ups f o r the hard d i s k s . 

The h i e r a r c h i c a l paper data f i l e i s organized i n the same way 
the planned f i e l d residue t r i a l example was developed. The p r o t o c o l 
and f i n a l report are followed by t e s t chemical information, t e s t 
l o c a t i o n information, a p p l i c a t i o n and harvest information, shipping 
and storage data, and a n a l y s i s data. The a n a l y s i s data i s grouped 
by bench sheet to a s s i s t manual searches. 
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Conclusions 

The types and amounts of raw data generated i n agrochemicals 
research were i l l u s t r a t e d by using a small planned f i e l d residue 
t r i a l as an example. The large amount of raw data generated i n t h i s 
small example i n d i c a t e s how throughly both the study and the 
a r c h i v a l storage must be planned. The d i v e r s i t y of materials to be 
archived also contributes to the complexity of the a r c h i v a l needs. 
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Chapter 11 

Computer Systems Validation 
How To Get Started 

Ronald C. Branning 

Boehringer Ingelheim Pharmaceuticals  90 East Ridge
P.O. Bo

The proliferation of computers in the production of 
pharmaceuticals resulted in the U.S. Food and Drug 
Administration (FDA) publishing the "Guide to 
Inspection of Computerized Systems in Drug Processing" 
in 1983. FDA Inspectors have been using this 
guideline for the past three years to cite firms for 
their failure to validate their computer systems. 
Other U.S. regulatory agencies are now asking for 
validation of computer systems in chemical, R&D, and 
clinical inspections. This presentation will briefly 
review the U.S. regulatory posture and industry 
response concerning computer systems validation and 
will review in detail a practical step-by-step 
approach to identifying, classifying, validating, and 
documenting computer systems. 

Computers are involved in virtually every facet of modern lif e . 
Their application to the production of pharmaceuticals prompted the 
Food and Drug Administration to publish the "Guide to Inspection of 
Computerized Systems in Drug Processing", The Blue Book, in 1983. 
The Pharmaceutical Manufacturers Association's Computer Systems 
Validation Committee answered the FDA's document with "Validation 
Concepts for Computer Systems Used in the Manufacture of Drug 
Products" in 1985. Several authoritative papers have also addressed 
this subject; they are listed in the references at the end of this 
article. The purpose of this paper is to outline a practical 
approach to implementing the recommendations from these sources. 
Although this approach was developed for use in GMP regulated 
pharmaceutical firms, it will work regardless of the compliance 
guidelines being used. The formation of the management team, the 
identification of "validatable" computer systems, the definition of 
documentation requirements, and the development of validation 
protocols are the key points covered in this article. 

Reprinted with permission 
© 1987 International Society of Pharmaceutical Engineers 
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Computer systems v a l i d a t i o n i s not a new, magic formula. The 
techniques are the same ones used i n any s t r u c t u r e d approach to 
p r o j e c t management. Unfortunately, when "the word "computer" i s used 
i n conjunction with a t o p i c , i t suddenly becomes shrouded i n a v e i l 
of mystery. You can l i f t t h i s v e i l over computer systems v a l i d a t i o n 
by f o l l o w i n g these steps, one at a time. 

I n i t i a t i o n of Computer Systems V a l i d a t i o n 

The f i r s t step i s f o r someone i n management to recognize the need 
f o r computer systems v a l i d a t i o n and to gather the other management 
expe r t i s e necessary to address the issue. This person i s u s u a l l y 
someone i n the Q u a l i t y Assurance Uni t (QAU) or the computer 
operations, Management Information Systems - MIS, group. While 
these two departments need to be involved, computer systems users 
such as laboratory leaders
department managers nee
computer systems v a l i d a t i o n plan. 

Steering Committee. Although committees have a r e p u t a t i o n f o r being 
i n e f f i c i e n t , a properly s t r u c t u r e d committee approach may be the 
most e f f e c t i v e and e f f i c i e n t way to approach the r e l a t i v e l y complex 
process of computer systems v a l i d a t i o n . The complexity stems from 
the n e c e s s i t y f o r a m u l t i d i s c i p l i n a r y approach to v a l i d a t i o n not 
j u s t from the f a c t that computers are involved. The chairmanship of 
the core group should be from e i t h e r MIS or QAU since MIS i s the 
most involved i n the t e c h n i c a l aspects of v a l i d a t i o n and QAU i s the 
main reg u l a t o r y contact concerning v a l i d a t i o n . The s t e e r i n g 
committee i n t h i s scenario represents the policy-making board. The 
computer systems v a l i d a t i o n p o l i c y , resource a l l o c a t i o n , and f i n a l 
v a l i d a t i o n approvals are the r e s p o n s i b i l i t i e s of t h i s group. The 
committee should be formed at the d i r e c t o r l e v e l so that d i r e c t i o n 
can be determined, necessary resources a l l o c a t e d and f i n a l d e c i s i o n s 
made. Unfortunately, t h i s l e v e l i s u s u a l l y too f a r removed from the 
a c t u a l systems being v a l i d a t e d , therefore an operating committee 
should be formed. 

Operating Committee. A working committee at the manager or l e v e l 
w i t h i n each def i n a b l e and l o g i c a l business group i s needed to 
develop the SOP(s), write and review the p r o t o c o l s , keep the 
v a l i d a t i o n p r o j e c t s on track, make the day-to-day d e c i s i o n s 
regarding i n d i v i d u a l system v a l i d a t i o n problems, and r a i s e the 
unresolved p o l i c y issues to the s t e e r i n g committee. Once again, the 
chairmanship of the operating committee should be from e i t h e r MIS or 
QAU, m i r r o r i n g the s t e e r i n g committee. The membership of the 
operating committee should be kept to a minimum with adjunct 
membership of user representatives as needed. In small operations, 
both of these committees' functions can be handled by one group or 
even one person wearing se v e r a l hats. 

In Good Laboratory Practices; Garner, W., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1988. 



68 GOOD LABORATORY PRACTICES 

Responsible Users. The a c t u a l work of f o l l o w i n g the SOP's, 
developing the pr o t o c o l s , executing the t e s t plan and summarizing 
the data i s done by "responsible users". Responsible users are the 
manager/supervisor l e v e l people who have c o n t r o l of the computer 
operations. In t h i s scenario the responsible user i s the p r o j e c t 
manager r e p o r t i n g to the operating committee; computer operations 
(MIS) i s the t e c h n i c a l support to the responsible user i n the 
v a l i d a t i o n e f f o r t with back up from the operating committee. 

Documentation 

The primary tasks of the operating committee are to develop an 
operating procedure (SOP) and a v a l i d a t i o n p r o t o c o l o u t l i n e . The 
SOP should be the "what to do"; the p r o t o c o l the "how to do i t " 
i n c l u d i n g a l i s t i n g of re q u i r e d documentation. 

SOP 

Wr i t i n g an SOP i s u s u a l l y a task f o r one person working with a group 
of advisors. In t h i s case, one member of the operating committee 
should be assigned the task with support from the other committee 
members. 

Objective and Scope. The o b j e c t i v e and scope of the SOP need to be 
c a r e f u l l y thought through and described. A l i m i t e d o b j e c t i v e could 
be to v a l i d a t e only those computer systems d i r e c t l y r e l a t e d to the 
production of pharmaceuticals; the broadest one would be to v a l i d a t e 
a l l computer systems regardless of t h e i r a p p l i c a t i o n . U s u a l l y i t i s 
somewhere between the two. The scope w i l l be determined by the 
company philosophy, o r g a n i z a t i o n a l s t r u c t u r e and the number of 
d i v i s i o n s , p l a n ts or departments involved. The scope should be 
l i m i t e d to as small a u n i t as p o s s i b l e f o r the i n i t i a l v a l i d a t i o n 
e f f o r t i n order to achieve at l e a s t one s u c c e s s f u l computer system 
v a l i d a t i o n q u i c k l y . 

D e f i n i t i o n s . Each business group w i l l have a set of worKing 
words and d e f i n i t i o n s to describe computer systems and t h e i r 
operations and functions w i t h i n the group. These should be 
l i s t e d and c l e a r l y defined i n the SOP. The key d e f i n i t i o n 
needed i s f o r a computer system r e q u i r i n g v a l i d a t i o n ; a 
" v a l i d a t a b l e system". The p r a c t i c a l determination of 
v a l i d a t a b l e systems i n day-to-day operations i s the 
r e s p o n s i b i l i t y of the operating committee. 

Computer System V a l i d a t i o n Management. The type of committees, 
the d e f i n i t i o n of p r o j e c t managers (responsible u s e r s ) , and 
t h e i r r e s p e c t i v e duties should be described i n d e t a i l . 

V a l i d a t i o n Requirements. The SOP should a l s o describe the 
steps and r e s p o n s i b i l i t i e s i n the v a l i d a t i o n process. These 
items can be incorporated i n the v a l i d a t i o n p r o t o c o l to ensure 
compliance to the SOP and to ensure a complete documentation 
package at the end of the process. 
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Validation Protocol 

The easiest way to have consistency in the development of 
validation protocols is to outline the requirements as a 
checklist or a " f i l l in the blanks" document. 

Documentation. Since the validation protocol is documentation 
intensive, existing documents, reports, vendor manuals, etc. 
should be used. The development of the protocol and the 
methodology used for validation should f i t the existing 
management/committee structure whenever possible. Computer 
systems validation should not create a new documentation 
structure but rather pull together the necessary information 
for documentation and testing from that which already exists. 

Responsible People. The f i r s t part should l i s t the computer 
system and the person responsibl
for example, the departmen
responsible user. The other people responsible for the review, 
implementation, and approval of the protocol should also be 
liste d . 

Basis of Design. A Basis of Design/Basis of Operation section 
should be included that can be used for both new and existing 
systems. For new systems, this section w i l l provide c l a r i t y 
for purchase specifications. For an existing system i t w i l l 
document information that probably does not exist elsewhere. 
The main components of this section should include a narrative 
description of what the computer system is intended to do, a 
l i s t i n g of requirements, the normal operating parameters 
(current memory requirements, number of ports currently used, 
etc.) and the absolute limits (maximum memory capacity, maximum 
number of ports, etc.). It may also be helpful to identify 
what the computer is not ^intended to do; this can prevent the 
system from being overloaded or misused. 

System Description. The exact system that is either currently 
in operation or one that w i l l be installed should be described. 
The hardware and a l l peripherals should be l i s t e d along with 
the applicable version of the operating software. The protocol 
should make provision for the documentation that both of these 
are c e r t i f i e d at installation by the vendor using standard 
diagnostic programs. Applications software needs to be 
carefully documented and tested (verified) before i t can be 
loaded into the operating hardware for operational testing and 
validation. The essential requirement for confidence in the 
software verification process is assured by the meticulous 
documentation of the specifications, planning, programming, 
testing, debugging and fi n a l "test data" verifying testing 
steps. Once the hardware/software information is collected, 
then a l l of the other pertinent data concerning the interaction 
with peripherals, equipment and instruments can be developed. 
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I f a system i s used f o r m a t e r i a l c o n t r o l , the materials should 
be adequately described (raw materials, package components, 
work i n process and/or f i n i s h e d products) along with the 
methodology f o r switching to back up manual c o n t r o l . 

Hardware/Software. Diagrams of the hardware and 
hardware/software i n t e r a c t i o n s are necessary f o r t e s t p l a n 
development and a u d i t i n g of the v a l i d a t i o n process. Unless 
your e x i s t i n g system i s extremely w e l l - c o n t r o l l e d and 
documented, these diagrams w i l l probably be the f i r s t complete 
i d e n t i f i c a t i o n of hardware/ software i n t e r a c t i o n s . 

Computer Room. Computer rooms are u s u a l l y constructed 
according to standard requirements of the major computer 
manufacturers. The d e t a i l s of the p a r t i c u l a r s p e c i f i c a t i o n s 
f o r the computer room shoul
con d i t i o n s (temperature
frequency i n t e r f e r e n c e ) . Consideration should be given to the 
d i f f e r e n c e s i n requirements f o r large computer rooms with 
m u l t i p l e systems and f o r systems i n laboratory areas. Each 
system should have a set of operating manuals and h i s t o r i c a l 
logs f o r : 1) hardware, 2) software, 3) c r i t i c a l events, 4) 
back-ups, and 5) maintenance/downtime. These logs should be 
maintained f o r p e r i o d i c review and as an a i d to change c o n t r o l . 
Appropriate c o n s i d e r a t i o n should also be given to computer room 
s e c u r i t y . 

Customer Acceptance. A new system i n s t a l l a t i o n and customer 
acceptance should be formally documented. Any changes to the 
system from the o r i g i n a l s p e c i f i c a t i o n s should be noted and a l l 
r e l a t e d documentation, i n c l u d i n g diagrams, should be updated. 
E x i s t i n g systems should be documented as they c u r r e n t l y are 
i n s t a l l e d . 

SOP's. SOP's are necessary f o r a l l aspects of the operation, 
maintenance, and change c o n t r o l of each system. They should be 
coordinated between the various departments to be sure a l l 
a c t i v i t i e s are covered. A g r i d of a c t i v i t i e s versus SOP's and 
resp o n s i b l e departments incorporated i n the p r o t o c o l i s an 
e f f e c t i v e doublecheck on procedures. 

T r a i n i n g . The system operators and users need to be t r a i n e d . 
The responsible user should develop a t r a i n i n g program i n 
conjunction with the operating committee and the 
hardware/software s u p p l i e r s , i d e n t i f y the operators/users and 
t r a i n them. This t r a i n i n g should be documented i n the form of 
a c e r t i f i c a t e f o r the i n d i v i d u a l and a t r a i n i n g status l o g f o r 
the system. A l l future t r a i n i n g and system access must be 
ap p r o p r i a t e l y authorized and documented since t h i s i s the 
cornerstone of i n t e r n a l system s e c u r i t y and data i n t e g r i t y . 
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Operational T e s t i n g . The computer system should be 
o p e r a t i o n a l l y t e s t e d by the operators/users. Operational 
t e s t i n g i s the exercise of the v e r i f i e d a p p l i c a t i o n s software 
i n the c e r t i f i e d hardware/operations software system using t e s t 
or simulated data. This can be accomplished i n conjunction 
with the documentation of the o p e r a t i o n a l q u a l i f i c a t i o n of the 
hardware/operating software and/or during the v a l i d a t i o n 
t e s t i n g . 

V a l i d a t i o n T e s t i n g . V a l i d a t i o n t e s t i n g i s the e x e r c i s e of the 
v e r i f i e d a p p l i c a t i o n s software i n a c e r t i f i e d 
hardware/operations software computer system using a c t u a l data 
i n a simulated mode or on l i n e concurrent t e s t i n g with r e a l 
time data. The requirements l i s t e d i n the b a s i s of 
design/basis of operation p a r t of the p r o t o c o l are the 
foundation f o r development f th  t e s t plan  Th  t e s t p la
need not be a b s o l u t e l y p e r f e c t
experimental study. I
f i g u r e out how to f i x i t . The software v e r i f i c a t i o n process 
should have eliminated the bugs but a l l p o s s i b l e circumstances 
can not be foreseen. I f the t e s t p lan i s not complete, the 
problems and s o l u t i o n s can be described i n the summary report; 
o r , i f they are serious problems, the s o l u t i o n s can be 
incorporated i n a new v a l i d a t i o n t e s t plan. 

Test Reports. The e s s e n t i a l data f o r the t e s t reports that 
should be developed p r i o r to t e s t i n g are the 
system/module/subsystem being tested; the t e s t s to be 
conducted; t e s t references ( i f there are no l i t e r a t u r e 
references, the committee members responsible f o r the t e s t 
design should be c r e d i t e d ) ; t e s t methodology, and acceptance 
c r i t e r i a . 

C a l i b r a t i o n . P r i o r to the i n i t i a t i o n of t e s t i n g , a l l 
equipment, instruments and interconnects should be c a l i b r a t e d . 

T e s t i n g . T e s t i n g should be c a r r i e d out according to the 
v a l i d a t i o n t e s t i n g plan during r e a l i s t i c operating c o n d i t i o n s . 

P r o t o c o l Summary. A summary of the p r o t o c o l documentation . 
i n c l u d i n g an a n a l y s i s of the t e s t r e s u l t s , the compliance audit 
of the system, and any system modi f i c a t i o n s should be submitted 
to the computer systems v a l i d a t i o n committee f o r t h e i r review 
and approval. I t i s recommended that the system not be used 
u n t i l f i n a l v a l i d a t i o n approval i s r e c e i v e d from the committee. 

Audit Report. A report of an independent audit of the computer 
v a l i d a t i o n process by an i n t e r n a l auditor ( i . e . Q u a l i t y 
Assurance) should be included with the summary report to 
management. The audit should compare the SOP and the i n i t i a l 
p a r ts of the p r o t o c o l (what the system should do) with the t e s t 
p l a n r e s u l t s (what the system a c t u a l l y does) and the summary 
report conclusions. 
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Permanent F i l e . The o r i g i n a l v a l i d a t i o n documentation should 
be maintained by QAU since they are the regulatory contact 
concerning v a l i d a t i o n . 

I d e n t i f y i n g , Categorizing, and P r i o r i t i z i n g Computer Systems 

The SOP and the p r o t o c o l are the foundation of the v a l i d a t i o n 
process. The next step i s to i d e n t i f y a l l the e x i s t i n g 
computer systems. One means of accomplishing t h i s task i s to 
send a survey form to a l l managers requesting information about 
computers used i n t h e i r departments. Once t h i s i n i t i a l data i s 
c o l l e c t e d and analyzed, i t i s prudent to walk the b u i l d i n g s , 
room by room, b l u e p r i n t i n hand, to v e r i f y the information. 
When you are s a t i s f i e d that you have an accurate l i s t i n g of 
computers, the operating committee needs to categorize them 
i n t o those r e q u i r i n g v a l i d a t i o  ( v a l i d a t a b l e ) d thos t 
r e q u i r i n g v a l i d a t i o n ( non-validatable)
the committee w i l l hav
the production of pharmaceuticals and the manual back-ups to 
the computer systems; i s the computer an "'electronic f i l e 
c abinet" used to store information f o r easy reference or i s i t 
used as the sole c o n t r o l of equipment, instruments and 
material? Now that the d e c i s i o n concerning the v a l i d a t i o n 
status has been made, a process of p r i o r i t i z a t i o n and resource 
a l l o c a t i o n begins. The best approach i s to s e l e c t a small, 
e a s i l y documented and teste d e x i s t i n g system. Choosing t h i s 
type of system produces quick r e s u l t s and i d e n t i f i e s problems 
i n the administrative/mechanical part of the v a l i d a t i o n 
process. Once you i r o n out the d i f f i c u l t i e s with the f i r s t 
system, a l l the others w i l l not be as d i f f i c u l t to v a l i d a t e . 

Risk A n a l y s i s 

A Risk A n a l y s i s should be f i l l e d out f o r a l l systems to a i d i n 
the determination of " v a l i d a t a b l e " systems and a l s o to 
h i g h l i g h t the c r i t i c a l p oints f o r v a l i d a t i o n t e s t i n g . 

P r o j e c t Tracking 

A l l p r o j e c t s have a l i f e of t h e i r own and each person has a 
d i f f e r e n t methodology and timing f o r g e t t i n g the job done. 
Success i n computer systems v a l i d a t i o n w i l l depend on the 
operating committee's a b i l i t y to keep the process moving. One 
means of p r o j e c t c o n t r o l i s a t r a c k i n g format that i d e n t i f i e s 
the key steps i n the v a l i d a t i o n process and the a n t i c i p a t e d and 
a c t u a l completion dates. 

This mechanism developed by the operating committee and 
f i l l e d out by the responsible user f o r a l l computer systems 
should be based on a standard o u t l i n e of milestones, with 
a d d i t i o n a l key points customized to the p a r t i c u l a r type of 
computer system being v a l i d a t e d . This i s an o u t l i n e of t y p i c a l 
milestone dates: 1) submission of a v a l i d a t i o n assessment 
form; 2) committee review of the systems' need f o r v a l i d a t i o n ; 
3) development of the f i r s t d r a f t p r o t o c o l ; 4) committee 
review of the d r a f t protocol. (Note: steps 3 and 4 w i l l be 
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repeated u n t i l the p r o t o c o l i s approved but a l i m i t should be 
set f o r the number of reviews. I f necessary, a review meeting 
should be h e l d to f i n a l i z e the p r o t o c o l ) ; 5) pre p a r a t i o n of 
t r a i n i n g manuals; 6) schedule of user t r a i n i n g ; 
7) c a l i b r a t i o n of equipment/instruments p r i o r to v a l i d a t i o n 
t e s t i n g ; 8) v a l i d a t i o n t e s t i n g schedule; 9) review of t e s t 
data and write summary report; 10) Q u a l i t y Assurance audit of 
v a l i d a t i o n process/documentation; 11) summary report review/ 
s i g n - o f f of v a l i d a t e d system; 12) system use i n operations. 

Change Control 

Changes i n the computer system w i l l i n e v i t a b l y take place from 
the time the system i s s p e c i f i e d u n t i l i t i s i n s t a l l e d , 
v a l i d a t e d and used i n operations. These changes w i l l u s u a l l y 
be captured i n the v a l i d a t i o  documentation  Change  a f t e
v a l i d a t i o n can a l t e r th
the o r i g i n a l v a l i d a t i o
c o n t r o l need to be designed to keep a computer system operating 
i n a continuing s t a t e of c o n t r o l . 

P e r i o d i c Review 

The change c o n t r o l documentation f o r each computer system 
should be reviewed p e r i o d i c a l l y to ensure that no major change 
nor a number of smaller changes have a l t e r e d the f u n c t i o n or 
c a p a b i l i t y of the system. A good r u l e of thumb on timing i s 
not more than a year between reviews. 

R e v a l i d a t i o n 

The FDA does not recognize the term r e v a l i d a t i o n . In t h e i r 
l e x i c o n , the p r o t o c o l t e s t i n g f o r any system i s v a l i d a t i o n 
whether or not a system has been p r e v i o u s l y v a l i d a t e d . 
Industry uses the term to define the continuing v a l i d a t i o n 
t e s t i n g of a p r e v i o u s l y v a l i d a t e d system. 

Summary 

These are the e s s e n t i a l steps i n computer systems v a l i d a t i o n : 

1. Recognition of the need f o r computer systems v a l i d a t i o n by 
management. 

2. Formation of appropriate management committee(s). 
3. W r i t i n g a procedure (SOP) f o r computer systems v a l i d a t i o n 

- what needs to be done. 
4 . Development of a working p r o t o c o l o u t l i n e - how to do i t . 
5. I d e n t i f i c a t i o n of a l l the firm's computer systems. 
6. Designating "responsible users" f o r a l l computer systems. 
7. Determining which systems w i l l be v a l i d a t e d . 
8. Drawing up a schedule f o r v a l i d a t i n g the computer systems 

on a p r i o r i t y b a s i s . 
9. I n i t i a t i n g the process by concentrating on only one 

computer system. 
10. Annual reviews of the computer systems. 
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11. Stee r i n g Committee/Operating Committee monitoring of the 
adm i n i s t r a t i v e process f o r computer systems v a l i d a t i o n . 

The v a l i d a t i o n of computer systems i s an exercise i n p r o j e c t 
management. The f a c t that computers are involved does not mean 
that the approach w i l l be s i g n i f i c a n t l y d i f f e r e n t . I t does 
mean that the responsible users w i l l be the f o c a l p oint of 
computer systems v a l i d a t i o n ; they w i l l have to assume the 
r e s p o n s i b i l i t y f o r v a l i d a t i o n of the computer systems they use 
j u s t as they are responsible f o r a l l other compliance aspects 
of t h e i r operation. MIS w i l l play a key r o l e since t h e i r 
computer expertise and i n t e r f a c e with the s u p p l i e r s i s requir e d 
throughout the process. 
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Chapter 12 

Inspections and Final Report Audits 
for Environmental Studies 

Patricia D. Royal 

Battelle Ocean Sciences, 397 Washington Street, 

Enactment of the Good Laboratory Practices (GLP) regulation by the 
U.S. government was a direct result of an investigation conducted 
in 1975 by the U.S. Food and Drug Administration (FDA). That 
investigation evaluated the integrity of health assessment studies 
used to support registration of food additives, drugs and cosmetics 
under the Food, Drug and Cosmetic Act (FDCA). The conclusion of 
this investigation revealed flawed study conduct, inaccurate 
reporting, and inadequate data integrity. The FDA then implemented 
regulations affecting study conduct and data collection and 
retention. These regulations govern reporting requirements for 
health assessment studies used to support registration under FDCA 
and are commonly referred to as the GLPs (1). 

Shortly thereafter, the U.S. Environmental Protection Agency 
(EPA) developed similar requirements under the Federal Insecticide, 
Fungicide, Rodenticide Act (FIFRA) and the Toxic Substances Control 
Act (TSCA) (2) (3). Together, these three regulations control the 
conduct and reporting requirements for all industrial safety 
assessment studies used to support registration of chemicals, 
pesticides, food additives, and drugs by EPA and FDA. Although 
environmental and chemical fate studies were included in the 
original TSCA/GLP, they were not specifically identified in 
FIFRA/GLPs. This inconsistency slowed the development and 
implementation of compliance programs by EPA to evaluate ecotox 
and the analytical chemistry associated with environmental studies. 
EPA is now proposing to fill that gap by redefining the scope of 
existing FIFRA/GLPs to include environmental and chemical fate 
studies. 

Impact and Implementation 

Expanding the scope of FIFRA/GLP to include environmental and 
chemical fate studies will take time. It will mean that studies 
described by EPA Hazard Evaluation Division, Office of Pesticide 
and Toxic Substances, for Environmental Fate and Residue Chemistry 
must meet the requirements outlined in the FIFRA/GLPs, and that 
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l a b o r a t o r i e s and f i e l d operations conducting these studies w i l l be 
monitored by the EPA O f f i c e of Compliance Monitoring. 

I t i s always valuable when implementing a new program to assess 
the impact of the program on the operations and the people involved. 
One of the concerns voiced by s c i e n t i s t s has been that GLPs i n t e r f e r e 
with the advancement of science. This i s e s p e c i a l l y true i n f i e l d 
t e s t i n g programs and i n a n a l y t i c a l chemistry l a b o r a t o r i e s where 
experimental procedural development of t e n takes place. 
Implementation of the GLPs i n t o these programs w i l l not d i c t a t e 
s c i e n t i f i c procedure, but w i l l r equire p u t t i n g s c i e n t i f i c procedure 
i n w r i t i n g , and w i l l r e q u i r e documentation to trace the progress of 
the study. 

Implementation at the t e s t i n g s i t e w i l l mean developing SOPs 
fo r a p p l i c a t i o n of t e s t substance, randomization, l o c a t i o n , 
i d e n t i f i c a t i o n , and c o l l e c t i o n of samples, and e s t a b l i s h i n g sample 
custody procedures to ensure sample i n t e g r i t y while i n transport to 
the laboratory. 

In the laboratory
and the f a c i l i t y must be of adequate s i z e to maintain the i d e n t i t y , 
s t o r e , and analyze a v a r i e t y of samples. A d d i t i o n a l a r c h i v a l space 
w i l l be needed to provide storage for a n a l y t i c a l samples, s o i l and 
plant specimens. There must be procedures f o r documentation of 
sample i d e n t i f i c a t i o n and r e c e i p t from the f i e l d to v e r i f y sample 
custody procedures, proper sample storage and waste d i s p o s a l . The 
laboratory must have v a l i d a t e d procedures f o r the type of chemical 
a n a l y s i s being conducted. Likewise, there must be documentation of 
the t r a i n i n g and a n a l y t i c a l p r o f i c i e n c y of the s t a f f . Standard 
Operating Procedures (SOPs) must be w r i t t e n to describe the 
a n a l y t i c a l methods used, and the maintenance and c a l i b r a t i o n of 
equipment. Pr o t o c o l s or work plans must be e s t a b l i s h e d to s p e c i f y 
the o b j e c t i v e of the study, personnel involved, equipment, and 
methods, i n c l u d i n g c r i t e r i a f o r accepting or r e j e c t i n g data and the 
frequency f o r running standards, spikes, and blanks, commonly known 
as Q u a l i t y C o n t r o l (QC) standards. A p p l i c a b l e methods f o r developing 
these programs can be found i n 40 CFR, 136, and Q u a l i t y Control i n 
A n a l y t i c a l Chemistry, by Kateman et a l . (4)(5). 

The term Q u a l i t y Assurance i s often confused with Q u a l i t y 
C o n t r o l . Q u a l i t y Assurance i s a program e s t a b l i s h e d to monitor 
study conduct and r e p o r t i n g to ensure that they meet both e x t e r n a l 
and i n t e r n a l standards. In t h i s regard, i t i s a management t o o l . 
Q u a l i t y Control (QC), on the other hand, i s the c r i t e r i o n or 
i n t e r n a l numerical standard on which the a c c e p t a b i l i t y of data i s 
judged. By i d e n t i f y i n g some of the unique needs f o r v e r i f y i n g 
conformance to standards i n these s t u d i e s , i n t e g r a t i o n of the GLPs 
into chemical f a t e and environmental studies w i l l be e a s i e r . This 
brings us to another impact of t h i s new r e g u l a t i o n , the development 
of a Q u a l i t y Assurance Unit (QAU) to monitor these s t u d i e s . 

The Q u a l i t y Assurance Unit 

The GLPs require the laboratory to e s t a b l i s h an independent QAU to 
monitor study conduct and audit the f i n a l report. This requirement 
i s needed to assure management and the government that the study i s 
being conducted according to the GLP r e g u l a t i o n s and that the 
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reported r e s u l t s accurately portray data c o l l e c t e d f o r that study. 
Expanding e x i s t i n g r e g u l a t i o n s w i l l r e q uire the formation of 
s p e c i a l i z e d Q u a l i t y Assurance Units that can address the unique 
needs of environmental and chemical f a t e s t u d i e s , and implement a 
program to monitor these s t u d i e s . The purpose of the QAU i s to 
ensure study i n t e g r i t y by monitoring these studies from the 
a p p l i c a t i o n of t e s t substance, through c o l l e c t i o n of specimens or 
samples, to the chemical a n a l y s i s , and to ensure the accuracy of 
data i n the f i n a l r e port. 

The GLPs also s t a t e that the QAU must inspect each c r i t i c a l 
phase of the study. In conducting inspections to assess the 
a n a l y t i c a l chemistry phase of these s t u d i e s , i t i s important f o r the 
QAU to i d e n t i f y how that phase f i t s i n t o the o v e r a l l study plan. 
This knowledge d i r e c t s the i n s p e c t i o n by determining what to look 
f o r and where to look. Basic questions that any QAU should ask i n 
planning an e f f e c t i v e i n s p e c t i o  give  i  Tabl  I

Table I. Planning an E f f e c t i v e Inspection 

• Is t h i s the beginning, middle, or end of the project? 
• Is the purpose of the study to detect or to measure 

( q u a l i t a t i v e vs. q u a n t i t a t i v e a n a l y s i s ) ? 
• What types of analyses are being conducted? 

• What type of equipment i s s p e c i f i e d i n the p r o t o c o l or SOP? 
• What are the c a l i b r a t i o n or QC requirements, i n c l u d i n g frequency, 

recovery, and c o n t r o l l i m i t s ? 
• What are the detec t i o n l i m i t s f o r the various analyses? 

• What procedures are used to ensure sample custody and sample 
i d e n t i f i c a t i o n ? 

• Who i s responsible f o r conducting the analyses and what i s h i s 
or her t r a i n i n g ? 

• Where are the SOPs kept and are they a c c e s s i b l e to the s t a f f 
at a l l times? 

• Where are samples received and stored? 

• Where are the data stored? 

When conducting an assessment of an outside laboratory, the 
adequacy of the laboratory's QAU and i t s r e l a t i o n s h i p to management 
should be determined i n a d d i t i o n to assessing the laboratory 
operations. Questions d i r e c t e d toward evaluating the QAU might 
include those i n Table I I . I t i s often h e l p f u l f o r the QAU to make 
up a c h e c k l i s t ; however, the l i s t should be f l e x i b l e and open-ended 
so that i t can incorporate unanticipated events. 
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Table I I . Evaluation of Laboratory Q u a l i t y Assurance Unit 

• Is there an independent QAU on s i t e ? 
• To whom does the QAU report? 
• What i s the background of the QAU s t a f f , and i s the s t a f f 

adequate to cover the amount and type of work being conducted? 

• How does the QAU handle the Master Schedule? (A schedule 
required by the government s p e c i f y i n g each study by chemical, 
type, and dates of conduct.) 

• Does the QAU have SOPs d e s c r i b i n g i n s p e c t i o n and a u d i t i n g 
procedures? 

On entering the laboratory  there are seve r a l r u l e s of conduct 
f o r inspectors that w i l l
e v a l u a t i o n . Some Rules o
ness of procedures used by inspectors w i l l help the a n a l y t i c a l 
chemist to a n t i c i p a t e questions that might be asked by the inspe c t o r . 

Table I I I . Rules of Conduct f o r Inspections 

• As the inspector, you are there to observe and not to i n t e r f e r e 
or i n t i m i d a t e . 

• Never i n t e r r u p t a t e c h n i c i a n conducting a d e l i c a t e procedure 
with a question that can wait u n t i l the procedure i s complete. 

• Be observant f o r the unexpected, e i t h e r good or bad. 
• Never assume; ask f o r the SOP, and check i t to be sure that i t 

i s the same copy that i s i n the QAU. Follow the procedure i n 
the SOP as i t i s being conducted. 

• Review maintenance and c a l i b r a t i o n of equipment, p l a c i n g s p e c i a l 
emphasis on QC acceptance c r i t e r i a . This can be accomplished 
by reviewing c o n t r o l charts, percent recovery, p a r a l l e l t e s t i n g 
of new standards, and maintenance logs . 

• Review the documentation of t r a i n i n g f o r the s t a f f . This can 
be done by reviewing curriculum v i t a e , job d e s c r i p t i o n s , 
p r o f i c i e n c y t e s t i n g records, education, and in-house t r a i n i n g . 

When conducting an i n s p e c t i o n , s e v e r a l target areas must be 
evaluated. Control l i m i t s or "cha r t s " are h e l p f u l and should be 
est a b l i s h e d by p l o t t i n g the defined l i m i t s of acceptable q u a l i t y 
c o n t r o l . These charts are important t o o l s f o r assessing laboratory 
p r e c i s i o n , accuracy, and r e p r o d u c i b i l i t y . They can be based on a 
curve e s t a b l i s h e d from the high, mid, and low concentrations of a 
standard analyte. E i t h e r the mid l e v e l or the average of the three 
concentrations then becomes the mid-line f o r the c o n t r o l chart. 
Acceptable l e v e l s of f l u c t u a t i o n f o r routine m i d - l e v e l standards, 
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spikes, and blanks can then be i d e n t i f i e d and drawn onto the chart. 
Control charts can a l s o monitor percent recovery and r e p r o d u c i b i l i t y 
or p r e c i s i o n . The frequency suggested by the N a t i o n a l Bureau of 
Standards f o r c o n t r o l , mid-level standards, blanks, and spike runs 
should equal about 5-10 percent of the sample load (6). Posted 
c o n t r o l charts maintained d a i l y can give s u b s t a n t i a l information, 
i n c l u d i n g the f o l l o w i n g : 

• Instant feedback to the t e c h n i c a l s t a f f on acceptable 
runs, d r i f t , and o u t - o f - c o n t r o l s i t u a t i o n s . 

• A h i s t o r i c a l record of instrument operation. 
• V e r i f i c a t i o n of t e c h n i c a l p r o f i c i e n c y and v a r i a t i o n 

between d i f f e r e n t s t a f f . 

Sample custody, more formally r e f e r r e d to as Chain-of-Custody 
procedures, should be describe
procedures are necessar
t i o n from c o l l e c t i o n through transport to the laboratory, to 
subsequent a n a l y s i s and r e p o r t i n g . Various methods can be used from 
hand-written sheets on which l o g g i n g - i n and out, storage, and 
responsible personnel are i n d i c a t e d , to computerized bar code 
setups, to more st r i n g e n t systems i n which sealed v i a l s are used. 
Whatever system i s used, i t should be adequate f o r the operation 
and s p e c i f i e d e i t h e r i n an SOP or a s t u d y - s p e c i f i c p r o t o c o l or work 
plan. 

Another area needing c l o s e review during inspections i s l a b e l 
ing and t r a c k i n g of reagents and s o l u t i o n s . A l l reagents and 
s o l u t i o n s should be reviewed to ensure t h e i r i n t e g r i t y , s t a b i l i t y , 
and proper l a b e l i n g . A c c o u n t a b i l i t y , i n t e g r i t y , and s t a b i l i t y can 
be documented by e s t a b l i s h i n g a reagent and s o l u t i o n log book. I t 
should i n d i c a t e l o t number, e x p i r a t i o n date, storage requirements, 
grade of m a t e r i a l used, and d i s p o s a l . Each reagent and s o l u t i o n 
should be labeled to i d e n t i f y content, preparation date, e x p i r a t i o n 
date, storage requirements, and person who prepared the s o l u t i o n . 

At the end of the i n s p e c t i o n , i t i s h e l p f u l to hold a d e b r i e f i n g 
with the Project Manager. This i s important because i t i n i t i a t e s 
a dialogue and e s t a b l i s h e s a loop of communication between the QAU 
and the P r o j e c t Manager or Study D i r e c t o r . M i s i n t e r p r e t a t i o n s can 
be i d e n t i f i e d or a d d i t i o n a l data can be added to the report. 
Suggestions f o r c o r r e c t i v e a c t i o n can be given i n an informal way. 
True GLP issues can be d i s t i n g u i s h e d from s c i e n t i f i c questions or 
suggestions. Usually, the need f o r future inspections can be 
discussed and a schedule determined. 

The QAU must then w r i t e an Inspection Report and send i t to the 
P r o j e c t Manager. The w r i t t e n Inspection Report should be complete 
and o b j e c t i v e . Suggested content i s given i n Table IV. 

The Project Manager responds to the i n s p e c t i o n report i n 
w r i t i n g , i d e n t i f y i n g agreement or disagreement with the f i n d i n g s 
and i n d i c a t i n g c o r r e c t i v e a c t i o n ; t h i s closes the communication loop. 
The completed report i s then forwarded to the D i r e c t o r of the 
Laboratory or other appropriate personnel to complete the monitoring 
process or communication loop on a higher l e v e l . 

GLPs also s p e c i f y that the QAU must conduct an audit on the 
f i n a l r eport. I f the i n s p e c t i o n phase has been conducted properly, 
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Table IV. C h a r a c t e r i s t i c s of a Good Inspection Report 

• I t should stand on i t s own. 

• I t should i d e n t i f y the study, phase inspected, dates of 
i n s p e c t i o n , items reviewed, and supporting data. 

• I t should c l e a r l y i d e n t i f y areas of compliance and noncompliance. 
• I t should i d e n t i f y those areas where improvement i s suggested 

and methods for improvement. 
• I t should be worded such that the i n s p e c t i o n procedure i s a 

p o s i t i v e , u s e f u l experience f o r the laboratory. 
• I t should i n d i c a t e the time of the next i n s p e c t i o n , e s p e c i a l l y 

when c o r r e c t i v e a c t i o n has been i n d i c a t e d . 

the audit should not be to
f i n a l report audit, the QAU must reconstruct the study to assure 
that a l l the pieces are i n place and that the study i s complete. 
There are s e v e r a l ways to v e r i f y study i n t e g r i t y ; however, b a s i c a l l y 
a l l audits are div i d e d i n t o three p a r t s . 

1. The o b j e c t i v e and scope of the study are determined 
by reviewing the p r o t o c o l and relevant SOPs. 

2. The raw data are reviewed f o r proper documentation 
and completeness. 

3. The raw data are compared against the f i n a l report 
to ensure accurate presentation. 

This l a s t part or phase i s t r a d i t i o n a l l y thought of as "the 
a u d i t . " I t can be accomplished i n two ba s i c ways: e i t h e r using a 
random number s t a t i s t i c a l approach or by a percentage or l i n e 
approach. In conducting an audit, i t i s important to remember that 
some types of e r r o r s (usually the small ones) are random, f o r 
example, a simple t r a n s c r i p t i o n e r r o r at the end of a long c a l c u l a 
t i o n , while others follow patterns and can have a cumulative impact, 
such as an unacceptable c a l i b r a t i o n curve or even sample mix-up. 

At the end of the audit, a F i n a l Report N a r r a t i v e i s w r i t t e n by 
the QAU to the Project Manager. The format of the N a r r a t i v e i s 
s i m i l a r to that of the Inspection Report. Once again the Pr o j e c t 
Manager responds i n w r i t i n g , thus e s t a b l i s h i n g a loop; the completed 
Na r r a t i v e i s then forwarded to upper management. 

The GLPs s p e c i f y that the f i n a l report include a QA Statement 
l i s t i n g the dates of in-progress i n s p e c t i o n s , when they were sent 
to the Study D i r e c t o r or Pr o j e c t Manager, and when they were sent to 
upper management. This statement i s to be signed by the QAU. The 
QA Statement should not be confused with the GLP requirement f o r a 
Compliance Statement. This statement v e r i f i e s GLP compliance, and 
i s to be signed by the Study D i r e c t o r or Project Manager. Because 
of p o t e n t i a l confusion over these two statements, the F i n a l Report 
Nar r a t i v e should address a l l areas of the report, and produce a 
w r i t t e n dialogue between the Study D i r e c t o r , the Pr o j e c t Manager, 
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and the QAU. By addressing any problems i n w r i t i n g and by the 
Study D i r e c t o r responding i n w r i t i n g , the d i s t i n c t i o n between these 
two required statements can be c l a r i f i e d . The r e s p o n s i b i l i t y to 
monitor the study and report on compliance i s that of the QAU; the 
r e s p o n s i b i l i t y to conduct the study i n compliance with the 
r e g u l a t i o n i s that of the Study D i r e c t o r . 

Discussion 

Enlarging the scope of the GLPs to include environmental and chemical 
f a t e studies w i l l have a s u b s t a n t i a l impact on the conduct of such 
stu d i e s . Implementation of t h i s r e g u l a t i o n to include f i e l d t e s t i n g 
programs w i l l b r i n g new challenges to e x i s t i n g QAUs. However, by 
d e f i n i n g the scope, the o b j e c t i v e s , and r e s p o n s i b i l i t i e s , and by 
r e l y i n g on past experience, we can begin to i d e n t i f y ways to meet 
that r e s p o n s i b i l i t y . 

As the r e g u l a t i o n become
EPA to explore the i n t e g r a t i o
r e g u l a t i o n s commonly used f o r the Contract Laboratory Program (CLP). 
The CLP program operated by EPA regulates l a b o r a t o r i e s conducting 
chemical analyses under the Resource Conservation and Recovery Act 
(RCRA) and Superfund programs (4_) (7) . They must i d e n t i f y overlap, 
as w e l l as d i f f e r e n c e s , because many l a b o r a t o r i e s w i l l be operating 
under both r e g u l a t i o n s . Laboratories c e r t i f i e d under the CLP 
may think that they are i n compliance with GLPs and not r e a l i z e the 
d i f f e r e n c e s i n the r e g u l a t i o n s . The CLP program i s used to evaluate 
l a b o r a t o r i e s contracted to analyze hazardous waste, while the 
FIFRA/GLP program regulates the conduct of studies used to support 
the r e g i s t r a t i o n of p e s t i c i d e s . Thus, i t i s conceivable that 
some analyses may be regulated under both programs. Whereas the 
CLP program s p e c i f i e s methodology and QC requirements, the GLP 
r e g u l a t i o n stresses record keeping and data a c c o u n t a b i l i t y . 

In the past, the q u a l i t y and i n t e g r i t y of environmental and 
chemical fate studies have v a r i e d considerably. While I am not 
recommending the development of a laboratory c e r t i f i c a t i o n program 
or mandatory methodology, the p o t e n t i a l p r a c t i c a l i n t e g r a t i o n 
of the CLP and GLP r e g u l a t i o n s could have a s u b s t a n t i a l impact on 
the way environmental and chemical f a t e studies have been conducted. 
P r a c t i c a l i n t e g r a t i o n could improve the q u a l i t y of these studies 
i n the f u t u r e . Together, these regulatory programs could r e s u l t i n a 
system to document methods and assess data i n t e g r i t y so that the 
r e l i a b i l i t y of the r e s u l t s and conditions under which they were 
produced could be v e r i f i a b l e i n a way that would ensure accuracy, 
r e p r o d u c i b i l i t y and s u c c e s s f u l l e g a l review. The outcome of such a 
system would enhance s c i e n t i f i c acceptance, c r e d i b i l i t y , and p u b l i c 
confidence. 

Summary 

Applying GLP p r i n c i p l e s to f i e l d studies and a n a l y t i c a l chemistry 
operations w i l l r e quire i d e n t i f y i n g those operations that are 
unique to the type of study and d i s c i p l i n e . In t h i s regard, the 
importance of c r e a t i v e l y adapting p r i n c i p l e s developed from in-house 
monitoring s i t u a t i o n s to f i e l d study operations has been discussed. 
The d i f f e r e n c e s between QC and QA have been defined. Inspection 
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and audit procedures have been evaluated. The importance of 
e s t a b l i s h i n g p r a c t i c a l Chain-of-Custody procedures and Q u a l i t y 
Control standards has been reviewed, as w e l l as the importance of 
blending t h i s r e g u l a t i o n with e x i s t i n g r e g u l a t i o n s , and the r o l e of 
the Q u a l i t y Assurance Unit i n monitoring these types of st u d i e s . 

The development of GLP compliance programs to monitor 
environmental studies programs i s s t i l l i n i t s infancy. Although 
the i n i t i a l purpose of t h i s r e g u l a t i o n i s to provide a mechanism f o r 
ensuring proper conduct and accurate r e p o r t i n g of data c o l l e c t e d f o r 
environmental f i e l d t e s t i n g programs used to support r e g i s t r a t i o n 
of p e s t i c i d e s and chemicals, i t s p o t e n t i a l a p p l i c a t i o n w i l l 
undoubtedly go beyond these a c t i v i t i e s . We are already seeing GLP 
record keeping p r i n c i p l e s being applied to municipal and i n d u s t r i a l 
p o l l u t i o n monitoring programs, Environmental Impact Statements, 
RCRA/Superfund operations and court review. Basic p r i n c i p l e s of 
good record keeping and documentation are fundamental to t h i s 
r e g u l a t i o n and to good science
a p p l i c a t i o n . 
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Chapter 13 

Quality Assurance in Analytical Laboratories 
An EPA Perspective 

Willa Y. Garner 

U.S. Environmental Protection Agency, EN-342, 
Washington, DC 20460 

The Federal Insecticide
(FIFRA) Good Laboratory Practice (GLP) Standards regu
lations (1) are intended to ensure that regulatory studies 
are conducted with good planning and execution, complete 
documentation and validation, and integrity. Official 
GLP inspections include a review and evaluation of the 
testing facilities as well as an audit of the data gen
erated by those facilities. Chemistry auditors evaluate 
the entire study for environmental, residue, product 
chemistry and metabolism studies, but only the analytical 
phases of health effects and ecotoxicology studies. 
Sample collection, handling, transfer, and storage pro
cedures are steps in an analytical study that may offer 
an opportunity for loss of sample integrity and must be 
documented in detail. Registrants are responsible for the 
retention of their raw data which must be maintained as 
long as the registration, which it supports, is active. 

The conduct of a chemistry-related good laboratory practice (GLP) 
laboratory inspection and data audit will be discussed in this 
paper. This will be accomplished by describing the basic audit 
procedure, then digressing into the objectives of an audit and the 
primary problem areas that have been experienced. 

Before addressing the fundamentals of an audit, let us review 
some of the regulatory background and history of the GLP regulations. 
These days, as you know, the regulatory testing laboratory has a new 
partner, the Federal auditor or inspector, who will be critically 
reviewing a l l aspects of the selected study as well as those of the 
ongoing operations. This person is a verifier of accounts, as the 
dictionary phrases i t . He is sent to verify that the public's trust 
in science is well founded. 

The regulated community is fully aware that the Federal presence 
is the result of revelations that some laboratories were submitting 
false or faulty data as the basis for obtaining permits to sell 
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their products. There were inconsistencies between the raw data and 
the f i n a l reports. The test protocols were poorly written and the 
test data were not properly maintained. Consequently, i n granting 
permission to use toxic chemicals to control agricultural pests, 
Congress required i t s public servants to assure themselves that no 
harm would occur to the users of these products or to the environ
ment when used according to label directions. 

As a result, we find ourselves in a position, as Federal 
regulatory o f f i c i a l s , to i n s i s t that there w i l l be quality assurance 
and quality control as an inherent accompaniment of analytical work 
and that analytical data accompanying a l l regulatory submissions 
shall be carried out in compliance with good laboratory practice 
regulations. The GLP regulations are intended to ensure that 
studies are conducted with good planning and execution, complete 
documentation and validation, and integrity. 

Proposed Generic GLP Regulation

An EPA committee worked for over a year on formulating a set of 
generic GLP regulations to cover a l l TSCA and FIFRA regulatory 
studies. The efforts of this committee were published in the Federal 
Register (2) on December 28, 1987, for a 90-day comment period. The 
proposed FIFRA GLP regulations appear as the last chapter in this 
volume. VJhen the FIFRA GLP regulations become f i n a l they w i l l cover 
not only health effects studies, but also environmental fate, r e s i 
due, metabolism, ecological effects, and efficacy studies. Field 
studies w i l l be covered as well as laboratory work. For studies 
started before the GLP regulations beconE f i n a l rule, and completed 
after that date, the portion of the study conducted after the f i n a l 
rule date must have been conducted under the GLP regulations with 
proper documentation as to which part of the study was conducted 
under GLP and which part was not. It is anticipated that the Revised 
FIFRA GLP regulations w i l l become fin a l in the summer of 1988. 

U.S.E.P.A. GLP Inspections 

The laboratory to be inspected w i l l receive a letter approximately 
two weeks before the Agency inspection team arrives that specifies 
which studies w i l l be audited and i f a laboratory GLP inspection i s 
to be included. Upon ar r i v a l , the inspector w i l l present o f f i c i a l 
credentials and a Notice of Inspection form. The GLP portion of 
the audit i s now conducted as i f GLPs for a l l types of studies were 
i n effect. For those laboratories conducting non-GLP studies, this 
i s done to give an idea of what to expect when, and i f , the GLP 
regulations become law. The laboratory inspection aspects w i l l be 
reviewed b r i e f l y and then the data audit portion w i l l be discussed. 

f4any of you have expressed an interest in a format for your 
master schedule. Figure 1 depicts the format Mobay Chemical Corp. 
uses. It is self explanatory and covers the items required in the 
GLP regulations (test substance; test system; nature of study; study 
i n i t i a t i o n date; current status; sponsor identity, i f applicable; 
and name of study director). For a contract laboratory, the spon
sor's identity must appear on the master schedule sheet for each 
study listed. There are several terms that require definition. In 
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the proposed GLPs, experimental start date means the f i r s t date 
the test substance is applied to the test system, and the experi
mental termination date i s the last date on which data are collected 
directly from the study. These dates must appear in the protocol. 
The study i n i t i a t i o n date, which i s the date that i s entered on the 
master schedule, i s defined as the date the protocol i s signed by 
the study director. The study completion date w i l l refer to the 
date that the f i n a l report i s signed by the study director. 

The laboratory area i s inspected to ascertain i f space and 
equipment are adequate for the size of the staff and the scheduled 
workload. A l l equipment, such as gas and liquid chromatographs, 
infra red spectrometers, nuclear magnetic resonance spectrometers, 
etc., have service, preventative maintenance, or calibration logs. 
Laboratory requirements differ as to the amount of information doc
umented in their maintenance logs. Some laboratories provide l i t t l e 
information and others provid  2
the information that Analytica
for their gas chromatograp  usage  p
calibration logs and must be calibrated and/or standardized either 
once daily or prior to use, whichever i s appropriate. 

Dry chemicals, solvents and stock solutions must be properly 
labeled. The labels used at Tegeris Laboratories (Figure 3) give an 
example of the items to be addressed. Each storage container for a 
test, control, or reference substance must be labeled by name, CAS 
or code number, batch number, and expiration date, i f appropriate. 
Where appropriate, storage conditions necessary to maintain the 
identity, strength, purity, and composition of these substances must 
be given. For studies of more than four weeks' duration, reserve 
samples from each batch of test, control, and reference substance 
must be retained as long as the quality of the preparation affords 
evaluation. A l l radioactive materials must be labeled as such. 

A l l equipment, including balances and hoods, must be regularly 
maintained and so documented. Minimally, hoods should be checked on 
a yearly schedule. Dow Chemical Company uses the label shown in 
Figure 4 to document hood maintenance checks. Refrigerators and 
freezers must have a temperature recorder of some type or be manually 
checked and the temperatures recorded. This covers the major GLP 
related items in the analytical laboratory. 

Standard Operating Procedures (SOPs) are also an important 
concept of GLP regulations. If followed, they ensure that a labora
tory's compliance with GLP regulations i s well defined and consis
tent, regardless of the personnel conducting the research. SOPs 
must be developed for such topics as: specifying the operation, 
calibration, and maintenance of pieces of equipment; defining how to 
record raw data and what raw data to record; explaining what infor
mation i s to be logged when chemicals are received; indicating how 
to design studies and take samples i n the laboratory or i n the f i e l d ; 
and explaining how to input and verify computerized data. 

Data Audits 

A data audit may be either p r i o r i t y or routine. Priority audits are 
conducted i f a discrepancy, data gap, or other potential violation 
i s suspected. Routine audits of studies submitted for pesticide 
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MOBAY CHEMICAL CORPORATION 
CORPORATE TOXICOLOGY DEPARTMENT 

STANLEY RESEARCH CENTER, ST ILW ELL, KANSAS 

STUDIES IN PROGRESS 

SCHEDULE AS OF SEPTEMBER 1986 

*B = BATCH * 
F = FORMULA U 
L = LOT # 
R = REFERENCE ft 

COMPOUND TYPE OF LOCATION INITIATION EXPECTED 
(B.F.L.&R)* STUDY SPECIES REQUEST EXPER/PROC/PATH DATE COMPLETION 

Figure 1. Master schedule format (Reproduced with per
mission from Mobay Chemical Co.). 

DATE NAME PROJ. 
COLUMN 

COATIN

COLUMN MAKE-UP PURGE 
SYSTEM 

TEMPERATURES 

OVEN INLET DET 
SIGNAL 

RECORDER 
SPEED 
PER MIN. 

RAMP 
INFO. 

SAMPLE INFORMATION 

TYPE U VOL AUTO SOLVENT 

GENERAL 
MAINTENANCE 

SEPTUM, GLASSWOOL, 
PROBLEMS 

Figure 2 . Information collected on gas chromatograph 
maintenance log (Reproduced with permission 
from Analytical Development Corp.). 

DATE RECEIVED:, 

EXPIRATION DATE:. 

INITIALS: 

COMPOUND: 
SOLVENT: CONC: 
STORAGE: EXP. DATE: 
PREPARER'S INITIALS: 
PREPARATION DATE: 

Figure 3. Information labels for dry chemicals and 
solvents (top) and stock solutions (bottom) 
(Reproduced with permission from Tegeris 
Laboratories). 
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registration are carried cut at a f a c i l i t y approximately at 15-month 
intervals. The interval may be shorter for audits of certain pivotal 
data submitted for reregistration or for the development of a regis
tration standard. 

The chemistry auditor usually audits only the analytical chem
istry portions for health effects or ecotoxicology studies and the 
entire data f i l e for environmental, residue, product chemistry, and 
metabolism studies. 

Health Effects and Ecotoxicology Studies 

For the health effects studies, the dosage preparations, including 
test substance and reference standard characterization and s t a b i l i t y , 
and the diet preparations are reviewed by the auditor. Diet pre
paration aspects include homogeneity of the test chemical i n the 
diet and the s t a b i l i t y of thi  material i  th  diet coverin  th
period from the time i
auditor w i l l also ascertai
change in the study design occurs prior to the event, the protocol 
should be formally amended to cover i t . Any protocol deviations 
noted during the study should be adequately documented. It is 
important that the protocol approval date precede the experimental 
starting date. The same issues are addressed for the chemistry 
portions of the ecotoxicology studies. Feed and water data, i n 
cluding analyses for nutrients, contaminants, and other pertinent 
parameters w i l l also be reviewed by the chemistry auditor. C l i n i c a l 
chemistry is another area subject to review during the chemistry 
audit. 

There are many sources of var i a b i l i t y related to the sampling, 
handling, transfer, and preservation of samples. The preparation, 
sampling, and analysis of animal feeds deserve special attention. 
It i s an established fact that the d i f f i c u l t i e s of distributing 
parts per thousand, parts per million, and even parts per b i l l i o n of 
a test substance homogeneously into a feed mixture are monumental. 

In looking at the dosage form of the test art i c l e , the dosage 
preparation method i s evaluated and the calculations for the concen
tration levels are checked. Proof of s t a b i l i t y of the test a r t i c l e 
during the period of the stud/ and the analytical procedures used to 
test for s t a b i l i t y are evaluated. Proof of homogeneity, st a b i l i t y , 
and proper concentration of the test material in the diet and the 
analytical procedures used to ascertain homogeneity and s t a b i l i t y 
are also evaluated. These properties must be addressed prior to the 
i n i t i a t i o n of the study. In most cases, the concentration of the 
test substance in the carrier i s expected to be within + 10% of 
nominal for concentrations greater than 10 ppm i n the diet, i f 
experienced analysts are u t i l i z i n g validated specific methods. If 
this limit cannot be met, the protocol should be amended to show 
why this was not possible, and why this would not impact upon the 
validity of the study. 

Included i s a graph (Figure 5) from an a r t i c l e by William 
Horwitz which relates analytical precision to concentration. It 
shows that the analytical va r i a b i l i t y increases as the concentration 
decreases. The Horwitz data were generated from collaborative 
studies where methodology was exactly defined. The data should be 
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INDUSTRIAL HYGIENE HOOD SURVEY 

HOOD IDENTIFICATION 

DATE OF SURVEY 

SURVEYOR 

STATIC PRESSURES*: 
SASH CLOSED: INCHES WATER 
SASH FULLY OPEN: INCHES WATER 

FACE VELOCITIES, FPM (5) SASH OPENINGS, INCHES: 

@ 
@ 
@ 

CHEMICAL USED IN EVALUATING HOOD 

RESTRICTIONS: 

'NOTE IF STATIC PRESSURE READINGS VARY 25".. FROM THOSE MEASURED, THE 
EXHAUST SYSTEM SHOULD BE CHECKED 

Figure 4. Information collected to document hood 
maintenance (Reproduced with permission from 
Dow Chemical Co.) • 

Concentration 

Figure 5. Graph r e l a t i n g a n a l y t i c a l p r e c i s i o n to con
c e n t r a t i o n . (Reproduced from Ref. 3. Copy
r i g h t I98I American Chemical Society.) 
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repeatable by a single analyst consistantly using the same exact 
method. An easily remembered reference point is that at 1 ppm i n 
the diet, the coefficient of variation i s + 16%. 

Records for documentation of the mixing procedure used to 
achieve homogeneity of the test substance i n the carrier must be 
available for audit. Prior to the analysis of the study samples, 
a l l analytical procedures must be validated in terms of recovery, 
reproducibility, sensitivity, freedom from interference, and 
accuracy. 

If the test substance mixture i s shown to be unstable in the 
diet, i t i s important to either prepare the test substance-carrier 
mixture more frequently to achieve s t a b i l i t y or show unequivocally 
that the decrease in concentration i s due to the chemical binding to 
the carrier and that i t would s t i l l be biologically available to the 
test animal, i.e., that i t would not be vol a t i l i z i n g or decomposing 
into other compounds. 

Environmental Fate, Residue

For the pristine chemistry studies which include studies such as 
hydrolysis, s o i l and water photolysis, s o i l dissipation, and rota
tional crop under environmental fate, metabolism studies, residue 
studies, and product chenistry studies, such as vapor pressure, 
octanol-water partition coefficient, and water solubility, the total 
study i s audited. This includes the GLP issues, such as adherence to 
protocols, SOPs, and record accountability; completeness of raw data; 
the validation of data points; and the overall s c i e n t i f i c issues. 

The chemical aspects of these studies focus primarily on the 
chemical characterization of the test substance and/or mixture. The 
identity of the test chemical should be proven, and the analytical 
procedures used, such as gas or liquid chromatography, nuclear mag
netic resonance spectrometry, or mass spectroscopy, should be 
available for audit. This would include the chromatograms or spectra 
from these analyses. It i s imperative that raw data be l e f t intact 
as they emerge from an instrument to maintain data integrity. Chro
matographic printouts are to remain attached and in sequence. If 
some data points are not used i n the f i n a l report, the reason i s to 
be documented and those not used are to remain with the study f i l e . 
No raw data are to be discarded. 

To comply with the portion of EPA Pesticide Registration Notice 
86-5, which states that oversize computer printouts or fold-out 
pages not be included in the registration package, i t i s suggested 
that photocopies be made of the chromatograms, and that the photo
copies be cut to f i t on an 8 1/2 x 11 inch page. Column conditions 
and other chromatographic parameters must appear in the raw data. 
Types of information to be documented are given i n Figures 6 and 7 
for gas and liquid chromatography, respectively. Quality control 
during sample analyses i s an important aspect in the conduct of a 
sci e n t i f i c a l l y sound study. Chemistry auditors w i l l ascertain i f 
replicates, recoveries, and reagent blanks were assayed with the 
samples, i f an independent audit mixture was employed to check out 
proper machine functioning prior to use, and i f the slope sensi
t i v i t y was set correctly to assure proper integration for GC and 
HPIC analyses. 
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Operator _ — 

Stationary Phase — 

Film Thickness 

Column No Type _ 

Length OD ID . 

Carrier Gas 

U . Flow. 

Chart Speed. 

Sample 

Size . Solvent. 

Concentrations. 

Date 

Instrument. 

Range 

Detector. 

Attenuation. 

Flow Rates, cc/min. 

Make-up . Type. 

_ Air _ Hydrogen 

On Column • Split • Splitless Injection • 

Ratio Hole Time 

Column Initial Time 

Rate Final Time 

Figure 6. Gas chromatographic parameters documentation. 
(Reproduced with permission from Supelco, Inc.) 

DATE. 

COL. NO. 

(PHASE) . 

OPERATOR. 

_ LENGTH _ ID . 

CHROMAT. NO. . 

packed with PCT 

on (SUPPORT) . 

MOBILE PHASE AND GRADIENT . 

TEMPS. (Reservoir) (Col.) (Det.) 

PRESSURE FLOW RATE mi./min. 

CHART min. 
DET. SENS. SPEED sec/in. 

SAMPLE . 

SAMPLE CONC INJ. AMT. 

Figure 7. L i q u i d chromatographic parameters documentation. 
(Reproduced with permission from Anspec Co.) 
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Test Substance/Mixture Characterization 

The method of test substance synthesis or i t s source should be made 
a part of the documentation. Ibis would apply to any test chemical, 
whether i t i s a technical material, a formulation, a metabolite, a 
by-product, or a radiolabeled compound. Any impurities greater than 
0.1 % in the test material should be identified and quantified. If 
a commercial or technical lot i s specified for the study, comparison 
should be made between the test chemical and i t s commercial counter
part. The test substance, or mixture, should meet routine s p e c i f i 
cations for chemical composition and physical properties. The source 
and lot or batch number of the test a r t i c l e and any diluants, such 
as acetone or corn o i l , should be given i n the raw data. Since, i n 
almost a l l cases, the test substance, or mixture, w i l l be shipped to 
the laboratory performing the study, a b i l l of lading describing the 
test material as to name  purity  l o t number  quantity shipped
handling procedures, etc.
records to provide a complet
handling, and receipt of the test material. Storage and custodial 
procedures at the test f a c i l i t y are necessary documentation for each 
test substance. Auditors w i l l ask to see the archived sample of the 
test substance for studies whose term exceeds four weeks. 

At this point, i t should be stressed that when characterization 
of the identity of parent chemical and/or metabolites i s required i n 
a study, that identity must be confirmed by an alternate technique. 
Data reported without application of suitable confirmatory tech
niques may not only be worthless, but what i s worse, incorrect 
information may be seriously misleading and may be unrectif iable. 

A l l data points should be used; one should not be selective, 
i.e., one from column A and another from column Bl Use s t a t i s t i c a l 
tests to determine i f data points in the set are truely outliers. 

One expects biological data to be f u l l of perturbations re
sulting from the many outside influences on the particular property 
we are measuring. Consequently, we get zig-zag patterns of these 
properties with time, complete with standard errors extending from 
each point which often do not overlap one another. An auditor should 
really begin to worry about the quality of the observations when 
there i s no reasonable va r i a b i l i t y component. Less than usual vari
a b i l i t y suggests that some averaging has been going on. One can 
average out quite a few wild results, i f they are i n opposite d i 
rections, and get a f a i r l y decent mean. If one takes enough widely 
variable data points one can hide poor data by this method. 

A bulk test chemical inventory must be maintained for labeled 
and unlabeled test materials (Figure 8) which describes the chemical 
as to name, appearance, quantity, lot number, storage conditions, 
etc. The rest of the form would have columns for date, person re
moving the material from stock, the quantity taken, the quantity 
remaining, and a column for the person receiving the material to 
sign for i t . The purity of the test chemical must be shown prior to 
the i n i t i a t i o n of the study, as well as i t s s t a b i l i t y throughout the 
study. The analytical procedures used to assure s t a b i l i t y must also 
be available for audit. 

Reference standards must be characterized as to purity, batch 
or lot number, source, storage requirements, and traceability, and 
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ABC FORM NO.: 307 

COMPOUND STRUCTURE/ 
FORMULA 

SPECIFIC ACTIVITY . 

TOTAL ACTIVITY _ 

SOURCE 

DATE RECEIVED 

PURITY 

LOT NO 

RADIATION SAFETY OFFICER INVESTIGATOR 

DATE uCi USED 
uCi 

REMAINING 
LOCATION OF 

WORKING SOLUTION 
NAME & INITIALS 

INVESTIGATOR 
STUDY 

U 

Figure 8. Information captured for the bulk test chem
i c a l usage inventory (Reproduced with per
mission from Analytical Bio-Chemistry Lab
oratories, Inc.). 
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have periodic purity assays i f the same lot i s used over an extended 
period of time. 

Sample Collection and Handling - Fiel d Studies 

Sample collection, handling, and storage are steps in an analytical 
study that offer many opportunities for loss of integrity of the 
sample and must be described i n f u l l detail. Good judgement cannot 
be assumed; details must be provided. Complete sample control must 
be maintained from the time the samples are taken in the f i e l d , 
i f this i s the case, through their analysis in the laboratory to 
f i n a l storage. Figure 9 depicts the type of information required 
for Dow Chemical Company residue f i e l d t r i a l s . Tools used to acquire 
the samples must be described, as well as the sample containers. It 
i s a known fact that bottle cap liners and aluminum f o i l which may be 
coated with drawing o i l may also be sources of contamination  These 
aspects must be considere
needs to describe how th
samples w i l l be shipped and then stored when they arrive at the 
laboratory prior to analysis, as well as the temperature and length 
of time for storage. Exposure to light and a i r are important con
siderations. Storage s t a b i l i t y data must be provided for the 
same matrix and cover the time period that samples are stored prior 
to analysis. A l l samples must be logged in and assigned unique 
numbers which are f u l l y traceable. Fragile samples w i l l not need to 
be retained beyond quality assurance review. To ascertain sample 
storage and handling procedures, the chemistry auditor often sets up 
the situation of "I am a sample arriving at the laboratory. Vtoat 
are your procedures for handling me from my point of arrival through 
extraction and analysis to f i n a l storage?" 

For a l l of the studies we audit, we ask for a curriculum vitae 
on each of the staff members who are conducting and/or are involved 
with the study. We want to know about their education, experience, 
and training in the area they are working. 

Data Validation 

After having looked through the laboratory's f i l e s for a l l of the 
information we have discussed, the auditor now begins the ana
l y t i c a l data validation phase of the audit. Usually, approximately 
10% of the data points appearing i n the report submitted to EPA are 
randomly selected and validated. This means tracing a l l the raw 
data involved in obtaining the selected data point in the report 
back to their i n i t i a t i o n . Sometimes, the audit of a study w i l l be 
from photocopies rather than from the original records. To document 
that the photocopy i s a "true" copy, i t must be certified. Rohm 
and Haas Company uses the stamps depicted i n Figure 10 on their 
photocopies to assure validity. 

In looking through the raw data, the auditor also checks for 
overwrites and incorrectly executed cross-throuyhs, as depicted i n 
Figure 11. Overwrites and use of white-out are prohibited, accord
ing to the GLP regulations, and crcss-throughs should be executed as 
shown, with the person's i n i t i a l s , the date executed, and the reason 
for the change. Frequently, insufficient space i s available for 
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This is au^exact copy of 
the j^igmai document. 

This is an exact copy 
reduced in size of the 
oriainaPdo€ument. 

Figure 10. Rhetoric for documentation of a photocopy as 
a "true" copy (Reproduced with permission 
from Rohm and Haas Co.). 

7 

****** 

y - Lay* -~ 

A/% 
• .It-

Figure 11. Sample laboratory notebook page depicting 
overwrites and incorrectly and correctly 
executed crcxss-throughs (reproduced with 
permission from Uniroyal Chemical Co., Inc.). 
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describing the reason for the change. To conserve space, speed up 
the correction process, and provide consistency throughout the lab
oratory, ADC developed the following numerical l i s t i n g : 

EXPLANATION OF NOTEBOOK ENTRY ERRORS 

1. Misspelled 
2 . Mathematical Error 
3. Wrong Entry (date, sample no., word, etc.) 
4. Transposition or Sequencing Error 
5. Transcription Error 
6. Procedural Change 
7. Wrong Conclusion 
8. Illegible Entry 
9. Unnecessary Entry 

10. Footnoted Explanatio
11. Additiona

Each time an error i s made, i t is i n i t i a l e d , dated, and one of the 
code mmbers in the l i s t i s placed next to the i n i t i a l s and circled. 
A copy of the l i s t i s placed in the front of each notebook for 
reference. Pencil or white out are not to be used under any circum
stances. Note at the bottom of Figure 11 the place for the witness 
or supervisor to sign. During audits, we have had many discussions 
about this. The consensus in the Office of Compliance Monitoring 
i s , i f there i s a place for a signature, sign i t . If this practice 
is not acceptable to the laboratory, an SOP should be developed to 
explain this deviation in the use of the form. 

Raw data used to be a very simple concept: they were the num
bers actually indicated by a measuring device, whether i t was the 
sum of weights on a balance, a determination on an instrument d i a l , 
or a measurement on a recorder chart. The analyst had f u l l control 
and responsibility over the production of the data at every step. 
With mechanization and automation, where the responsibility for 
instrument calibration i s assigned to the manufacturer of the equip
ment or the proper functioning of the instruments i s assumed to be 
b u i l t - i n by the instrument designers and computer operators, the 
production of data has shifted from a straight line function, en
t i r e l y under the direct supervision of the professional scientist, 
to a more complicated operation managed by a laboratory director. 
Automated instruments measure the samples, execute the iianipulations, 
determine the response, perform the calculations, and present the 
f i n a l answer i n whatever form or units desired. The f i n a l value may 
be copied from a d i a l , recorded on tape, drawn on a chart, or not 
presented at a l l , to be stored in a computer for coordination with 
past and future values, presenting the entire sequence as the result 
of the experiment. These f i n a l results are raw data just as much 
as the direct measurements are. Whether the results come directly 
from manual observations or from automated instruments i s not im
portant. What we should be asking i s "Are these data correct?", 
"Are they original data?", and "How do we know?" It i s sometimes 
d i f f i c u l t to reconstruct computer generated data points because of 
dilution factors, rounding of numbers, etc. Check to see i f you 
can recalculate the numbers before you have to do i t for an auditor. 
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Data transformation steps should be documented in laboratory note
books. 

Inspection Closing 

At the end of the f a c i l i t i e s inspection and data audit, the inspector 
w i l l present the laboratory with a Receipt for Samples form. This 
form l i s t s a l l of the copies of documents, samples, etc., the i n 
spection team collected for use in documenting the findings of the 
audit i n their report. The laboratory w i l l be given a closing ses
sion i n which the auditors and the Inspector w i l l discuss their 
findings. Frequently, this conference also provides a time for a 
question and answer session or an exchange of ideas. 

It is 10:00 p.m. Do you know where your raw data are? 
It i s very important tha
Under Section 8 of FIFRA
raw data, for i t s integrity,  protection

The Code of Federal Regulations, 40 CFR 14, §169.2 (k), Main
tenance of Records, states that "Records containing research data 
relating to registered pesticides, including a l l test reports sub
mitted to the Agency in support of a tolerance petition, a l l under
lying raw data, and interpretations and evaluations thereof, whether 
in the possession of the producer or in the possession of the 
independent testing f a c i l i t y or laboratory ( i f any) which per
formed such tests on behalf of the producer. These records shall be 
retained as long as the registration i s valid and the producer i s in 
business." 

Under the paragraph entitled C i v i l Penalties in Section 14 of 
FIFRA, "Any registrant, commercial applicator, wholesaler, dealer, 
retailer, or other distributor who violates any provision of this 
Act may be assessed a c i v i l penalty by the Administrator of not 
more than $5,000 for each offense." 

In assessing the results from these audits, for the most part, 
the lack of raw data has been the most c r i t i c a l deficiency, along 
with occasional findings of careless science. If data are missing, 
a c i v i l fine may be levied, and the study may have to be repeated. 
An auditor or inspector's responsibility i s to present and document 
the facts: They do not invalidate studies, and they do not levy 
fines or penalties. 

The level of sophistication shown in the implementation of the 
GLP regulations varies greatly between the different laboratories. 
Most contract laboratories are well into compliance since they 
perform FDA related GLP studies and have been involved with QA for 
several years now. Second i n rank come the in-house company lab
oratories who also perform studies for FDA. There has been some 
information exchange between the toxicology groups and the analytical 
groups. The rest of the companies, especially those units who do 
only environmental or residue chemistry studies, are for the most 
part behind their counterparts, and many s t i l l have a long way to 
go to catch up. 

The GLP regulations are being accepted as the minimum standards 
of research quality; however, compliance with the principles outlined 
i n the GLPs does not i n i t s e l f ensure quality research data. Any 
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research quality assurance program should include the GLP concepts 
as part of i t s basic structure. It cannot be overemphasized that an 
effective quality assurance program must have the support and i n 
volvement of multiple levels of management and research personnel. 
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Chapter 14 

Quality Assurance for a Field Trials Program 
Testing Residues of Agricultural Chemicals 

James P. Ussary 

Agricultural Products Group, Eastern Research Center—Goldsboro, 
ICI Americas  Goldsboro  NC 27530 

This paper will describe a GLP compliance program deve
loped to deal with the field phase of a complex residue 
trials program and will describe how the field and 
laboratory phases of the studies are integrated. An 
agricultural chemical residue trials program is a spe
cial problem to a quality assurance unit trying to im
plement the EPA Good Laboratory Practices (GLP) regula
tions. The field trials are often dispersed over a 
vast geographic area, are located in remote areas, each 
trial is done by a different person, and the trial ac
tivities are affected by such things as weather, local 
agricultural practices, and seasonal differences. The 
laboratory portions of the residue studies are less 
troublesome for the quality assurance unit, but the 
laboratory and field portions of the study must be in
tegrated so that there is good communication between 
the field and the laboratory personnel, and there must 
be an easily followed continuity of the records from 
the field to the laboratory for the quality assurance 
program to be effective. 

An effective GLP compliance program is a disciplined way to document 
scientific studies that, if done properly, is the total ambience in 
which the studies are done. For a GLP compliance program to be ef
fective, it must be supported by the management of the organization 
and be a discipline that permeates the entire organization. At ICI 
management considers the GLP compliance program to be important and 
cost effective. This program has become a routine part of the day-
to-day activities of the organization. It affects the work of each 
of the organization's employees. The GLP discipline has been deve
loped by management and the Quality Assurance Section so that the 
compliance program has been accepted as necessary, if not desirable, 
and it has been supported and enhanced by those that come under its 
regulation. 
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At ICI Americas Inc. Eastern Research Center - Goldsboro, a 
formal GLP compliance program was begun i n 1979. The i n i t i a l pro
gram was focused on the laboratory f u n c t i o n s , but as the laboratory 
program matured the study d i r e c t o r s and Q u a l i t y Assurance personnel 
began to require a d d i t i o n a l documentation f o r the f i e l d portions of 
the studies so that both the laboratory and f i e l d portions of these 
studies are now done according to the p r i n c i p l e s of the EPA Good 
Laboratory Practices r e g u l a t i o n s . 

The purpose of t h i s paper i s to describe the GLP compliance 
system developed f o r the Residue Chemistry F i e l d T r i a l s Program at 
ICI Americas Inc. This program covers crop residue and 
environmental fate s t u d i e s . 

Education 

Education of the s c i e n t i s t whose work i s subject to the GLP regula
tions as well as other member
the success of the GLP program
purpose of the program as well as i t s requirements. The program 
w i l l be enhanced by the people that have t h i s understanding. The 
administrative s t a f f and other non-technical people w i l l support the 
program, and the t e c h n i c a l people w i l l help develop the program so 
i t w i l l be u s e f u l to themselves and s t i l l meet the regulatory re
quirements. A l l new s c i e n t i f i c employees who w i l l be working on 
studies that are subject to the GLP compliance program are required 
to have a t r a i n i n g conference with a member of the Q u a l i t y Assurance 
Section s t a f f . Special sessions are held f o r the summer coll e g e 
student employees. Seminars are held f o r Marketing and Technical 
Service employees to explain the program. Discussions are held at 
company t e c h n i c a l meetings to exchange ideas. 

Quality Assurance Section representatives p e r i o d i c a l l y attend 
s t a f f meetings of each s e c t i o n that does work subject to the GLP 
regulations to discuss q u a l i t y assurance concerns. It has been much 
e a s i e r to get compliance by d i s c u s s i n g problems than to simply make 
recommendations i n audit reports. 

Study Management 

The study management must be organized so that there i s good commu
n i c a t i o n between the laboratory and the f i e l d personnel. One per
son, the study d i r e c t o r , must be in c o n t r o l of the study and be 
aware of what i s happening with that study at a l l times. At ICI the 
study d i r e c t o r i s always the s c i e n t i s t who w i l l write the f i n a l re
port. This i s u s u a l l y the Residue Chemistry a n a l y t i c a l team leader 
who i s responsible f o r w r i t i n g the protocol and whose team w i l l ana
lyze the samples. A l l major decisions about the t r i a l are made by 
the study d i r e c t o r . For complex studies such as s o i l d i s s i p a t i o n 
s t u d i e s , crop r o t a t i o n s t u d i e s , and leaching s t u d i e s , a study coor
d i n a t o r may be appointed to help write the study protocol and actu
a l l y supervise the f i e l d a c t i v i t i e s . The coordinator would be a 
s c i e n t i s t with expertise i n the type of study being conducted. This 
person i s responsible f o r keeping the study d i r e c t o r advised about 
the progress of the study. 

In Good Laboratory Practices; Garner, W., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1988. 



14. USSARY Testing Residues of Agricultural Chemicals 101 

The f i e l d portions of the t r i a l s are done by the Research Farm 
s t a f f s or the Development Section t e c h n i c a l representatives. The 
Development t e c h n i c a l representatives are h i g h l y tr a i n e d b i o l o g i s t s 
who are s t r a t e g i c a l l y located throughout the United States and are 
responsible f o r conducting e f f i c a c y and residue t r i a l s . Most use 
t h e i r home as a base of operation and work alone. The Developmental 
Chemistry Section i s responsible f o r sample processing and analyses. 
Although there are at l e a s t two, and often three, R&D sections i n 
volved with each study, i t i s c l e a r l y understood that any problems 
or questions concerning a study are d i r e c t e d to the study d i r e c t o r 
or the study coordinator. 

Developing the Protocol 

It i s required that before any s c i e n t i f i c work i s s t a r t e d f o r a 
study that there be a protocol d b  th  stud  d i r e c t o r  th
study d i r e c t o r ' s manager
Qual i t y Assurance. 

Study protocols are written by the study d i r e c t o r i n coopera
t i o n with the Development Section regional managers, the Research 
Farms managers, and the R e g i s t r a t i o n manager. Each of these people 
provide necessary information f o r the protocol design. Each study 
i s assigned a unique protocol number and each t r i a l within the study 
i s assigned a unique number. These numbers i d e n t i f y the study 
throughout the f i e l d and laboratory phases of the study. 

When the f i r s t d r a f t of a protocol i s typed, i t i s sent to the 
Q u a l i t y Assurance Section to be audited. The protocol i s checked 
f o r those d e t a i l s required by the Good Laboratory Pr a c t i c e s guide
l i n e s . Comments about each protocol are sent to the study d i r e c t o r . 
When the f i n a l version of the protocol i s typed, i t i s again sent to 
Q u a l i t y Assurance f o r review. The o r i g i n a l copy of the signed and 
dated protocol i s f i l e d i n the archive. 

Deviations i n the conduct of the study from the protocol must 
be properly documented. There must be a formal protocol amendment 
signed and dated by the study d i r e c t o r f o r any prospective change i n 
the conduct of the study. This includes changing such things as the 
l o c a t i o n of the t r i a l , the a p p l i c a t i o n rate, or the formulation of 
the test chemical. Unavoidable changes such as those caused by 
adverse weather, seasonal v a r i a t i o n s , or w i l d l i f e damage must be 
c l e a r l y documented i n the raw data and a written opinion by the 
study d i r e c t o r about the impact of each change on the study must be 
put i n the study f i l e . 

The Master Schedule 

When a protocol i s issued, the study i s put on the Master Schedule. 
The Master Schedule i s a computer-generated document that can be 
formatted and sorted to accommodate the needs of various p a r t i c i 
pants in the study as well as the Q u a l i t y Assurance Section. It 
contains the protocol number, the t r i a l numbers, the study t i t l e , 
the proposed s t a r t and f i n i s h dates of f i e l d and a n a l y t i c a l segments 
of the study, the proposed reporting date, the names of f i e l d p a r t i 
c i pants, the name of the study d i r e c t o r , and other information that 
may be useful to the users of the master schedule. As a study 
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progresses, the proposed dates are updated to r e a l dates. The 
master schedule i s updated and reprinted monthly. Quality Assurance 
uses the Master Schedule to develop an audit and ins p e c t i o n 
schedule. 

Standard Operating Procedures 

Standard operating procedures (SOPs) are required f o r a l l routine 
a c t i v i t i e s that are c r i t i c a l to the s u c c e s s f u l outcome of the study 
i n c l u d i n g q u a l i t y assurance procedures and i n s p e c t i o n s . Most of the 
SOPs f o r the f i e l d a c t i v i t i e s are written by the f i e l d s c i e n t i s t s 
with guidance from the Q u a l i t y Assurance Section. For the f i e l d 
a c t i v i t i e s , i t i s required that at each s i t e there be SOPs f o r such 
things as how f i e l d plots are established and the plot boundaries 
marked, the maintenance of sample f r e e z e r s , how to c a l i b r a t e and 
maintain chemical balances and chemical a p p l i c a t i o n equipment  and 
how to obtain test chemicals
equipment i s not a v a i l a b l e
i n compliance with the p r i n c i p l e s of the GLP g u i d e l i n e s . The d i s 
t r i b u t i o n of SOPs i s c a r e f u l l y c o n t r o l l e d so that when an SOP i s 
changed, a l l outdated copies can be exchanged f o r the new v e r s i o n . 

The Test Chemical 

Accurate and complete records must be maintained on the chemical 
product used f o r the t r i a l s . Records are kept on the product from 
the time the t e c h n i c a l chemical i s received u n t i l i t i s applied to 
the test p l o t . The Large Scale Formulation Laboratory, where small 
batches of product f o r t e s t i n g are manufactured, i s operated accord
ing to GLP g u i d e l i n e s . There are records kept on the receip t of a l l 
product i n g r e d i e n t s , the time and method of making the product, con
ta i n e r s i z e s , and shipping information. Each batch of product i s 
assigned a unique batch number. Records are kept of how the formu
la t e d product was made. This includes a l l weights, machine s e t 
tings , and other d e t a i l s that would be needed to reproduce the batch 
of product. When the product leaves the Large Scale Formulation 
Laboratory, i t i s sent to the Shipping and Receiving department. 
Large Scale Formulation Laboratory i s provided a signed and dated 
re c e i p t by Shipping and Receiving. 

Requests f o r product by the f i e l d i n v e s t i g a t o r s are sent to the 
sample coordinator. The request s p e c i f i e s that the product i s to be 
used in a residue t r i a l . The sample coordinator maintains a l i s t of 
batches that are acceptable to the study d i r e c t o r s . These are usu
a l l y batches that have been made with f u l l y characterized t e c h n i c a l 
chemical. The sample coordinator sends an order which s p e c i f i e s the 
batch number and container s i z e to Shipping and Receiving. Contain
er s i z e s from 1/2 pint to 1 g a l l o n are a v a i l a b l e and are provided 
according to the t r i a l ' s needs. The product i s sent to the f i e l d 
i n v e s t i g a t o r along with a 2-copy packing l i s t . One of these copies 
must be signed and dated when the product i s received and returned 
to Shipping and Receiving. It i s then placed i n the permanent 
Archive. If t h i s r e c e i p t i s not received within 21 days, a followup 
l e t t e r i s sent. The second copy of the packing l i s t i s f o r the 
f i e l d i n v e s t i g a t o r ' s records. When the product i s used, the batch 
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number and the v i s u a l appearance of the product are recorded i n the 
t r i a l records. 

A small sample of each batch of t e c h n i c a l chemical and 
formulated product i s stored in the chemical a r c h i v e . 

Residue Samples 

An e a s i l y followed record of a residue sample from the time i t i s 
harvested u n t i l i t i s analyzed i s a necessary part of a GLP compli
ance program. This can be d i f f i c u l t when the possession of the sam
ple may change several times between the f i e l d and the a n a l y t i c a l 
laboratory, and a sample may be renumbered at one or more of these 
stopovers. Each f i e l d i n v e s t i g a t o r i s issued a block of unique num
bers f o r residue samples. A number i s a f f i x e d to the sample when i t 
i s harvested and i d e n t i f i e s that sample throughout i t s existence i n 
cluding the r e s u l t s fro  that sampl  i  th  f i n a l report
s t u d i e s , the sample number

Records are kept o
c o l l e c t i o n , who c o l l e c t e d the sample, what the elapsed time was 
between harvest and f r e e z i n g , the conditions under which i t was 
stored, how i t was shipped to the laboratory, and when i t was 
shipped. When a sample a r r i v e s at the laboratory, the c o n d i t i o n of 
the sample i s checked and recorded. Then the information on the 
sample bag (sample number, a p p l i c a t i o n rate, preharvest i n t e r v a l , 
etc.) i s compared to the t r i a l information sheets which are sub
mitted along with the samples. Any omissions or discrepancies are 
corrected at that time. If there i s an omission or discrepancy that 
cannot be e a s i l y corrected by a telephone c a l l from the sample pro
cessing laboratory to the f i e l d s c i e n t i s t , the study d i r e c t o r i s no
t i f i e d . The study d i r e c t o r must make the d e c i s i o n about the v a l i d 
i t y of the sample and put a note i n the data f i l e e xplaining how the 
problem was corrected or that the problem could not be corrected and 
the t r i a l i s to be abandoned. If the t r i a l i s dropped, Q u a l i t y 
Assurance i s n o t i f i e d , the t r i a l i s deleted from the a c t i v e Master 
Schedule, and an explanation i s put in the study f i l e . 

The samples are logged into the Laboratory Sample Inventory 
System, then processed f o r a n a l y s i s . Records are kept on the method 
of processing, the t e c h n i c i a n who did the processing, and the 
storage l o c a t i o n i n the f r e e z e r . 

When the samples are to be analyzed they are requested i n w r i t 
ing by an a n a l y t i c a l team leader ( u s u a l l y the study d i r e c t o r ) . When 
that person takes possession of the samples, i t i s noted i n the i n 
ventory system as well as when the samples are returned. While the 
samples are i n the laboratory, the times and dates they are removed 
and returned to the laboratory f r e e z e r are recorded i n the 
laboratory data sheets. 

The Sample Storage Freezers 

Sample storage freezers located at the Research Farms and those of 
the Residue l a b o r a t o r i e s are considered to be l i m i t e d access 
archives and are kept locked. Access i s l i m i t e d to the sample pre
paration laboratory employees. A l l movements of samples i n and out 
of the freezers are recorded. One f r e e z e r i n the Residue Laboratory 
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i s maintained as a free access "working" f r e e z e r f o r general use by 
the a n a l y s t s . Samples are kept in th i s f r e e z e r only while they are 
being analyzed. 

The Residue Laboratory freezers are a l l equipped with tempera
ture alarms and emergency power generators and are covered by a s e r 
v i c e contract. Each f r e e z e r has a 7-day thermograph. The c a l i b r a 
t i o n of each thermograph i s checked against a mercury thermometer 
each time the chart i s changed. The freezers are also equipped with 
an e l e c t r o n i c monitoring system that i s programmed to give an o r a l 
message by telephone to c e r t a i n extensions at the s i t e and to cer
t a i n employees 1 homes i f any fre e z e r malfunctions. During non-
working hours the temperature of each f r e e z e r i s monitored hourly by 
s e c u r i t y guards, and as added s e c u r i t y a technician telephones the 
speaking monitoring system each night before r e t i r i n g and records 
the temperature of each freezer i n a log book. 

In the f i e l d , a l l f fre e z e  f a c i l i t i e  used
The i n v e s t i g a t o r may hav
f o r residue samples or th
warehouse across the c i t y from his home. The samples may be stored 
i n a commercial f r e e z e r f a c i l i t y , i n a walk-in f r e e z e r at a univer
s i t y , or some other f a c i l i t y chosen by the f i e l d i n v e s t i g a t o r . Each 
f r e e z e r i s equipped with a recording thermometer. Each time the 
chart i s changed, the c a l i b r a t i o n i s checked with a mercury thermo
meter and the reading recorded. A l l f r e e z e r records are retained i n 
the data ar c h i v e . 

Data Reporting 

Data forms were designed to s a t i s f y the requirements of EPA Standard 
Evaluation Procedures and the Good Laboratory P r a c t i c e g u i d e l i n e s . 
Seventeen f i e l d data forms were designed, most of which are used f o r 
every f i e l d t r i a l . These forms include everything from a signature 
page to a page f o r miscellaneous observations. There i s also a one-
page form f o r the study d i r e c t o r to i n d i c a t e which of the seventeen 
data forms should be completed by the f i e l d s c i e n t i s t . There i s a 
postcard form that i s sent to the study d i r e c t o r by the f i e l d s c i e n 
t i s t when a t r i a l i s i n i t i a t e d . A second postcard i s sent i f a 
t r i a l f a i l s . These postcards are c i r c u l a t e d to the Q u a l i t y 
Assurance Section. A l l forms are completed according to an SOP. 

These data forms were designed by a committee of personnel from 
the Residue Laboratory, Data Processing, Q u a l i t y Assurance, and the 
f i e l d s c i e n t i s t s that would be required to use the forms. This com
mittee had a s i g n i f i c a n t impact on the GLP compliance program be
cause i t brought a l l the people together that had a d i r e c t i n t e r e s t 
i n the data. The r e s u l t was a set of data forms that, contrary to 
most p r e d i c t i o n s , has been accepted, used properly, and received 
favorable comments from the f i e l d . 

Data Sec u r i t y 

The f i e l d data, as well as the laboratory data, must be secured from 
loss or tampering. In the f i e l d , the data forms when not i n use are 
kept i n the i n v e s t i g a t o r ' s o f f i c e f i l e s . At the Research Farms 
where there are several employees, these f i l e s are kept locked and 
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access i s l i m i t e d to s p e c i f i e d i n d i v i d u a l s . The completed data 
forms are sent to the laboratory along with the samples. The o r i g i 
na l copies are f i l e d i n a locked f i r e - p r o o f f i l i n g cabinet i n the 
Sample Processing Laboratory. When the analysis of the samples i s 
s t a r t e d , the f i e l d data forms are tra n s f e r r e d to the study d i r e c t o r 
who keeps them i n a locked f i l e when not i n use. The study d i r e c t o r 
signs a receipt f o r the data. A l l laboratory data f o r in-progress 
t r i a l s are also kept i n a locked f i l e when not i n use. When the re
port has been completed, a l l of the f i e l d and laboratory data and 
the o r i g i n a l copy of the f i n a l report are stored i n a l i m i t e d access 
a r c h i v e . 

Auditing i n the F i e l d 

An A g r i c u l t u r a l Chemical F i e l d T r i a l s program i s a s p e c i a l problem 
to a Qua l i t y Assurance Section  A stud  ofte  ha  12 t  15 t r i a l
s c a t t e red over a large p o r t i o
company may have 100 o
estimated that to inspect every t r i a l when c r i t i c a l phases were 
being done, as i s done i n laboratory s t u d i e s , at l e a s t 25 inspectors 
would be needed to cover the US. Each would need a car, o f f i c e , 
telephone, and t r a v e l expenses. They would be quite busy through 
the summer but there would be very l i t t l e f o r them to do during the 
cold months. As an achievable a l t e r n a t i v e , the Q u a l i t y Assurance 
Section inspects the techniques and records used by i n d i v i d u a l f i e l d 
i n v e s t i g a t o r s rather than concentrating on the d e t a i l s of each s t u 
dy. By watching an i n v e s t i g a t o r perform a function i n one t r i a l , i t 
i s assumed that a l l t r i a l s done by that person w i l l be done s i m i l a r 
l y . While v i s i t i n g a f i e l d s i t e , a l l of the t r i a l s being done i n 
that general v i c i n i t y are v i s i t e d . The plot markers are checked to 
see i f they match the plot diagram and other information i n the 
data. A subjective evaluation of each t r i a l i s made about the gene
r a l appearance of the p l o t s , s i t e s e c u r i t y , p o t e n t i a l f o r the plots 
to be disturbed by other work i n the area, e t c . 

The chemical storage area i s checked to be c e r t a i n that the 
product batches recorded i n the data are a c t u a l l y on hand and 
properly stored. 

The equipment used f o r chemical a p p l i c a t i o n and sampling i s i n 
spected. This i s u s u a l l y a casual i n s p e c t i o n . If the equipment i s 
clean, the hoses and b e l t s appear to be i n good c o n d i t i o n , and 
equipment i s stored properly, the i n v e s t i g a t o r probably takes proper 
care of h i s equipment. The maintenance records of the equipment are 
checked. 

The f i e l d i n v e s t i g a t o r ' s residue sample handling procedures and 
equipment are always inspected. It i s p o l i c y that samples be held 
at the f i e l d l o c a t i o n s f o r only short periods; however, accurate re
cords are kept on the storage and handling conditions from the time 
a sample i s c o l l e c t e d u n t i l i t i s shipped to the laboratory. The 
elapsed time from c o l l e c t i o n u n t i l a sample i s placed i n a f r e e z e r 
must be recorded as well as the l o c a t i o n of the fr e e z e r and the 
temperature of the f r e e z e r during the storage. The sample storage 
f r e e z e r and the records kept on i t are always inspected. 

The f i e l d i n v e s t i g a t o r ' s o f f i c e i s always v i s i t e d . T r i a l s data 
should be neatly and securely stored. Also, the data forms f o r each 
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t r i a l are inspected and they should be current, signed, dated, e t c . 
There should be a complete set of current standard operating proce
dures that p e r t a i n to that i n v e s t i g a t o r ' s operation. If the inves
t i g a t o r has an a s s i s t a n t , t r a i n i n g records and a job d e s c r i p t i o n 
should be on f i l e f o r that person. ( T r a i n i n g records and job de
s c r i p t i o n s f o r s c i e n t i f i c personnel located at the Research Farms 
are maintained at the farm s i t e s . T r a i n i n g records and job d e s c r i p 
tions f o r Development t e c h n i c a l representatives are maintained at 
the home o f f i c e . ) At each s i t e there should be equipment mainte
nance records. At each of the Research farms, there should be a 
current organization chart that shows how the conduct of the t r i a l s 
i s managed. 

A f t e r a f i e l d i n s p e c t i o n i s completed, any d e f i c i e n c i e s found 
or recommendations f o r improvement are discussed with the i n v e s t i g a 
t o r . This i s followed by a written report. The i n v e s t i g a t o r then 
may append any comments h  wish t  mak  t  th  report  H  sign
and dates the report the
dates the report and return
The report i s f i l e d i n the c o n f i d e n t i a l Q u a l i t y Assurance f i l e s . 
Any needed follow-ups on d e f i c i e n c i e s are u s u a l l y done by telephone. 

It i s the o b j e c t i v e of the Q u a l i t y Assurance Section to inspect 
each Research Farm and each Development s c i e n t i s t annually; however, 
the inspections are often more frequent at s i t e s where complex non-
routine studies are being done such as pond s t u d i e s , s o i l d i s s i p a 
t i o n s t u d i e s , or groundwater s t u d i e s . 

Summary 

An e f f e c t i v e GLP compliance program f o r f i e l d a g r i c u l t u r a l chemicals 
studies has been developed by ICI Americas Inc. The development of 
t h i s program was mandated and supported by management. The imple
mentation of the program was achieved by i n v o l v i n g the f i e l d 
s c i e n t i s t s i n i t s design and the development of the procedures. 

Proper organization of the study management i s necessary f o r an 
e f f e c t i v e q u a l i t y assurance program. Each study i s d i r e c t e d by the 
s c i e n t i s t who w i l l write the f i n a l report but may be a s s i s t e d by a 
coordinator. The coordinator also u s u a l l y a s s i s t s the study d i r e c 
to r i n designing the study. A l l questions about the t r i a l during 
i t s conduct i n the f i e l d go to the study d i r e c t o r or the 
coordinator. 

The t r i a l records, as well as being complete, c o r r e c t , and 
usable, must be e a s i l y traced throughout the t r i a l . The data forms, 
standard operating procedures, test substance records, e t c . were de
signed by the people that would use them with input from the Q u a l i t y 
Assurance Section, when needed. 

An i n s p e c t i o n program f o r f i e l d t r i a l s was developed that pro
vides reasonable assurance that the studies are being conducted ac
cording to the protocol and the GLP r e g u l a t i o n s . It was deemed im
p r a c t i c a l to inspect each t r i a l so the procedures used by the f i e l d 
s c i e n t i s t s are inspected and i t i s assumed that a l l of the t r i a l s 
done by that t r i a l i s t are conducted s i m i l a r l y . At l e a s t annual 
inspections are made at each s i t e except f o r complex studies where 
multiple inspections are u s u a l l y made. 
R E C E I V E D January 29, 1988 
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Chapter 15 

Quality Assurance in Contract Laboratories 
Commitment to Excellence 

Charles R. Ganz and Kathleen H. Faltynski 

EN-CAS Analytical Laboratories, 2359 Farrington Point Drive, 
Winston-Salem, NC 27107 

The present pape
laboratory's approach to setting up and operating a 
successful quality assurance (QA) program. The 
discussion -focuses on the QA philosophy of the 
laboratory, the ingredients included in the QA 
program to help make it viable, and the 
responsibilities which both sponsor and contract 
laboratory must accept in order to optimize the 
contracting relationship and produce quality 
studies. 

The main product of the contract analytical laboratory is numbers. 
A number is an abstract entity. Unlike more tangible items, its 
quality cannot be estimated by conventional means such as taking it 
for a test drive or plugging it into an electrical outlet to see if 
it operates. In order to evaluate the quality of a numerical 
result, a sponsor must look beyond the number itself to the 
1aboratory which generated it; to its people, its integrity ... in 
short, its commitment to excellence. 

What Constitutes Excellence 

What constitutes excellence? In rather simple terms, excellence in 
the contract laboratory can be defined as producing work which 
consistently meets high standards of quality. Emphasis is placed 
on consistency since without this factor the sponsor's confidence 
and trust in the laboratory will quickly evaporate. In more 
specific terms, a contract laboratory committed to quality work 
should perform its work in a way which builds and maintains mutual 
confidence between sponsor and laboratory. At a minimum, the 
laboratory should strive to ensure that the work being done 
satisfies the sponsor's study objectives and is produced promptly 
and accurately. In addition, frequent communication between the 
contract laboratory and the sponsor helps to assure the sponsor 
that adequate progress is being made and that problems are being 
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p r o m p t l y a d d r e s s e d . L i k e w i s e , t h e p r e s e n c e o f w e l 1 - d o c u m e n t e d 
r e s u l t s a n d w e l l - o r g a n i z e d s t u d y - f i l e s g i v e s t h e s p o n s o r a s t r o n g 
i n d i c a t i o n t h a t t h e i r s t u d y i s b e i n g p r o p e r l y c o n t r o l l e d a n d 

m a n a g e d . 
F i n a l l y , t h e c o n t r a c t l a b s h o u l d make a c o n c e r t e d e f f o r t t o 

a s s e s s t h e s c i e n t i f i c v a l i d i t y a n d r e a s o n a b l e n e s s o f t h e a n a l y t i c a l 
d a t a b e f o r e r e p o r t i n g i t t o t h e s p o n s o r . R e p o r t i n g o f o b v i o u s 
o u t l i e r s c a n q u i c k l y e r o d e a s p o n s o r ' s c o n f i d e n c e i n t h e 
l a b o r a t o r y ' s d a t a r e v i e w p r o c e s s a n d t h u s i n t h e s t u d y ' s r e s u l t s . 
T h e r e i s a g r o w i n g t e n d e n c y on t h e p a r t o f a n a l y t i c a l l a b o r a t o r i e s 
t o a c c e p t r e s u l t s g e n e r a t e d by s o p h i s t i c a t e d i n s t r u m e n t s a n d 
c o m p u t e r s a s i n h e r e n t l y c o r r e c t . A l l t o o o f t e n c o n c e p t u a l a n d 
m a n i p u l a t i v e e r r o r s ( m i s p l a c e d d e c i m a l p o i n t s , t r a n s p o s i t i o n 
e r r o r s , f o r g o t t e n d i l u t i o n s , e t c . ) a r e h i d d e n b e n e a t h t h e p r ima 
f a c i e v a l u e c a l c u l a t e d by t h e c o m p u t e r . The l a b o r a t o r y ' s s t u d y 
d i r e c t o r a n d d a t a r e v i e w e r s , b e f o r e g i v i n g f i n a l a p p r o v a l t o a 
s t u d y , s h o u l d l o o k a t t h
e x p e c t e d t r e n d s o r r e s u l t s
o r l o w e r t h a n a n t i c i p a t e d r e s i d u e s , o r i n v e r s e r e l a t i o n s h i p s 
b e t w e e n a p p l i c a t i o n r a t e s o r t i m e - a f t e r - a p p l i c a t i o n a n d r e s i d u e s 
f o u n d , s h o u l d p r o m p t t h e l a b o r a t o r y t o i n s p e c t t h e s a m p l e s , s a m p l e 
h i s t o r y , a n d t h e a n a l y t i c a l d a t a t o e n s u r e t h a t no p r o c e d u r a l 
e r r o r s a r e e v i d e n t . T h i s may i n v o l v e r e a n a l y z i n g s e l e c t e d s a m p l e s 
t o o b t a i n c o n f i r m i n g r e s u l t s . I f no e r r o r s a r e f o u n d t h e n a 
d i s c u s s i o n o f t h e f i n d i n g s w i t h t h e s p o n s o r may l e a d t o a p o s s i b l e 
e x p l a n a t i o n f o r t h e i n c o n s i s t e n t d a t a . Some common o c c u r r e n c e s 
w h i c h we h a v e f o u n d r e s p o n s i b l e f o r i n c o n s i s t e n t r e s u l t s i n c l u d e 
l a b e l i n g e r r o r s , a c c i d e n t a l i n t e r c h a n g e o f s a m p l e s d u r i n g 
c o l l e c t i o n o r p r o c e s s i n g , n o n - r e p r e s e n t a t i v e s a m p l e s , l a b o r f i e l d 
c o n t a m i n a t i o n , u n u s u a l b i n d i n g o f a n a l y t e t o s u b s t r a t e a n d 
i n c o r r e c t c o m m u n i c a t i o n o f a c t i v e i n g r e d i e n t c o n t e n t by t h e 
s p o n s o r . 

The a b o v e l i s t i n g s u g g e s t s t h a t t h e i n f o r m a t i o n a l a n d 
m e c h a n i c a l , a s w e l l a s t h e s c i e n t i f i c a s p e c t s o f t h e w o r k m u s t a l l 
be o p t i m i z e d t o e n s u r e r e s u l t s o f c o n s i s t e n t q u a l i t y . 

What M a k e s E x c e l l e n c e Happen 

The a c h i e v e m e n t o f e x c e l l e n c e r e q u i r e s a c o n c e r t e d e f f o r t a n d 
c o m m i t m e n t a t a l l l e v e l s o f t h e o r g a n i z a t i o n . M a n a g e m e n t m u s t 
i n i t i a t e t h i s e f f o r t by m a k i n g i t c l e a r t o a l l p e r s o n n e l t h a t 
q u a l i t y i s t h e o v e r r i d i n g o b j e c t i v e o f t h e o r g a n i z a t i o n . 
( A l t h o u g h , i n a c a p i t a l i s t s y s t e m , p r o f i t i s s a i d t o be t h e p r i m a r y 
o b j e c t i v e o f a c o m m e r c i a l e n t e r p r i s e , i n o u r e x p e r i e n c e , q u a l i t y 
a n d p r o f i t seem t o go h a n d i n h a n d ) . M a n a g e m e n t ' s c o m m i t m e n t m u s t 
g i v e more t h a n j u s t l i p s e r v i c e t o t h e i d e a o f q u a l i t y . I t s 
c o m m i t m e n t m u s t be b a c k e d up by a c t i o n s t h a t d e m o n s t r a t e t o t h e 
s t a f f t h a t management i s w i l l i n g t o p a y t h e p r i c e o f r e j e c t i n g a n d 
r e w o r k i n g r e s u l t s t h a t do n o t m e a s u r e up t o t h e l a b o r a t o r y ' s 
q u a l i t y s t a n d a r d s . The c o m m i t m e n t e q u a t i o n i s c o m p l e t e o n l y when 
t h e l a b o r a t o r y ' s s t a f f f u l l y a c c e p t t h e i m p o r t a n c e o f t h e q u a l i t y 
o b j e c t i v e t o t h e s u c c e s s o f t h e o r g a n i z a t i o n . 

To e n s u r e t h e g r o w t h o f t h e q u a l i t y o b j e c t i v e , management m u s t 
r e s i s t b o t h i n t e r n a l a n d e x t e r n a l p r e s s u r e s w h i c h m i g h t s u b v e r t i t s 
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g o a l s . S u c h p r e s s u r e s m i g h t i n c l u d e s t a f f r e s i s t a n c e a n d 
u n r e a l i s t i c d e a d l i n e s . Once t h e c l i m a t e -for a c h i e v i n g e x c e l l e n c e 
i s c r e a t e d by m a n a g e m e n t , t h e n t h e i n t r o d u c t i o n o f a w e l l 
t h o u g h t - o u t q u a l i t y a s s u r a n c e <QA) p r o g r a m c a n s e r v e a s a -framework 
-for p r o d u c i n g q u a l i t y w o r k . 

O b j e c t i v e s a n d S t r a t e g i e s U s e d i n F o r m u l a t i n o t h e QA P r o o r a m 

D u r i n g t h e v e r y e a r l y s t a g e s o-f - f o r m u l a t i n g o u r QA p r o g r a m , we s e t 
a s o u r u n d e r l y i n g g o a l t h e c r e a t i o n o-f a p r o g r a m w h i c h w o u l d n o t 
o n l y meet g o v e r n m e n t - m a n d a t e d g o o d l a b o r a t o r y p r a c t i c e <GLP) 
r e q u i r e m e n t s , b u t w o u l d a l s o s e r v e a s a -framework -for 
o r g a n i z a t i o n a l e x c e l l e n c e . 

In d e v e l o p i n g t h e s t r a t e g i e s t o be u s e d i n s e t t i n g up t h e QA 
p r o g r a m , we c o n c l u d e d t h a t , t o be e f f e c t i v e , t h e p r o g r a m n e e d e d t o 
be p r a c t i c a l a n d a c h i e v a b l e . In o t h e r w o r d s , i t n e e d e d t o be 
d e s i g n e d t o m i n i m i z e i m p e d a n c
t i m e , be r e l a t i v e l y e a s
In a d d i t i o n , t h e p r o g r a m n e e d e d t o be f l e x i b l e e n o u g h t o a l l o w f o r 
t h e e x e r c i s e o f s c i e n t i f i c j u d g e m e n t a n d c r e a t i v i t y a n d t o a l l o w 
t h e l a b o r a t o r y t o r e s p o n d t o r e a l - w o r l d s i t u a t i o n s w h e r e t i m e 
r e q u i r e m e n t s a n d s t u d y v a r i a b l e s c o u l d n o t a l l be p r e d i c t e d a h e a d 
o f t i m e . 

Our e f f o r t s t o d e s i g n a p r o g r a m w h i c h s a t i s f i e d t h e a b o v e 
r e q u i r e m e n t s b e g a n w i t h an e x h a u s t i v e r e v i e w o f e v e r y a s p e c t o f o u r 
w o r k f l o w . E v e r y p o t e n t i a l s t e p , f r o m t h e i n i t i a l c o n t a c t by t h e 
s p o n s o r t h r o u g h a r c h i v i n g t h e f i n a l r e p o r t a n d p r e p a r i n g f o r a 
p o s s i b l e c l i e n t o r a g e n c y a u d i t , w a s i d e n t i f i e d a n d c r i t i c a l l y 
e v a l u a t e d . B e f o r e a c c e p t i n g a s t e p a s a n e c e s s a r y o p e r a t i o n t o be 
a d d r e s s e d i n t h e l a b o r a t o r y ' s QA p r o g r a m , we a s k e d o u r s e l v e s t h e 
f o l l o w i n g q u e s t i o n s : 

- I s t h e o p e r a t i o n n e c e s s a r y ? 
- Who s h o u l d be r e s p o n s i b l e ? 
- What d e t a i l e d p r o c e d u r e s s h o u l d be f o l l o w e d ? 
- Do t h e p r o c e d u r e s a l l o w f o r s c i e n t i f i c j u d g e m e n t ? 
- A r e t h e p r o c e d u r e s r e a l i s t i c a n d p r a c t i c a l ? 
- What d o c u m e n t a t i o n w i l l be n e e d e d ? 
- Who a n d w h a t f i l e s s h o u l d r e c e i v e c o p i e s o f t h e 

d o c u m e n t a t i o n ? 
- A n d , f i n a l l y , i s t h e r e a s i m p l e r way t o a c c o m p l i s h t h e same 

r e s u l t ? 

W i t h a d e t a i l e d f l o w c h a r t o f l a b o r a t o r y o p e r a t i o n s i n h a n d , 
we s e t o u t t o d e s i g n a QA m a n u a l w h i c h w o u l d n o t s i m p l y c o n t a i n a 
s e r i e s o f s t a n d a r d o p e r a t i n g p r o c e d u r e s ( S O P ' s ) b u t w o u l d , i n 
a d d i t i o n , s e r v e a s a t r a i n i n g a n d r e f e r e n c e m a n u a l f o r p r o d u c i n g 
q u a l i t y w o r k i n t h e l a b o r a t o r y . The m a n u a l w o u l d e s t a b l i s h 
p e r f o r m a n c e s t a n d a r d s a s w e l l a s s p e c i f y p r o c e d u r e s f o r m o n i t o r i n g 
t h e q u a l i t y o f l a b o r a t o r y o p e r a t i o n s , f o r c o r r e c t i n g o p e r a t i o n a l 
d e f i c i e n c i e s , a n d f o r i n s t i t u t i n g i m p r o v e d o p e r a t i n g p r o c e d u r e s . 

The t o p i c s i n c l u d e d i n t h e E N - C A S QA m a n u a l a r e l i s t e d i n 
T a b l e I . We h a v e f o u n d t h a t t h e s e m a j o r d i v i s i o n s f o r m a l o g i c a l 
f r a m e w o r k i n t o w h i c h t h e i n d i v i d u a l S O P ' s c a n be i n s e r t e d . 
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TABLE I. STANDARD OPERATING PROCEDURES C L A S S I F I C A T I O N S 

I 
SECTION i T I T L E 

I 
I 

1.0 I GENERAL REQUIREMENTS 
I 

11.0 I SAMPLE HANDLING AND TRACKING 
I 

I I I . O I LABORATORY OPERATING PROCEDURES 
I 

IV .O I ANALYTICAL METHODS 
I 

V . O I DATA HANDLING AND DOCUMENTATION PROCEDURES 
I 

V I . 0 I RECORD K E E P I N
I 

V I 1 . 0 I REPORT WRITING AND APPROVAL 
I 

V I I I . 0 I QUALITY ASSURANCE 
I 

I X . 0 I SEQUENCE OF EVENTS FLOWCHART <STUDY SEGMENTS 
I AND DOCUMENTATION) 

A s c a n be s e e n i n T a b l e I I , t h e s u b t o p i c s i n t h e L a b o r a t o r y 
O p e r a t i o n s s e c t i o n i n c l u d e b o t h v e r y s p e c i f i c S O P ' s f o r i n s t r u m e n t 
o p e r a t i o n a s w e l l a s a number o f g e n e r i c S O P ' s w h i c h s e r v e a s 
t r a i n i n g g u i d e s f o r c o n d u c t i n g a n a l y t i c a l s t u d i e s . 

T o a i d t h e a n a l y s t i n p r o v i d i n g n e c e s s a r y d o c u m e n t a t i o n , f o r m s 
w e r e d e v e l o p e d w h i c h p r o m p t e d a n a l y s t s t o e n t e r t h e n e e d e d 
i n f o r m a t i o n . One s u c h f o r m i s i l l u s t r a t e d i n F i g u r e 1 . The t o p 
s e c t i o n s o f t h e " S t a n d a r d s P r e p a r a t i o n S h e e t " shown i n t h e f i g u r e 
d i r e c t t h e a n a l y s t t o p r o v i d e a w i d e r a n g e o f i n f o r m a t i o n deemed 
e s s e n t i a l f o r m a i n t a i n i n g an a d e q u a t e a u d i t t r a i l . In a d d i t i o n , 
t h e i n f o r m a t i o n i n t h e u p p e r r i g h t h a n d c o r n e r i n s t r u c t s t h e 
a n a l y s t on t h e p r o p e r d i s t r i b u t i o n o f t h e m u l t i p l e c o p i e s o f t h e 
f o r m . 

Our f i n a l s t r a t e g y f o r i m p l e m e n t i n g a s u c c e s s f u l q u a l i t y 
a s s u r a n c e p r o g r a m i n v o l v e d t h e s e l e c t i o n o f a QA O f f i c e r (QAO) who 
w o u l d be c a p a b l e o f c a r r y i n g o u t b o t h t h e l e t t e r a n d t h e s p i r i t o f 
t h e p r o g r a m . W i t h o u r h o l i s t i c a p p r o a c h t o a c h i e v i n g e x c e l l e n c e , 
we s e t a s one o f o u r s e l e c t i o n c r i t e r i a t h a t t h e p e r s o n h a v e t h e 
r e q u i s i t e e d u c a t i o n a n d e x p e r i e n c e t o p e r m i t an i n - d e p t h 
u n d e r s t a n d i n g o f b o t h t h e m e c h a n i c a l a n d t h e s c i e n t i f i c a s p e c t s o f 
l a b o r a t o r y o p e r a t i o n s . T o h e l p e n s u r e t h a t t h e p r o g r a m w o u l d be 
m a n a g e d i n a p r a c t i c a l m a n n e r , t h e s u c c e s s f u l c a n d i d a t e f o r t h e QAO 
p o s i t i o n w a s a s s i g n e d t o w o r k a s an a n a l y s t i n o u r l a b o r a t o r i e s f o r 
s i x m o n t h s p r i o r t o a s s u m i n g t h e QA O f f i c e r ' s r e s p o n s i b i l i t i e s . 
T h i s " h a n d s - o n " e x p e r i e n c e p r o v i d e d t h e i n c u m b e n t w i t h an e s s e n t i a l 
p e r s p e c t i v e on w h a t may o r may n o t be r e a l i s t i c t o e x p e c t i n 
l a b o r a t o r y o p e r a t i o n s . 
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T a b l e I I . D E T A I L S OF SECTION I I I OF QA MANUAL 

1 SOP 
1Number 

I R e v i s i o n l 
1 Number 1 
1 I 

T i t l e 1 

1111 —1 1 0 1 
1 1 
i i 

GENERAL LABORATORY PROCEDURES A P P L I C A B L E 1 
T

I I I I-2 
1 1 
1 0 1 
i i 

HANDLING BULK CHEMICALS 1 

I I I 1-3 
i i 
i 0 1 
1 1 

PREPARING STANDARDS AND REAGENTS 1 

I I I I - 4 
1 1 

1 0 1 
1 1 

PREPARING AND CLEANING GLASSWARE 1 

1111-5 
1 1 
1 0 1 
1 1 

PREPARING SAMPLES FOR A N A L Y S I S 1 

i l l 1-6 
1 1 
1 0 I 
1 1 

EXTRACTING ANALYTES 1 

I I I I - ? 
1 I 

1 0 I 
1 1 

C L E A N - U P PROCEDURES FOR EXTRACTS 1 

I I I1-8 
1 1 
1 0 1 
1 1 

CONCENTRATION PROCEDURES FOR EXTRACTS 1 

I I I 1-9 
1 1 
1 0 1 
1 1 
1 1 
1 1 
1 1 

GENERAL P R A C T I C E S FOR USING AND M A I N - 1 
T A I N I N G MEASUREMENT INSTRUMENTS 1 
<SEE SEPARATE PAGE FOR L I S T I N G S OF S O P ' s 1 
FOR I N D I V I D U A L INSTRUMENTS) 1 

I I I I-10 
1 1 
1 0 1 QUALITY CONTROL PROCEDURES 1 

In Good Laboratory Practices; Garner, W., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1988. 



112 GOOD LABORATORY PRACTICES 

EN-CAS LABORATORIES 

STANDARD PREPARATION SHEET 

Part 1 - Stock Solutions 

Analyst 
Name 

Bal Mod/Ser. tt 
Si gnature 

(NOM) 
Balance Check Ut. 1 

Balance Check Ut. 2 

IWhite Copy Notebook 
IPink Copy Std Registry(QA) 
lYellow Copy Job File 
I (Use Xerox Copies o-f White Copy 
I To Cross Reference Multiple 
I Analytes in Stds Registry) 
I 

Date 
Notebook Re-f. 

(FOUND) 
Job 

SUPER STOCK IDENTIFYIN

Analyte 1 Analyte 2 

Name 
E Number 
Source 
Batch Code 
V. Purity 
Appearance 
Expiration Date 

SUPER STOCK PREPARATION 

Analyte 3 Analyte 4 

Tare + 
Tare 
Ut or Vol Used 
Dec . V. Pur i ty 
Ut. or Vol. 

Active Ingred. 
Solvent ID 
Vol. Solv. Used 
Concentrat i on 

MIXED STOCK PREPARATION (if necessary) 

Vol Super Stock Used (1) ml + <2) ml + (3) ml + (4) ml 

in total volume of ml of (solvent) 

Cone, of Mixed Stock (1) ug/ml + (2) ug/ml + (3) ug/ml + (4) ml 

COMMENTS ( i .e . , diff icultly in dissolving, etc.) 

F i g u r e 1. S t a n d a r d P r e p a r a t i o n S h e e t 
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S i n c e t h e QAO i s , by d e f i n i t i o n , p l a c e d i n t h e p o s i t i o n o f 
c r i t i c a l l y e v a l u a t i n g r e s u l t s g e n e r a t e d by t h e s c i e n t i f i c s t a f f , we 
f e l t i t e s s e n t i a l t h a t t h e QAO h a v e t h e r e q u i s i t e m a t u r i t y a n d 
d i p l o m a t i c s k i l l t o e a r n t h e s u p p o r t a n d r e s p e c t o f t h e s t a f f . The 
QAO c o u l d t h e n u s e t h e s e a t t r i b u t e s t o c o n v e r t a n a t u r a l l y 
a d v e r s a r i a l r e l a t i o n s h i p t o a c o o p e r a t i v e one a n d t h u s p r o v i d e t h e 
s p r i n g b o a r d f o r p o s i t i v e c h a n g e . C o n s e q u e n t l y , t h e QAO n e e d e d t o 
be t o u g h - m i n d e d e n o u g h t o e n f o r c e t h e QA r e q u i r e m e n t s b u t 
o p e n - m i n d e d e n o u g h t o a l l o w f o r an e x c h a n g e o f i d e a s r e g a r d i n g QA 
o p e r a t i o n s . 

From m a n a g e m e n t ' s p e r s p e c t i v e , t h e QAO n e e d e d t o be c a p a b l e o f 
c r i t i c a l l y e v a l u a t i n g l a b o r a t o r y o p e r a t i o n s , r e c o g n i z i n g t h e n e e d 
f o r c h a n g e s a n d i m p r o v e m e n t s , a n d r e c o m m e n d i n g p r a c t i c a l 
a l t e r n a t i v e s . In t u r n , t h e QAO w o u l d n e e d no l e s s t h a n f u l l 
management s u p p o r t i n o r d e r t o p r o p e r l y e x e c u t e t h e QA u n i t ' s r o l e 
a s t h e p u r v e y o r o f e x c e l l e n c e . We, t h e r e f o r e , deemed i t p r u d e n t 
a n d n e c e s s a r y t o h a v e t h
m a n a g e m e n t . 

F u n c t i o n s P e r f o r m e d by t h e QAU 

We h a v e i d e n t i f i e d f i v e f u n c t i o n a l a r e a s i n w h i c h o u r QA u n i t 
s h o u l d o p e r a t e . T h e s e a r e a s i n c l u d e i n s p e c t i o n , r e p o r t i n g , 
r e c o r d - k e e p i n g , c u s t o d i a l a n d a d v i s o r y . The m a i n t a s k s p e r f o r m e d 
i n e a c h f u n c t i o n a l a r e a c a n be s u m m a r i z e d a s f o l l o w s : 

I n s p e c t i on 

- R e v i e w i n g a l l raw d a t a a n d a n a l y t i c a l r e s u l t s . 
- R e v i e w i n g f i n a l s t u d y r e p o r t s . 
- I n s p e c t i n g n o t e b o o k s , u s e - l o g s , f a c i l i t i e s , l a b o p e r a t i o n s a n d 

a n a l y s t ' s l a b o r a t o r y p r a c t i c e s . 
- P e r f o r m i n g , upon r e q u e s t by t h e s p o n s o r , o n - s i t e i n s p e c t i o n s 

f o r s e l e c t e d f i e l d s t u d i e s . 
- P a r t i c i p a t i n g i n l a b a u d i t s p e r f o r m e d by s p o n s o r s a n d 

a g e n c i e s . 

R e p o r t i no 

- I s s u i n g i n s p e c t i o n r e p o r t s t o t h e s t u d y d i r e c t o r a n d 
m a n a g e m e n t . 

- I s s u i n g s i g n e d QA i n s p e c t i o n s t a t e m e n t s f o r a l l s t u d y r e p o r t s . 

R e c o r d K e e p i n o 

- R e c e i v i n g c o p i e s o f a l l s t u d y p r o t o c o l s . 

- M a i n t a i n i n g a m a s t e r l i s t o f s t u d i e s . 
- U p d a t i n g a n d m a i n t a i n i n g t h e QA m a n u a l . 
- M a i n t a i n i n g a r e g i s t r y d o c u m e n t i n g t h e p r e p a r a t i o n o f 

a n a l y t i c a l s t a n d a r d s o l u t i o n s . 
- M a i n t a i n i n g a f i l e o f c u r r i c u l a v i t a e f o r a l l l a b p e r s o n n e l . 
- O v e r s e e i n g t h e a r c h i v e s o f c o m p l e t e d s t u d y f i l e s . 
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T r a i n i n g . 

- O r i e n t i n g new e m p l o y e e s t o QA p r o c e d u r e s . 
- T r a i n i n g e m p l o y e e s i n new a n d m o d i f i e d QA p r o c e d u r e s . 
- R e f r e s h e r t r a i n i n g i n e x i s t i n g QA p r o c e d u r e s . 

C u s t o d i a l 

- C u s t o d i a n o f a n a l y t i c a l r e f e r e n c e s t a n d a r d s , r e c e i v i n g a n d 
c a t a l o g i n g i n c o m i n g s t a n d a r d s , d i s c a r d i n g e x p i r e d s t a n d a r d s . 

- I n s u r i n g t h a t s h a r e d l a b o r a t o r y a r e a s a r e k e p t o r g a n i z e d a n d 
mai n t a i n e d . 

Adv i s o r y 

- A d v i s i n g management a b o u t g e n e r a l QA p r o b l e m s a n d n e e d s , 
r e c o m m e n d i n g c o r r e c t i v

- B a s e d on i n s p e c t i o n s
d i r e c t o r s w h e r e a n d how t o i m p r o v e t h e i r QA p r a c t i c e s . 

The S p o n s o r ' s R o l e i n P r o d u c i n g Q u a l i t y Work 

A s h a r d a s a c o n t r a c t l a b o r a t o r y may t r y , i t c a n n o t g e n e r a t e 
q u a l i t y s t u d i e s f r o m i t s e f f o r t a l o n e . The s p o n s o r m u s t be a 
p a r t n e r i n t h e p u r s u i t o f e x c e l l e n c e . D r a w i n g f r o m o u r e x p e r i e n c e , 
we h a v e t a r g e t e d s e v e r a l a r e a s i n w h i c h s u f f i c i e n t s u p p o r t f r o m o u r 
s p o n s o r s i s f r e q u e n t l y l a c k i n g . A d d i t i o n a l s p o n s o r a t t e n t i o n t o 
p r o v i d i n g a s s i s t a n c e i n t h e a r e a s c i t e d w o u l d a l m o s t c e r t a i n l y 
i n c r e a s e t h e l i k e l i h o o d o f p r o d u c i n g h i g h e r q u a l i t y s t u d y r e s u l t s . 
Some o f t h e s e t a s k s may be d e l e g a t e d by t h e s p o n s o r t o t h e c o n t r a c t 
l a b o r a t o r y . H o w e v e r , s u c h a s s i g n m e n t s m u s t be c l e a r l y s p e c i f i e d by 
t h e s p o n s o r a t t h e o u t s e t o f t h e s t u d y . 

The s p o n s o r n e e d s t o p r o v i d e a c l e a r i d e a o f w h a t t h e s t u d y 
w i l l a c t u a l l y i n v o l v e . V a g u e d e s c r i p t i o n s o f t h e s t u d y 
r e q u i r e m e n t s make p r o p e r p l a n n i n g v i r t u a l l y i m p o s s i b l e . The s t u d y 
p r o t o c o l n e e d s t o i n c l u d e a d e t a i l e d a n a l y t i c a l s e c t i o n w r i t t e n 
e i t h e r by t h e s p o n s o r o r by t h e c o n t r a c t l a b a f t e r c o n s u l t a t i o n 
w i t h t h e a n a l y t i c a l d e p a r t m e n t o f t h e s p o n s o r . T h i s i n c r e a s e s t h e 
l i k e l i h o o d o f a n t i c i p a t i n g p o t e n t i a l p r o b l e m s . One o r more c o n t a c t 
p e r s o n s s h o u l d be d e s i g n a t e d by t h e s p o n s o r t o s u p p l y a d d i t i o n a l 
i n f o r m a t i o n a b o u t t h e s t u d y , t h e t e s t m a t e r i a l , a n d a n a l y t i c a l 

m e t h o d s a s n e e d s a r i s e d u r i n g t h e s t u d y . S u f f i c i e n t l e a d t i m e 
s h o u l d be g i v e n t o t h e c o n t r a c t l a b b o t h t o g a i n an u n d e r s t a n d i n g 
o f t h e a n a l y t i c a l r e q u i r e m e n t s o f t h e s t u d y a n d t o make p r o v i s i o n 
f o r r e a l i s t i c s c h e d u l i n g . 

P r i o r t o a f i e l d s t u d y , e n o u g h u n t r e a t e d c o n t r o l m a t e r i a l 
s h o u l d be p r o v i d e d t o a l l o w t h e l a b t o d e v e l o p a n d v a l i d a t e 
a d e q u a t e a n a l y t i c a l m e t h o d s . The c o n t r o l m a t e r i a l s h o u l d m a t c h t h e 
t e s t s a m p l e s a s c l o s e l y a s p o s s i b l e t o m i n i m i z e t h e m a t r i x 
v a r i a t i o n s w h i c h m i g h t a f f e c t t h e p e r f o r m a n c e o f t h e m e t h o d . 
D e v e l o p m e n t a n d v a l i d a t i o n o f a m e t h o d u s i n g a m a t r i x w h i c h d o e s 
n o t c l o s e l y r e s e m b l e t h e a c t u a l t e s t m a t r i x f r e q u e n t l y r e s u l t s i n a 
m e t h o d w h i c h i s n o t a d e q u a t e f o r t h e a c t u a l s t u d y s a m p l e s . The 
m e t h o d r e v i s i o n s r e q u i r e d i n s u c h a c a s e r e p r e s e n t a c l e a r w a s t e o f 
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t i m e a n d m o n e y . S u f f i c i e n t c o n t r o l m a t e r i a l s h o u l d a l s o be 
p r o v i d e d a l o n g w i t h t h e a c t u a l s t u d y s a m p l e s s o t h a t an a d e q u a t e 
number o f p r o c e d u r a l r e c o v e r i e s c a n be r u n d u r i n g t h e s t u d y . 
N a t u r a l l y , p r o p e r l y c e r t i f i e d a n a l y t i c a l s t a n d a r d s a r e r e q u i r e d , a s 
w e l l a s a l l t h e d e s c r i p t i v e i n f o r m a t i o n a b o u t t h e s t a n d a r d s w h i c h 
i s r e q u i r e d by GLP r e g u l a t i o n s . 

The s p o n s o r o r c o n t r a c t f a c i l i t y r e s p o n s i b l e f o r t h e f i e l d 
w o r k n e e d s t o o r g a n i z e t h e s a m p l e p a c k a g i n g a n d s h i p p i n g s o t h a t 
s a m p l e l o s s e s due t o b r e a k a g e a n d c r o s s - c o n t a m i n a t i o n a r e 
m i n i m i z e d . P a c k a g i n g s a m p l e s i n l o g i c a l g r o u p i n g s a l s o r e d u c e s 
s a m p l e h a n d l i n g a n d g r e a t l y a s s i s t s t h e c o n t r a c t l a b o r a t o r y i n 
p r o m p t l y c a t a l o g i n g s a m p l e s s o t h a t s a m p l e i n t e g r i t y i s n o t 
c o m p r o m i s e d a n d m i s s i n g s a m p l e s c a n be e a s i l y s p o t t e d . 

I t i s i m p o r t a n t t o i n c l u d e , i n a l l s h i p m e n t s , a s h i p p i n g l i s t 
w i t h a l o g i c a l s e t o f s a m p l e c o d e s , a s w e l l a s a k e y t o t h e i r 
i n t e r p r e t a t i o n . The s h i p p i n g l i s t s , i f p r o p e r l y d e s i g n e d and 
c e r t i f i e d , c a n s e r v e a
l a b o r a t o r y i s g i v e n a d e q u a t
s h i p p e d , i t c a n make p r o v i s i o n f o r s t o r i n g t h e s a m p l e s when t h e y 
a r r i v e o r f o r s w i f t l y i n i t i a t i n g t r a c i n g p r o c e d u r e s when s a m p l e s 
a r e n o t r e c e i v e d a t t h e e x p e c t e d t i m e . 

T h e r e a r e s e v e r a l o t h e r a c t i o n s , w h i c h , i n o u r e x p e r i e n c e , 
h a v e p r o v e n e x t r e m e l y u s e f u l i n h e l p i n g b u i l d q u a l i t y i n t o s t u d i e s . 
We h a v e , f o r e x a m p l e , f o u n d t h a t a s m a l l p r e - s t u d y , p e r f o r m e d p r i o r 
t o an a c t u a l s t u d y , w i l l f r e q u e n t l y u n c o v e r a m a j o r i t y o f t h e 
l o g i s t i c s p r o b l e m s l i k e l y t o be e n c o u n t e r e d i n t h e m a i n s t u d y . 
T h i s a p p r o a c h may n o t be n e e d e d f o r r o u t i n e s t u d i e s b u t c a n o f t e n 
make t h e d i f f e r e n c e b e t w e e n s u c c e s s a n d f a i l u r e i n a more c o m p l e x 
s t u d y . We h a v e s i m i l a r l y f o u n d t h a t h a v i n g a member o f o u r QA o r 
t e c h n i c a l s t a f f on s i t e d u r i n g t h e c r i t i c a l f i r s t f e w d a y s o f a 
f i e l d s t u d y o f t e n a l l o w s p o t e n t i a l s a m p l i n g a n d s a m p l e h a n d l i n g 
p r o b l e m s t o be s p o t t e d a n d r e c t i f i e d b e f o r e t h e q u a l i t y a n d 
i n t e g r i t y o f t h e s t u d y i s c o m p r o m i s e d . F i n a l l y , t h e p r a c t i c e o f 
f o r t i f y i n g known a m o u n t s o f t e s t m a t e r i a l i n t o u n t r e a t e d c o n t r o l s 
a t t h e t e s t s i t e i s s t r o n g l y e n c o u r a g e d . T h e s e s a m p l e s , when 
s h i p p e d , s t o r e d a n d a n a l y z e d a l o n g s i d e t h e a c t u a l s t u d y s a m p l e s , 
p r o v i d e a g o o d i n d i c a t i o n t h a t s a m p l e i n t e g r i t y h a s b e e n m a i n t a i n e d 
a n d a n a l y t i c a l m e t h o d o l o g y i s i n c o n t r o l . 

What a S p o n s o r S h o u l d E x p e c t f r o m t h e C o n t r a c t L a b 

The s p o n s o r , h a v i n g met i t s o b l i g a t i o n s i n p r o p e r l y l a y i n g t h e 
g r o u n d w o r k f o r a q u a l i t y s t u d y s h o u l d e x p e c t t h e c o n t r a c t 
l a b o r a t o r y t o assume i t s p r o p e r r o l e i n a s s u r i n g t h a t s t u d y q u a l i t y 
i s m a i n t a i n e d . 

A t a m i n i m u m , t h e s p o n s o r s h o u l d e x p e c t t h e c o n t r a c t l a b t o 
c o n s i s t e n t l y p r o d u c e a c c u r a t e r e s u l t s a n d t o p r o v i d e t h e s e r e s u l t s 
t o t h e s p o n s o r i n a t i m e l y m a n n e r . The c o n t r a c t l a b n e e d s t o 
d i s p l a y h o n e s t y a n d c a n d o r i n t h e i r s c h e d u l i n g e s t i m a t e s a n d i n 
r e p o r t i n g p r o b l e m s w h i c h may a r i s e f r o m t i m e t o t i m e . T h i s i s 
e s p e c i a l l y t r u e i f t h e p r o b l e m i s t h e r e s u l t o f an e r r o r on t h e 
c o n t r a c t l a b o r a t o r y ' s p a r t . T h i s w i l l be e a s i e r i f t h e l a b o r a t o r y 
h a s made an e f f o r t t o k e e p t h e l i n e s o f c o m m u n i c a t i o n o p e n a n d 
a c t i v e s o t h a t t h e s p o n s o r i s w e l l a w a r e o f t h e p r o g r e s s ( o r l a c k 
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t h e r e o f ) o f t h e s t u d y . A s p a r t o f t h i s c o m m u n i c a t i o n p r o c e s s , t h e 
c o n t r a c t l a b o r a t o r y s h o u l d be c a p a b l e a n d w i l l i n g t o p r o v i d e 
t e c h n i c a l a d v i c e r e g a r d i n g t h e a n a l y t i c a l a s p e c t s o f t h e s p o n s o r ' s 
s t u d y . F i n a l l y , t h e l a b o r a t o r y n e e d s t o m a i n t a i n d o c u m e n t a t i o n a n d 
f i l e s s u c h t h a t d a t a r e v i e w s by t h e s p o n s o r c a n be e a s i l y 
a c c o m p l i s h e d . The a c h i e v e m e n t o f a l l o f t h e s e g o a l s c a n be g r e a t l y 
f a c i l i t a t e d by h a v i n g i n p l a c e a QA p r o g r a m w h i c h b o t h m e e t s EPA 
r e q u i r e m e n t s a n d i s d e s i g n e d a n d o p e r a t e d t o e n s u r e t h e 
l a b o r a t o r y ' s c o n t i n u i n g c o m m i t m e n t t o p r o d u c i n g q u a l i t y w o r k . 

Some C o s t s a n d B e n e f i t s o f a Wei 1 - O p e r a t e d QA P r o o r a m 

L e t ' s l o o k a t t h e b a l a n c e s h e e t o f c o s t s a n d b e n e f i t s f o r a 
w e l 1 - o p e r a t e d QA p r o g r a m . 

On t h e c o s t s i d e , we c e r t a i n l y c a n e x p e c t an i n c r e a s e i n 
o v e r h e a d e x p e n s e s i n c e p e r s o n n e l a n d o f f i c e s p a c e w i l l be n e e d e d t o 
r u n t h e p r o g r a m . S i m i l a r l y
d o c u m e n t a t i o n r e q u i r e m e n t
r e d u c e t h e c o n t r a c t l a b o r a t o r y ' s a b i l i t y t o p r o v i d e q u i c k r e s p o n s e 
a n d t u r n a r o u n d t i m e i n r u s h a n d e m e r g e n c y s i t u a t i o n s . R e p o r t 
g e n e r a t i o n w i l l l i k e w i s e be s l o w e d . I t i s a l s o p r o b a b l e t h a t some 
s t a f f o b j e c t i o n s w i l l be r a i s e d . F i n a l l y , i f m a n a g e r s and QA 
i n s p e c t o r s a r e d o i n g t h e i r j o b s , t h e r e i s l i k e l y t o be an i n i t i a l 
i n c r e a s e i n t h e number o f w o r k p a c k a g e s r e t u r n e d t o a n a l y s t s f o r 
e i t h e r f u r t h e r d o c u m e n t a t i o n o r r e a n a l y s i s u n t i l s t a f f members 
l e a r n t o w o r k u n d e r t h e new r e q u i r e m e n t s . I t i s o u r c o n t e n t i o n a n d 
e x p e r i e n c e t h a t QA c o s t s c a n be c o n t r o l l e d a n d m i n i m i z e d i f 
management m a k e s a s t r o n g e f f o r t t o a n t i c i p a t e p o t e n t i a l p r o b l e m s 
a t t h e o u t s e t a n d d e s i g n s t h e QA p r o g r a m t o a d d r e s s t h e s e p r o b l e m s . 

What r e t u r n c a n management e x p e c t f r o m i t s i n v e s t m e n t i n a 
w e l 1 - o p e r a t e d QA p r o g r a m ? F i r s t l y , t h e QA p r o g r a m s h o u l d p r o d u c e 
an o b j e c t i v e , h o p e f u l l y u n b i a s e d , r e v i e w a n d i n s p e c t i o n s y s t e m f o r 
t h e l a b o r a t o r y ' s o p e r a t i o n s . T h i s s h o u l d a l m o s t c e r t a i n l y i n c r e a s e 
m a n a g e m e n t ' s c o n f i d e n c e i n t h e d a t a b e i n g g e n e r a t e d by t h e 
l a b o r a t o r y . I t i s d i f f i c u l t t o c o m p u t e a d o l l a r v a l u e f o r an 
i n t a n g i b l e a t t r i b u t e s u c h a s c o n f i d e n c e . H o w e v e r , h a v i n g i t i s 
l i k e l y t o a l l o w many m a n a g e r s ( a n d s p o n s o r s ) t o s l e e p b e t t e r e v e r y 
n i g h t . S e c o n d l y , i f , a s we h a v e s u r m i s e d i n f o r m u l a t i n g o u r QA 
p r o g r a m , t h e p r o g r a m i s t o s e r v e p a r t l y a s a t r a i n i n g v e h i c l e t h e n 
one r e s u l t s h o u l d be a b e t t e r - t r a i n e d s t a f f , m a k i n g f e w e r 
p r o c e d u r a l e r r o r s , a n d p r o d u c i n g b e t t e r s c i e n c e . T h i r d l y , t h e 
d o c u m e n t a t i o n r e q u i r e m e n t s o f a g o o d QA p r o g r a m s h o u l d r e s u l t i n 
b e t t e r o r g a n i z e d d a t a . T h i s i n t u r n s h o u l d r e d u c e t h e t i m e t h e 
s t a f f n e e d s t o s p e n d on d a t a r e v i e w a n d r e p o r t g e n e r a t i o n a s w e l l 
a s t h e t i m e r e q u i r e d i d e n t i f y i n g a n d u n c o v e r i n g t h e c a u s e s o f 
p r o b l e m s . A d d i t i o n a l l y , i f t h e QA p r o g r a m i s p r o p e r l y d e s i g n e d a n d 
o p e r a t e d , t h e l a b o r a t o r y s h o u l d be i n c o m p l i a n c e w i t h 
g o v e r n m e n t - m a n d a t e d GLP r e q u i r e m e n t s a n d t h u s s h o u l d e n c o u n t e r 
r e l a t i v e l y f e w p r o b l e m s i n s u p p o r t i n g t h e i r r e s u l t s d u r i n g a g e n c y 
a n d c l i e n t a u d i t s . 

F i n a l l y , t h e u l t i m a t e b e n e f i t o f a QA p r o g r a m w h i c h f o s t e r s a 
l a b o r a t o r y ' s c o m m i t m e n t t o e x c e l l e n c e s h o u l d be t h e p r o d u c t i o n o f 
h i g h q u a l i t y , s c i e n t i f i c s t u d i e s upon w h i c h r e a s o n e d , r e g u l a t o r y 
d e c i s i o n s c a n be b a s e d . 

R E C E I V E D January 29, 1988 
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Chapter 16 

University Response to Good 
Laboratory Practices 

Case History 

Terry D  Spittler 

Analytical Laboratories  University
Agricultural Experiment Station, Geneva, NY 14456-0462 

The Analytical Laboratories consist of twenty-two 
chemists in a variety of research activities includ
ing several Federally funded programs potentially 
answerable to GLP's. To assess the impending proce
dural and fiscal impact of GLP adherence on the 
Laboratories programs, a review of all phases was 
conducted at our request by EPA to establish the 
current level of compliance. A detailed response is 
presented, addressing both those tenets which may be 
met by procedural adjustment, and those mandates, 
particularly with regard to facilities and personnel, 
that resources and/or university policy will not 
permit meeting. Alternatives are discussed. 

University participation in programs that are regulatory in nature, 
or that are driven by regulatory procedures, occupy unique nitches 
in their respective academic communities. While certainly no 
operational description would be all encompassing, a few germane 
generalizations will help focus this discussion relative to Good 
Laboratory Practices. Very few (read that as "NO", with an escape 
clause) university entities exist solely as regulatory units, that 
i s , as f a c i l i t i e s , staff and program devoted to a particular 
statutory objective, answerable only to Agency personnel and super
vised entirely by its mandates. Instead, oversight plus technical 
and administrative direction is usually the responsibility of a 
university faculty member, assigned by the dean, who receives no 
direct salary support from the program — the % Faculty Year 
Equivalent is considered to be a contribution by the university. 
The activities within a program are a combination of research and 
routine determinations, with output subject to the discipline and 
peer review guidelines of the academic department in which a 
regulatory contingent resides. Finally, physical boundaries are 
indistinct at a university, with much space and equipment being for 
common use when and as needed. Thus, a regulatory unit existing 
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118 GOOD LABORATORY PRACTICES 

within a u n i v e r s i t y j u r i s d i c t i o n may be s t r i c t l y d e f i n e d i n time 
and d o l l a r s , but very l o o s e l y defined i n space. 

The nature of r e g u l a t o r y - d i r e c t e d studies i s also such t h a t , 
compared to basic research, they are frequently held i n low esteem 
by administrators and d i s c i p l i n e peers a l i k e . As u n j u s t as t h i s 
may sound, i t i s a f a c t of academic l i f e and those of us who are 
engaged i n these areas must l i v e and work with i t — some of i t i s 
j u s t i f i e d . There i s a c e r t a i n r e p e t i t i v e n e s s to these studies that 
obscures t h e i r s c i e n t i f i c merit and the o r i g i n a l research t h a t may 
have preceded these phases. U n f o r t u n a t e l y , i t i s t h i s mundane 
aspect that i s remembered when space and resource a l l o c a t i o n s are 
made. Any mandates t h a t r e i n f o r c e t h i s image of hackneyed data 
p r o d u c t i o n w i l l o n l y h u r t t h e p o s i t i o n of p r a c t i c a l a n d / o r 
regulatory programs. 

A l l of the above a l l u d e to the p o i n t t h a t r e g u l a t o r y p a r 
t i c i p a t i o n must c o e x i s
components of a u n i v e r s i t y
f u n d i n g , operation an
they be allowed to i n f r i n g e upon the academic and r e s e a r c h f u n c 
t i o n s . The simple e x p e d i e n t of h a v i n g the d i r e c t o r s ' s a l a r i e s 
u n i v e r s i t y (rather than program) derived assures that decisions can 
be made without undue i n f l u e n c e . 

THE CORNELL LABORATORY 

T h i s next segment pertains to the subject f a c i l i t y , the A n a l y t i c a l 
Laboratories, housed i n the Food S c i e n c e Department, C o l l e g e of 
L i f e Sciences, a statutory unit of C o r n e l l U n i v e r s i t y and the State 
U n i v e r s i t y of New York. I t i s l o c a t e d at the New Y o r k S t a t e 
A g r i c u l t u r a l Experiment S t a t i o n , Geneva, NY. Twenty-two chemists, 
p l u s support p e r s o n n e l , are engaged i n a v a r i e t y of r e s e a r c h , 
regulatory and contract endeavors, i n c l u d i n g : 
a. a regulatory contract with the D i v i s i o n s of Food I n s p e c t i o n 

and P l a n t Industries f o r a n a l y s i s of compliance and complaint 
sample components of feeds and f e r t i l i z e r s s o l d under the 
l a b e l i n g j u r i s d i c t i o n of the New York S t a t e Department of 
Ag r i c u l t u r e and Markets. 

b. a F e d e r a l l y funded minor use p e s t i c i d e r e g i s t r a t i o n program, 
with both f i e l d subcontracting and residue laboratory phases. 

c. s e v e r a l r e g i o n a l r e s e a r c h g r a n t s d e a l i n g w i t h p e s t i c i d e 
residue fate and metabolism, groundwater migration, a p p l i c a t o r 
e x p o s u r e , r i n s e water treatment and d i s p o s a l , and museum 
worker exposure to p r e s e r v a t i v e s . 

d. multiresidue methods development and a n a l y t i c a l contracts with 
industry, other departments at C o r n e l l , groundwater programs 
at s e v e r a l n o r t h e a s t e r n u n i v e r s i t i e s , and emergency analyses 
f o r l o c a l p r i v a t e operations having suspected leaks, s p i l l s or 
mi s a p p l i c a t i o n s . 

e. methods development, a n a l y s i s and b a s i c r e s e a r c h on con
tamination i n wines and s p i r i t s — i n v e s t i g a t i o n s sponsored by 
both p r i v a t e i n d u s t r i e s , and producer cooperatives. 

f . numerous c o o p e r a t i v e s t u d i e s w i t h o t h e r C o r n e l l f a c u l t y , 
ranging i n duration from se v e r a l weeks to several years. 
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No one program, regulatory or otherwise, has exceeded 30% of 
t o t a l budget. And the d i v e r s i f i c a t i o n i n t r a i n i n g and e x p e r i e n c e 
our s t a f f has received allows them to move between several projects 
as funds and workload d i c t a t e . Consequently, no p a r t i c u l a r area of 
endeavor e x e r t s a d i s p r o p o r t i o n a l i n f l u e n c e on p r i o r i t i e s , or 
procedures. 

While sample documentation and t r a c k i n g p r o t o c o l s , as w e l l as 
QA/QC procedures, have been i n place and i n e f f e c t f o r many y e a r s , 
t h e i r a p p l i c a t i o n i s t a i l o r e d to the needs and resources of each 
i n d i v i d u a l p r o j e c t , with some exploratory or field-feedback studies 
r e q u i r i n g much le s s v e r i f i c a t i o n than other regulatory or complaint 
s e r i e s . F l e x i b i l i t y i n e x p e r i m e n t a l d e s i g n i s i m p e r a t i v e i f a 
facet of an i n v e s t i g a t i o n i s to be completed i n accordance with i t s 
s i g n i f i c a n c e and a l l o c a t e d resources. However, s i n c e s e v e r a l of 
our programs are p o t e n t i a l l y answerable to GLP's, i t was deemed 
important that the l a b o r a t o r i e t l e v e l f complianc  b
e s t a b l i s h e d so as to accuratel
t i f i c impact to be f e l
GLP s t r u c t u r e . 

To t h i s end, an informal audit was conducted, by EPA p e r s o n 
n e l , of the l a b o r a t o r i e s i n general, and of some s p e c i f i c studies 
from which residue data had gone to EPA and been used i n regulatory 
d e c i s i o n making. Some of that report w i l l be c i t e d verbatum i n the 
next s e c t i o n . However, since subsequent i n t e r p r e t a t i o n s , a l t e r n a 
t i v e s and o p i n i o n s v o i c e d i n t h i s p r e s e n t a t i o n are those of the 
author or h i s academic colleagues, the EPA personnel declined to be 
f o r m a l l y a s s o c i a t e d with t h i s preparation and presentation of the 
case h i s t o r y . We acknowledge t h e i r e f f o r t s and i n p u t to t h i s 
paper, and we recognize that while they may not agree with some of 
i t s content; they w i l l have t h e i r views expressed i n other u n i t s of 
t h i s s e r i e s . 

THE AUDIT 

D e l e t i o n s from the o r i g i n a l r e p o r t h e r e i n c i t e d are to provide 
autonomy to personnel and p r o j e c t s and are not made to enhance or 
d i m i n i s h the p o s i t i o n of e i t h e r party with regard to the c e n t r a l 
question. 

"On February 10 and 11 (1987, we) met in Geneva, New York and 
i n f o r m a l l y audited the Good Laboratory P r a c t i c e s (GLP's) and p e r 
formed a Q u a l i t y Assurance (QA) a u d i t of ... projects chosen at 
random. It was intended for the laboratory personnel to understand 
t h a t the a u d i t p r o c e s s would be h e l p f u l to t h e i r organization and 
a l s o h e l p f u l to the ... program. The e n t i r e s t a f f of the Geneva 
l a b s p a r t i c i p a t e d i n the p r o c e s s i n a v e r y c o o p e r a t i v e and 
hospitable manner. 

The a u d i t was d i v i d e d i n t o two p a r t s : (1) G e n e r a l QA 
P r a c t i c e s and (2) Data A u d i t . A q u e s t i o n n a i r e as used by EPA's 
O f f i c e o f P e s t i c i d e Programs, Q u a l i t y Assurance O f f i c e , f o r 
I n t e r n a l Audits, was employed. A copy of the completed q u e s t i o n 
n a i r e i s ( n o t ) a t t a c h e d . From d i s c u s s i o n s , b a s e d on the 
q u e s t i o n n a i r e and o b s e r v a t i o n s made d u r i n g i n s p e c t i o n of the 
f a c i l i t i e s and from a d a t a a u d i t , a subjective summary regarding 
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general laboratory p r a c t i c e s , and i n t e g r i t y of s p e c i f i c data f o l 
lows. 

I. General Q u a l i t y Assurance P r a c t i c e s 
A. Organization of the A n a l y t i c a l Laboratories i s well defined 

by area of r e s p o n s i b i l i t y i n t o two s e c t i o n s : 
1. P e s t i c i d e - T o x i c Chemicals Section; and 
2. Feed and F e r t i l i z e r Section. 
However, the l a b o r a t o r i e s share common f a c i l i t i e s such as 
shipping and r e c e i v i n g , p u r c h a s i n g , s t o r a g e space, e t c . , 
with the e n t i r e Food Science and Technology Department. 

B. Q u a l i t y Assurance Program i s the r e s p o n s i b i l i t y of a QA 
O f f i c e r who i n turn i s chairperson of a QA Committee. The 
elements of the QA Program are presented i n the "Laboratory 
Q u a l i t y Assurance Manual." August 1986. 

C. Personnel are knowledgeabl d w e l l - t r a i n e d t  d  th
a s s i g n e d t a s k s
Turnover of personne
l a b o r a t o r i e s ; t h e r e f o r e, experience of even j u n i o r person
n e l i s f a r above average. 

D. A t t i t u d e of Management and s t a f f to GLP's and QA i s very 
good. Everyone r e c o g n i z e s the need and a p pears t o be 
i n t e r e s t e d i n implementing necessary p r a c t i c e s to assure 
i n t e g r i t y of data. 

E. The l a b o r a t o r y a u d i t and d a t a a u d i t were concerned with 
o n l y t h e P e s t i c i d e - T o x i c C h e m i c a l s S e c t i o n of t h e 
l a b o r a t o r y . G e n e r a l comments on these areas of respon
s i b i l i t i e s follow: 
1. S t u d i e s or p r o j e c t s do not have a plan f o r QA which was 

reviewed/administered by the QA O f f i c e r . (Some d i s 
c u s s i o n s i n d i c a t e d that the QA O f f i c e r has not been too 
involved with p e s t i c i d e analyses.) 

2. Methods of sample h a n d l i n g are w e l l documented and 
a s s u r e a good t r a i l - o f - e v i d e n c e from time of sample 
r e c e i p t at the l a b o r a t o r y to time of the report a u d i t . 
However, i n f o r m a t i o n r e c e i v e d from the f i e l d f o r i n 
d i v i d u a l samples i s often incomplete. 

3. Maintenance records of reference standards, s t o c k s t a n 
d ard s o l u t i o n s , and working standards are not complete, 
and a method of handling these standards i s not properly 
documented. Storage of s t o c k and working standards, 
l a b e l i n g of a l l standards, and a p l a n f o r d i s p o s a l are 
not w e l l defined. 

4. Instrument SOP's are not documented; however, instrument 
l o g s are w e l l maintained with the possible exception of 
GLC detectors. 

5. S o l v e n t s and r e a g e n t s are w e l l maintained, but they do 
not always c a r r y l a b e l i n g as to time of r e c e i p t and 
s t o r a g e d a t a . C o n d i t i o n of d i s t i l l e d water i s ques
t i o n a b l e . 

6. Use of bound laboratory notebooks occurs i n the Feed and 
F e r t i l i z e r Section but not i n the P e s t i c i d e s S e c t i o n . 
Data t r a i l p r o c e e d i n g from f i n a l r e p o r t backwards to 
o r i g i n a l chromatograms (GLC and HPLC) or s p e c t r o m e t e r 
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records was adequate enough to debate whether there i s a 
need f o r bound records i n the P e s t i c i d e s work. However, 
there i s no s u b s t i t u t e f o r a d i a r y record to assure that 
every problem or success i s documented. 

7. Freezer storage of record samples and working samples i s 
good, but c o u l d p o s s i b l y be i m p r o v e d i f s e p a r a t e 
f a c i l i t i e s f o r the A n a l y t i c a l Labs were a v a i l a b l e . 
Documentation of storage temperatures i s needed. Some 
p r o v i s i o n s s h o u l d be made ... to n o t i f y the lab when 
record samples can be discarded. 

F. Recommendations on General QA P r a c t i c e s 
1. I n t e r n a l audits should be p e r i o d i c a l l y scheduled by the 

QA Committee and QA O f f i c e r , probably at i n t e r v a l s of 
three months, u s i n g a l l q u a l i f i e d p e r s o n n e l i n a u d i t 
teams. T h i s procedure w i l l increase awareness, promote 
t r a i n i n g , and shar  r e s p o n s i b i l i t  f o  GLP'  w i t h h 
i n d i v i d u a l . 

2. The QA O f f i c e
o f d a t a ( a l l d a t a ) t h a t a r e r e p o r t e d f r o m t h e 
l a b o r a t o r y . The QA O f f i c e r s h o u l d i n s p i r e f e l l o w 
workers to work d i l i g e n t l y f o r the i n t e g r i t y of a l l 
data. 

3. The A n a l y t i c a l L a b o r a t o r y s t a f f should become involved 
i n implementing the e n t i r e contents of the " L a b o r a t o r y 
Q u a l i t y Assurance Manual," as w r i t t e n , or change those 
c r i t e r i a that are impossible or of no value. 

4. A l l l a b o r a t o r y personnel should be encouraged to v i s i t 
other l a b o r a t o r i e s , to attend s c i e n t i f i c meetings, and 
to t a l k w i t h o t h e r a n a l y s t s w i t h p a r t i c u l a r regard to 
GLP's. Such interchange w i l l allow them to l e a r n t h a t 
the Geneva labs are probably above average i n the chemi
c a l community. 

I I . Data Audit 
Two ... p r o j e c t s were chosen with the f o l l o w i n g c r i t e r i a i n 
mind: 

1. D i f f e r e n t method of a n a l y s i s - HPLC and GLC; 
2. D i f f e r e n t i n d i v i d u a l a nalysts; and 
3. Data had been received by EPA/RCB. 
With the above c r i t e r i a i n mind, we audited: 
1. ... - Benomyl on Chinese Cabbage ... and 
2. ... - Fenvalerate on Beets ... • 

The analyses f o r benomyl r e s i d u e s i n Chinese Cabbage were 
performed by R. A. M a r a f i o t i i n 1982 using the HPLC procedure as 
published i n the J . of Chromatography, 317(1984) 527-531 ( S p i t t l e r , 
T. D.; M a r a f i o t i , R. A.; Lahr, L. M.). Successive determinations 
of MBC and 2-AB are a c h i e v e d , w i t h MBC r e s i d u e s c a l c u l a t e d as 
benomyl. 

From f i n a l report backwards to the o r i g i n a l report and record 
of sample, the t r a i l was found to be easy to f o l l o w . Copies of 
chroraatograms a p p e a r i n g i n the f i n a l r e p o r t were matched w i t h 
o r i g i n a l chromatograms. C a l c u l a t i o n s of data were determined to be 
c o r r e c t . However, an outstanding problem of t r a n s p o s i t i o n of d a t a 
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o c c u r r e d from the o r i g i n a l c a l c u l a t i o n s to the reported concentra
t i o n s of residues, i n check samples, only. A l l check samples were 
r e p o r t e d as ppm of 2-AB equal to t o t a l residue with the concentra
t i o n of apparent benomyl d e l e t e d . The data as r e p o r t e d and as 
c a l c u l a t e d are: 

(As Re (As C a l 
ported) culated) T o t a l 

Sample A p p l i c a t i o n Benomyl 2-AB Benomyl Benomyl 
Number Rate (ppm) (ppm) (ppm) (ppm) 
290 0.0 l b / a i / A 0.07 0.07 2.59 2.66 
291 0.0 l b / a i / A <0.02 <0.02 3.33 3.33 
292 0.0 l b / a i / A <0.02 <0.02 0.07 0.07 
293 0.0 l b / a i / a <0.02 <0.02 0.06 0.06 

S i n c e the a n a l y s t  t h a t th  check sample
cont a m i n a t e d , he used
the 0.06 ppm as backgroun
r e s i d u e c o n c e n t r a t i o n s i n t r e a t e d samples ranged from 3.2 ppm to 
8.1 ppm, i n t e g r i t y of the data or i t s usefulness i n the r e p o r t , as 
r e v i e w e d by EPA, was not compromised. A c a r e f u l l o o k at the 
chromatograms as c o p i e d f o r the f i n a l r e p o r t and the o r i g i n a l 
chromatograms as c a l c u l a t e d by the a n a l y s t i n d i c a t e d t h a t the 
person preparing the report d i d not i n t e r p r e t the ( t a b u l a t e d ) HPLC 
d a t a c o r r e c t l y . Thus, anyone e l s e who might look at the numerical 
values versus chromatographed d a t a c o u l d be a v i c t i m of m i s i n 
t e r p r e t a t i o n . 

I t i s apparent t h a t a person such as a QA O f f i c e r s h o u l d 
monitor the data that have been prepared f o r the f i n a l report. 

Since the t r a i l - o f - e v i d e n c e was able to be r e c o n s t r u c t e d so 
w e l l and the a n a l y s t performed h i s tasks c o r r e c t l y , the value of 
the data was not l o s t . However, t h i s circumstance serves as a good 
model f o r s u p p o r t i n g the ne c e s s i t y of GLP's (which were mostly i n 
place) and QA procedures (which were not followed). 

Fenvalerate on Beets, was analyzed i n 1982 by G. Helfman 
u s i n g the GLC procedure f o r the p a r e n t compound, o n l y . The 
r e p o r t e d data, c a l c u l a t e d data, copies and o r i g i n a l chromatograms, 
a n a l y t i c a l methodology, record samples, and f i e l d data d e s c r i p t i o n 
were e a s i l y found, followed, and determined to be acceptable. 

In conclusion, the Data Audit was cons i d e r e d to be s u c c e s s 
f u l . One study was found to be acceptable and another study showed 
the need f o r improved QA p r a c t i c e s . F o r t u n a t e l y , GLP's were of 
s u f f i c i e n t q u a l i t y t h a t no l o s s or compromise of data was ex
perienced." 

IMPLICATIONS 

The impression, at f i r s t b l u s h , i s t h a t w i t h minor changes, the 
l a b o r a t o r y c o u l d f u l l y meet GLP's, i n f a c t , i t i s almost i n com
p l i a n c e , already. Thus, i t would be r e l a t i v e l y simple, and to the 
advantage of the l a b o r a t o r y and i t s programs, to i n s t i t u t e the 
necessary measures. Wrong. There are sev e r a l subtle a s p e c t s t h a t 
p r e v e n t our laboratory from accepting GLP standards, and there are 
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a d d i t i o n a l reasons why s t r i c t adoption at the u n i v e r s i t y l e v e l i s 
not only unnecessary, but undesirable. 

Few, i f any, u n i v e r s i t y regulatory programs are funded at a 
l e v e l s u f f i c i e n t to maintain GLP's. Most depend on state a l l o c a 
t i o n s or con t r i b u t i o n s as overhead to maintain what i s u s u a l l y an 
o p e r a t i o n b e n e f i c i a l t o the s t a t e i n which the u n i v e r s i t y i s l o 
cated. Thus not only i s the extra manpower not budgeted, there are 
no p r o v i s i o n s f o r s e p a r a t e sample p r e p a r a t i o n and s t o r a g e 
f a c i l i t i e s , s e p a r a t e f r e e z e r s , l o c k e d and i n a c c e s s i b l e r e c o r d 
a r c h i v e s and equipment. In f a c t , many of the d i c t a t e s f o r main
t a i n i n g locked space are i n d i r e c t c o n f l i c t w i t h department and 
u n i v e r s i t y p o l i c y . Blocks of valuable space w i l l not be reserved 
f o r the exclusive use of these ( o r any) programs. Even s t o r a g e 
space f o r data and documentation i s d i f f i c u l t to j u s t i f y or obtain 
i n l i g h t of the productive uses that compete f o r room. 

The concept t h a t  sampl  i  laborator  hav  uniqu
h i s t o r y , i d e n t i f i c a t i o n
That there might a l s o b
do not have these extensive pedigrees could c o n s t i t u t e a v i o l a t i o n . 
Yet, many items do not need or warrant GLP t r a c k i n g ; are they to be 
excluded from a laboratory operating under GLP's? Or, c o n v e r s e l y , 
w i l l a l a b o r a t o r y having such samples on premises be judged as no 
longer being i n compliance. 

J u s t as good government r u l e s only with the consent of the 
governed, the b e n e f i t s of GLP's e x i s t o n l y i f the t e n e t s are a c 
c e p t e d by t h e a f f e c t e d s c i e n t i s t s . But, f o r the u n i v e r s i t y 
community to accept them would be not o n l y redundant but c o u n t e r 
p r o d u c t i v e . We are keenly aware that many of the n a t i o n a l e f f o r t s 
i n which we p a r t i c i p a t e , e f f o r t s s i t e d throughout the l a n d - g r a n t 
c o l l e g e system and other u n i v e r s i t i e s , r e l y on the research at our 
academic i n s t i t u t i o n s f o r data and information e s s e n t i a l t o d e c i 
s i o n making processes. Many times these are the primary source of 
information, p a r t i c u l a r l y when preliminary assessment or emergency 
response s i t u a t i o n s o c c u r . Most of the research producing these 
d a t a bases i s n o t , and never w i l l be, conducted under the GLP 
dogmas. These s t u d i e s are d e s i g n e d and executed to pass the 
s c r u t i n y of the i n v e s t i g a t o r ' s peers, t h a t i s , to be a c c e p t e d as 
v a l i d and r e p r o d u c i b l e , meeting the standards of the d i s c i p l i n e . 
I m p l i c i t to the standards of a d i s c i p l i n e are the assumptions t h a t 
a study be conducted with competence and i n t e g r i t y and be a c r e d i t 
to the research group. Of course, i n t e n t i o n a l deceit i s p o s s i b l e , 
r e p o r t s , data and conclusions can be embellished or f a l s i f i e d ; but, 
t h i s can a l s o be done under GLP co n d i t i o n s , w i t h p r o p e r a t t e n t i o n 
to d e t a i l . 

A s tatutory set of GLP r e g u l a t i o n s would be n e c e s s a r y and 
r e a s o n a b l e i f i n t e n d e d f o r a t o t a l l y naive laboratory having no 
other code of conduct, general g u i d e l i n e s or d i r e c t i o n . Most of 
t h i s i s already i n place at a u n i v e r s i t y . Various l e v e l s of tech
n i c a l and d e p a r t m e n t a l s u p e r v i s i o n and o v e r s i g h t e x i s t , and a 
group's output i s r o u t i n e l y submitted f o r peer review — submitted 
v o l u n t a r i l y so as to e s t a b l i s h and m a i n t a i n the i n v e s t i g a t o r ' s 
r e p u t a t i o n and c r e d e n t i a l s . There i s no percentage i n , or incen
t i v e f o r , an academic group to submit q u e s t i o n a b l e or f a l s i f i e d 
d a t a f o r regulatory c o n s i d e r a t i o n . Accordingly, the reputation of 
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the p r i n c i p a l i n v e s t i g a t o r , h i s department and u n i v e r s i t y s h o u l d 
be, and must be, an a c c e p t a b l e s u b s t i t u t e f o r the f i e l d and 
laboratory GLP p r o v i s i o n s . EPA would have the o p t i o n of r e f u s i n g 
t o a c c e p t data from a p a r t i c u l a r source, but, they would a l s o have 
to have cause, and be prepared to document and defend t h e i r d e c i 
s i o n s . I d e a l l y , t h i s type of assessment s h o u l d be made by an 
independent panel i f and when a data source becomes suspect. I t i s 
d o u b t f u l t h a t EPA can e s t a b l i s h and m a i n t a i n a program of data 
v e r i f i c a t i o n b e t t e r than what a l r e a d y e x i s t s as a r e s u l t of 
d e p a r t m e n t a l o v e r s i g h t , peer review f o r p u b l i c a t i o n , and prof e s 
s i o n a l i n t e g r i t y . What i s more, g i v e n t h e i r r e c o r d o f 
r e o r g a n i z a t i o n and turnover they would probably do much worse, and 
waste a l o t of other groups resources i n the process. 

T h i s b r i n g s us to the q u e s t i o n of economic impact: i t has 
been estimated — DRAFT form, of course — that the i n c r e a s e d c o s t 
of i n v e s t i g a t i o n s unde  f u l l GLP'  w i l l b  20%  W  with 
t h i s i f we assume that a l
have been made, and tha
c o v e r e d . However, t h i s e s t i m a t e i s d e c e p t i v e . For i n s t a n c e : 
f i e l d GLP's are a necessity i f laboratory GLP's are to be meaning
f u l . Very few u n i v e r s i t y l a b o r a t o r y programs do not r e l y on 
u n i v e r s i t y a f f i l i a t e d f i e l d c o o p e r a t o r s or contracts f o r one or 
more aspects of a given i n v e s t i g a t i o n . Usually there are numerous 
f i e l d o p e r a t o r s f o r each l a b o r a t o r y : the cost of GLP compliance 
has now been m u l t i p l i e d many f o l d , p a r t i c u l a r l y when one r e a l i z e s 
t h a t f r e q u e n t l y sample production i s undertaken v o l u n t a r i l y , or i n 
c o n j u n c t i o n w i t h r e l a t e d a c t i v i t i e s . Few of t h e s e f i e l d 
c o o p e r a t o r s upon which our programs have been imposing could, or 
would, be able to absorb the a d d i t i o n a l e f f o r t or f a c i l i t i e s neces
sary — a c o s t l y a l t e r n a t i v e would be to go to p r i v a t e c o n t r a c t i n g . 

There i s also no grandfather clause f o r studies completed or 
i n p r o g r e s s or i n the e x t a n t l i t e r a t u r e . Unfortunately, no one 
c o n s i d e r e d the c o s t s of r e p e a t i n g e v e r y t h i n g t h a t d i d not an
t i c i p a t e t h e i r good ideas. An a d d i t i o n a l unforeseen consequence i s 
that repeated studies w i l l have to compete d i r e c t l y w i t h new i n 
i t i a t i v e s f o r program space and resources. Delays w i l l r e s u l t i n 
economic losses to producers and m a n u f a c t u r e r s , and i n i n c r e a s e d 
c o s t s to consumers. A p p a r e n t l y , none of these p o i n t s are con
sidered important enough to make i t into a co s t / b e n e f i t statement. 

A l s o , i f t h e i n s i s t e n c e i s made t h a t o n l y GLP approved 
studies are acceptable i n support of a chemical or i t s use pattern, 
w i l l these same s t a n d a r d s of s c r u t i n y be applied to studies con
t a i n i n g f i n d i n g s that r e f l e c t negatively on a chem i c a l ? W i l l any 
r e p o r t s of t o x i c or carcinogenic e f f e c t s be automatically ignored 
by EPA i f they haven't been conducted under v e r i f i a b l e GLP c o n d i 
t i o n s ? What would be the whistle blowers r e a c t i o n to that? Does 
anyone r e a l l y believe EPA w i l l apply the same standards to negative 
reports that they i n s i s t upon for evidence submitted as support? 

CONCLUSIONS 

We concede t h a t E P A - d i r e c t e d research should be subject to t h e i r 
mandates, assuming they are a l s o paying the costs f o r meeting those 
mandates. We a l s o r e c o g n i z e that p r i v a t e l a b o r a t o r i e s must meet 
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t h e i r expenses and generate a return to t h e i r i n v e s t o r s , to do t h i s 
they add on the c o s t of GLP compliance and f a c i l i t i e s to study 
estimates. The Chemical Industry, t o o , knows t h a t i f i t must go 
a l o n g , compliance i s added overhead and can be passed on to t h e i r 
c l i e n t s and customers. Even other agencies can absorb the expense 
of new r u l e s and p r o c e d u r e s by r e o r g a n i z i n g and c u t t i n g back on 
p r o d u c t i v i t y . Unfortunately, u n i v e r s i t y funding has no e s c a l a t o r 
c l a u s e f o r new r u l e s , no mechanism f o r covering elevated c o s t s . 
Our response has been to increase budget r e q u e s t s ; these r e q u e s t s 
have been f o r the most p a r t i g n o r e d . Our s p o n s o r i n g a g e n c i e s 
f u n c t i o n under c o n d i t i o n s t h a t do not a l l o w f u n d i n g at anywhere 
near the l e v e l s r o u t i n e to EPA and a p p a r e n t l y necessary to meet 
t h e i r d i c t a t e s . U n t i l t h i s d i s c r e p a n c y i s r e s o l v e d , e i t h e r by 
s t a t u t e or u n d e r s t a n d i n g , many of our programs are at an impasse. 
For the u n i v e r s i t i e s , a p o i n t of d i m i n i s h i n g r e t u r n s i s b e i n g 
r e a c h e d . I f GLP complianc  i  mandated d i f h mandate
g r e a t l y increase o v e r a l
c o v ered by i n c r e a s e d
programs dwindle. However, a program diminished by the expense of 
s u p e r f l u o u s r e q u i r e m e n t s i s no longer worth the a t t e n t i o n of the 
u n i v e r s i t y or the f a c i l i t y i t occupies. 

The consequence i s not that regulatory agencies w i l l lose a l l 
u n i v e r s i t y p a r t i c i p a t i o n i n t h e i r programs; they w i l l only lose the 
i n t e r e s t of the good ones. As better organizations go i n t o more 
productive areas, mediocre and l e s s q u a l i f i e d groups w i l l come i n 
to take t h e i r place — groups that would accept almost any program. 
With s c i e n t i s t s as with bureaucrats, you can never set standards so 
low that a population can't be found to f i t them. 

The a l t e r n a t i v e s from the academic p e r s p e c t i v e are o b v i o u s . 
We w i l l d e c l i n e to r e c o g n i z e GLP mandates f o r regulatory studies 
and research conducted under u n i v e r s i t y t u t e l a g e u n t i l or u n l e s s 
the a g e n c i e s i n v o l v e d recognize the necessity and responsibly f o r 
maintaining support at l e v e l s s u f f i c i e n t to meet t h e i r own r e q u i r e 
ments. In a d d i t i o n the value of e x i s t i n g data bases and l i t e r a t u r e 
must be upheld. 

R E C E I V E D January 29, 1988 
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Chapter 17 

Good Laboratory Practice Standards 
in a University Setting 

Problems and Solutions 

Willis B. Wheeler1 and Neal P. Thompson2 

1Pesticide Research Laboratory, Institute of Food and Agricultural 
Sciences, University of Florida, Gainesville, FL 32611 

2Office of the Dean for Research  Institut f Food d Agricultural 
Sciences, Universit

The University is fundamentally an institution of learning, 
although research and service by its faculty are certainly of major 
significance. In addition, the land-grant academic institutions 
have a mission to help their state realize maximum potential for 
agricultural development and to contribute to the solution of 
social, economic, environmental, and cultural problems of concern 
to the citizens of that state. These missions are carried out 
through the three closely related functions of resident instruc
tion, research, and extension. 

Good science exists in research in academic institutions apart 
from the soon to be established Environmental Protection Agency's 
(EPA) Good Laboratory Practice (GLP) guidelines. However, this is 
not to say that GLP's are not advisable. Good science should be 
able to stand up to review as having been performed using appropri
ate and adequate laboratory practices. Scientists have had their 
work routinely scrutinized by their peers for its quality and will 
not resent careful analysis by others. For example, only a portion 
of the work produced by the scientific community is acceptable for 
publication in its various journals. The rate of acceptance in 
journals varies but it is apparent that the peer review system 
attempts to serve as a quality control mechanism in the scientific 
community. 

As a practical matter, however, much of the data to support 
various pesticide clearances does not come from the peer reviewed 
scientific literature. The original methods undoubtedly have been 
subjected to such review but the laboratory practices used to pro
duce the data are often unpublished modifications. GLP guidelines, 
therefore, are intended to assure that the science used as the 
basis for regulatory decisions is reproducible. Scientists do not 
need GLP's to achieve accurate results but GLP's assure the public 
and their representatives, the regulatory agencies, that adequate 
practices are in place. The general public has every right to know 
that the products of scientific enterprise are of high quality. 
The regulatory agencies perform this service. It is important for 
scientists and the public to be reminded that regulatory agencies 
exist in the public interest and not as an entity for their own 
fulfillment. 
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For a number of reasons, GLP's are to be implemented and w i l l 
apply to a l l groups that develop data i n support of a marketing 
permit f o r a p e s t i c i d e product. Many i n s t i t u t i o n s of higher lear n 
ing, w i l l come under these proposed regulations as they are cur
r e n t l y w r i t t e n . There are at l e a s t three p o s s i b l e approaches to 
addressing the s i t u a t i o n : attempt to s a t i s f y a l l the requirements; 
attempt to s a t i s f y those requirements that can e a s i l y be implement
ed at reasonable cost and negotiate with the EPA on those aspects 
that are very d i f f i c u l t to implement; and choose not to comply. 
This paper w i l l approach t h i s s i t u a t i o n from the viewpoint of f i n d 
ing approaches to s a t i s f y the major components of the GLP Stand
ards . 

There are several areas i n the GLP gui d e l i n e s which are more 
d i f f i c u l t to implement i n an academic s e t t i n g than i n other set
t i n g s . These are: requirements f o r a separate Q u a l i t y Assurance 
Unit (QAU) and the r e s p o n s i b i l i t i e s thereof; e s t a b l i s h i n g Standard 
Operating Procedures (SOP's
and the s i g n i f i c a n t adde

The QAU i s responsible f o r monitoring each study to assure 
that the f a c i l i t i e s , equipment, personnel, methods, p r a c t i c e s , 
records and co n t r o l s conform to GLP re g u l a t i o n s . "For any given 
study, the QAU s h a l l be e n t i r e l y separate from and independent of 
the personnel engaged i n the d i r e c t conduct of that study." (Quoted 
from the EPA's proposed Good Laboratory P r a c t i c e s Standards.) The 
QAU must "inspect each study at i n t e r v a l s adequate to ensure the 
i n t e g r i t y of the study...," and "determine that no deviations from 
approved protocols or standard operating procedures were made with
out proper a u t h o r i z a t i o n or documentation." (Quoted from the EPA's 
proposed Good Laboratory P r a c t i c e s Standards.) 

I t i s unfortunate that the proposed regulations are expressed 
i n such a manner as to suggest a lack of confidence i n laboratory 
and f i e l d work. Trust and i n t e g r i t y are a major tenet of the aca
demic community. In the vast majority of cases, academics provide 
s o l i d , s c i e n t i f i c a l l y v a l i d information which undergoes and sur
v i v e s peer review i n the absence of QAU's and SOP's. 

There are many p o s s i b l e approaches to e s t a b l i s h i n g a QAU; the 
authors w i l l suggest a few which may be f e a s i b l e approaches at our 
i n s t i t u t i o n . At the U n i v e r s i t y of F l o r i d a , the I n s t i t u t e of Food 
and A g r i c u l t u r a l Sciences (IFAS) comprises the research, teaching 
and extension components of t h i s land-grant i n s t i t u t i o n . There i s 
a Vice President, a Dean f o r Research, a Dean f o r I n s t r u c t i o n and a 
Dean f o r Extension; i n a d d i t i o n there are some 40 department c h a i r 
men and u n i t heads (heads of IFAS u n i t s l o c a t e d throughout the 
state of F l o r i d a ) . With t h i s kind of st r u c t u r e , one QAU could 
a s s i s t a l l u n i t s that would require such s e r v i c e . In f a c t , con
s i d e r a b l e research goes on w i t h i n F l o r i d a that u l t i m a t e l y bears on 
the r e g i s t r a t i o n of p e s t i c i d e s . The s i z e and st r u c t u r e of the QAU 
would depend upon the number of pr o j e c t s that have to be monitored. 
The d i r e c t o r of that QAU could be drawn from the f a c u l t y or from 
outside sources. The d i r e c t o r might report to the Dean f o r 
Research and as a r e s u l t could f u n c t i o n independent of pressures 
that might be imposed on him/her i f he were a department f a c u l t y 
member or a lower l e v e l employee. With adequate support personnel 
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and budget, the QAU d i r e c t o r would be able to c e r t i f y that GLP's 
were being adhered to throughout the IFAS statewide system. 

A serious impediment to e s t a b l i s h i n g such a QAU i s cost. Sup
port might come from grant i n d i r e c t costs and/or i f the impacted 
f e d e r a l agencies would agree, as d i r e c t costs of doing business. 
The authors would even suggest that i n cases where no i n d i r e c t 
costs are allowed by granting agencies, that the EPA consider some 
f i n a n c i a l assistance i n e s t a b l i s h i n g QAU's. 

I f the QAU need not se r v i c e such a large operating u n i t , i t 
might be housed i n a s i n g l e department and s t a f f e d by an i n d i v i d u a l 
who would report d i r e c t l y to the department chairman. This again 
would remove that i n d i v i d u a l from p o t e n t i a l pressures that could be 
brought to bear as a r e s u l t of his / h e r duties. Having to s e r v i c e a 
departmental program might, however, have very high "costs." I f 
the QAU d i r e c t o r were a member of the f a c u l t y , the time that t h i s 
job would require could adversel  a f f e c t h i  a b i l i t  t  perfor  th
functions upon which h
ary increases. Further
needed to f u r t h e r a career and might be considered by many as a 
h i g h l y undesirable duty. This might then suggest, that a senior 
f a c u l t y member, whose research program had slowed somewhat, might 
be a candidate f o r such a p o s i t i o n . The impact on the career of a 
senior f a c u l t y member who might be approaching retirement would be 
minimal. In the case of such a small scale QAU, the costs involved 
could a l s o be more e a s i l y absorbed. 

Such a departmental system could be e s t a b l i s h e d and implement
ed as needed. Thus each department or u n i t could operate a QAU 
perhaps with some support from the adm i n i s t r a t i o n or from those 
agencies that have e s t a b l i s h e d the requirement to have such u n i t s . 
A negative aspect of such a system could be the v a r i a b i l i t y of the 
QAU's. With a large number of i n d i v i d u a l s involved there would 
l i k e l y be great v a r i a t i o n i n the q u a l i t y of the QAU. The authors 
are not t r y i n g to be fa c e t i o u s , but i n such a s i t u a t i o n , one would 
almost need a super-QAU to oversee the operation of the smaller 
ones. As a r e s u l t , once an orga n i z a t i o n required more than two, 
three or perhaps four such u n i t s , i t should probably e s t a b l i s h one 
l a r g e r QAU f o r the e n t i r e organization. 

S e l e c t i o n of QAU d i r e c t o r s i s also very c r i t i c a l . Some regu
l a t o r s f u n c t i o n i n a r i g i d manner, seeing only r i g h t or wrong. The 
vast majority, f o r t u n a t e l y , are w i l l i n g to work with those whom 
they regulate and provide assistance to achieve common goals. As 
long as both p a r t i e s are w i l l i n g to work to achieve the same objec
t i v e s , with some patience and understanding, then u s u a l l y those 
o b j e c t i v e s can be achieved. Having a QAU d i r e c t o r who understands 
academics and the academic ways, w i l l be important i n e s t a b l i s h i n g 
QAUs and to t h e i r a b i l i t y to fu n c t i o n e f f e c t i v e l y . 

The second area mandated by GLP's i s e s t a b l i s h i n g SOP's and 
the requirement to adhere or r e v i s e them. One of the functions of 
the QAU i s to assure that the SOP's are i n place and being f o l 
lowed. The negative aspects of the concept of SOP's are the abso
l u t e s t a n d a r d i z a t i o n of everything that i s done i n any s e t t i n g . A 
u n i v e r s i t y i s one of the few places where c r e a t i v i t y does and must 
e x i s t . The two concepts are d i a m e t r i c a l l y opposed and as a r e s u l t , 
the SOP's w i l l be d i f f i c u l t to get e s t a b l i s h e d and become accepted. 
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Another negative aspect i s the time, energy and resources that w i l l 
be r e q u i r e d j u s t to e s t a b l i s h and implement the SOP's. 

Approaches to s a t i s f y i n g the need f o r having SOP's are sever
a l . One may s t a r t from s c r a t c h and write out procedures f o r 
everything from w r i t i n g "date received" on reagents to i n t e r p r e t i n g 
mass s p e c t r a l analyses. A more f e a s i b l e approach would be to adopt 
a set of SOP's created by the EPA that would s a t i s f y the needs of 
the Agency. Each laboratory would have to adapt such SOP's to i t s 
own s i t u a t i o n and t a i l o r them to t h e i r own needs. In a d d i t i o n , 
m o d i f i c a t i o n s on a laboratory by laboratory case would have to be 
incorporated to achieve the appropriate goals. On the whole, 
however, a model set of SOP's from the EPA would g r e a t l y a s s i s t 
u n i v e r s i t y l a b o r a t o r i e s i n e s t a b l i s h i n g t h e i r own and reduce the 
drudgery of the task. 

The t h i r d s i g n i f i c a n t issue i s the f i n a n c i a l commitment 
involved i n adhering t  GLP's  Thes  hav  bee  a l l u d e d t  above
The economic impact of
EPA p r o j e c t i o n s i s as follows
about 2 0 percent." (Quoted from the EPA's proposed Good Laboratory 
P r a c t i c e s Standards.) The p r i v a t e sector can and w i l l pass these 
added costs on to the consumers. The p u b l i c u n i v e r s i t i e s , however, 
cannot pass the costs on to t h e i r consumers and w i l l have to pay 
the added expenses from some other funding source. One p o s s i b l e 
source would be i n d i r e c t cost increases to the agencies funding 
research that would f a l l under these r e g u l a t i o n s . Some p r o j e c t s 
that contribute data d i r e c t l y to the EPA, s p e c i f i c a l l y to support 
the r e g i s t r a t i o n of p e s t i c i d e s , do not c o l l e c t any i n d i r e c t costs 
from t h e i r funding sources. I f an i n s t i t u t i o n i s c u r r e n t l y paying 
the a d m i n i s t r a t i v e costs of a grant without the b e n e f i t of i n d i r e c t 
costs to help defray those expenses, i t i s u n l i k e l y that i n s t i t u 
t i o n would be i n a p o s i t i o n to provide an a d d i t i o n a l 20 percent of 
a grant's operating budget to allow the program to remain at i t s 
l e v e l of p r o d u c t i v i t y . 

The authors suggest, therefore, that the EPA consider funding 
a p o r t i o n of the expenses r e l a t e d to GLP's. There are two s i g n i f i 
cant costs involved: The f i r s t i s the i n i t i a l set-up stage where 
the SOP's are e s t a b l i s h e d and implemented; and the second i s the 
a c t u a l performance under the GLP r e g u l a t i o n s . The 2 0 percent i n 
creased costs probably only apply to the a c t u a l performance under 
GLP r e g u l a t i o n s . The i n i t i a l cost of e s t a b l i s h i n g SOP's and pre
paring to adhere to GLP's w i l l be s i g n i f i c a n t . One estimate of the 
time requ i r e d to accomplish t h i s stage i s s i x months. I f the EPA 
would e n t e r t a i n the p o s s i b i l i t y of a s s i s t i n g those i n s t i t u t i o n s 
that have no other source of funding, perhaps through a grant and/ 
or the preparation of a set of malleable SOP's, t h i s could a l l e v i 
ate the bothersome and c o s t l y aspects of t h i s e x e r c i s e . The EPA 
assistance i n g e t t i n g set up, according to the needs and desires of 
the Agency, w i l l c e r t a i n l y be worth any costs incurred. 

The other costs ( i . e . , that 20 percent day-to-day operating 
cost) w i l l have to be p a i d i n l o s t p r o d u c t i v i t y . Funding agencies 
oft e n have f i x e d d o l l a r amounts f o r research p r o j e c t s . Whether 
costs of adhering to GLP's are charged as i n d i r e c t or d i r e c t costs 
doesn't matter. The t o t a l budget determines the amount of e f f o r t 
that can go i n t o a p r o j e c t . Adherence to GLP's w i l l become a p a r t 
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of the mounting l i s t of f i x e d costs of doing business; the f l e x i b l e 
components of grant supported p r o j e c t s w i l l be reduced. 

I t i s unfortunate that p u b l i c u n i v e r s i t i e s who are performing 
a p u b l i c s e r v i c e w i l l be required to comply with GLP's. I t i s also 
unfortunate that proposed GLP's are w r i t t e n i n a way that may a l i 
enate the f a c u l t y that must t r y and conform. Some i n s t i t u t i o n s may 
refuse to comply; as a r e s u l t , those who have made and might con
tinue to make important and s i g n i f i c a n t c o n t r i b u t i o n s to the those 
agencies that are imposing the r e g u l a t i o n s , w i l l be l o s t . The 
authors suspect that the EPA w i l l lose more than i t gains. 

Those of us who d i s l i k e the impending GLP's but can understand 
the EPA's need f o r such regulations w i l l make a good f a i t h e f f o r t 
to implement and follow those r e g u l a t i o n s . The EPA can make our 
job much e a s i e r and l e s s d i s t a s t e f u l by p r o v i d i n g f i n a n c i a l and 
other assistance and by e x h i b i t i n g patience and understanding. 

Academic i n s t i t u t i o n s are f a c i n g d i f f i c u l t f i s c a l times as are 
many other areas of ou
o f t e n being asked to d
reduced i n f l a t i o n , research support i s a precious commodity. 
Equipment costs r i s e , personnel costs r i s e , and the general cost of 
doing business increases with the net r e s u l t that l e s s research i s 
accomplished. Unreasonable increases i n paperwork reduce a c t u a l 
p r o d u c t i v i t y . 

At a time when increased p r o d u c t i v i t y must be a goal i n l i g h t 
of increased competition f o r funds, i n c r e a s i n g r e g u l a t i o n appears 
to be counterproductive. This i s p a r t i c u l a r l y true i n the p u b l i c 
sector where much of the supporting data i s f o r "minor" use, that 
i s those uses that are b e n e f i c i a l to the p u b l i c but b r i n g l i t t l e or 
no economic b e n e f i t to the industry. We dwell i n a s o c i e t y which 
encourages i n c e n t i v e s leading to economic success. The p u b l i c sec
to r represented by the p u b l i c u n i v e r s i t y plays a b e n e f i c i a l r o l e to 
s o c i e t y which cannot be l i n k e d to p r o f i t . 

The i n t e n t i o n of the GLP's i s good, but must be tempered with 
the p r a c t i c a l r e a l i t y of academic research and education. Several 
scenarios could be advanced such as tampering.^ t h e f t and f a l s i f i c a 
t i o n of data which would support the need f o r more r e g u l a t i o n . 
F a l s i f i c a t i o n of data has occurred as i n the much p u b l i c i z e d and 
extremely damaging IBT case. The u n i v e r s i t y climate, however, must 
be such that innovation and c r e a t i v i t y are f o s t e r e d i n a c o l l e g i a l 
atmosphere; i n c r e a s i n g l i m i t a t i o n s by way of r e g u l a t i o n s are d e t r i 
mental to t h i s atmosphere. 

R E C E I V E D January 29, 1988 
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Quality Assurance for Ecotoxicology Studies 

John A. McCann 
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Washington, DC 20460 

Ecotoxicolog
effect of toxi
birds in their environment, and aquatic 
organisms in fresh and salt water. This 
paper will discuss the quality assurance 
aspects of studies involving direct 
application of potentially toxic materials 
to test organisms. It will stress the need 
for chemists to become more involved in 
ecotoxicology testing by assisting 
biologists in documenting the identity of 
test substances, the exposure levels and 
the stability of the test material in 
water, air and/or food, and in measuring 
residue levels in the test organisms and 
their surrounding environment. 

Good Laboratory Practice and Quality 
Assurance procedures required for acute and 
chronic health effect studies can be used 
for acute and chronic mammalian, aquatic 
and avian ecotoxicology studies. 

Publication of the Environmental Protection Agency's Good Laboratory 
Practice (GLP) regulations governing the conduct of studies sub
mitted to the Agency in support of The Federal Insecticide, Fungi
cide and Rodenticide Act (FIFRA) and the Toxic Substances Control 
Act (TSCA) has caught the attention of the regulated public. An 
important part of these regulations assures that the laboratory and 
the studies meet GLP requirements by describing the activities of 
the Quality Assurance Officer and Quality Assurance Unit at the 
laboratory. 

This paper discusses the quality assurance procedures for eco
toxicology laboratories. It will attempt to concentrate on those 
areas that are of particular concern to those individuals deter
mining the toxicity of chemicals to fish and wildlife (ecotoxicology 
testing). 

This chapter not subject to U.S. copyright 
Published 1988 American Chemical Society 
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A minimum amount of time w i l l be spent on those areas t h a t are common 
to a l l s t u d i e s and which w i l l have been covered more e x t e n s i v e l y by 
o t h e r a u t h o r s . 

The requirements f o r e c o t o x i c o l o g y s t u d i e s vary l i t t l e from 
the requirements f o r h e a l t h e f f e c t s t u d i e s . L a b o r a t o r i e s t h a t have 
adequate f a c i l i t i e s , equipment, s t a f f , and procedures f o r h e a l t h 
e f f e c t s t u d i e s , w i t h adequate t r a i n i n g of t h e i r s t a f f i n s p e c i f i c 
areas of e c o t o x i c o l o g y , c o u l d conduct these t e s t s . 

For example, the requirements f o r t r a c k i n g the r e c e i p t and use 
o f the t e s t substances and t e s t animals are the same. The need f o r 
the c a l i b r a t i o n of the t e s t equipment, s t o r a g e , and a r c h i v e s are the 
same. 

E x t r a e f f o r t should be expended, however, t o determine t h a t 
adequate good q u a l i t y water i s a v a i l a b l e a t a q u a t i c t e s t i n g f a c i l i 
t i e s by more f r e q u e n t a n a l y s e s of incoming w a t e r . S p e c i a l 
arrangements s h o u l d a l s o be made to handle l a r g e volumes of waste 
water such as pret reatmen
before d i s c h a r g i n g the water from the f a c i l i t y . 

Because the a q u a t i c s t u d i e s r e q u i r e a more p r e c i s e e v a l u a t i o n 
of the q u a l i t y of the incoming water and the use of s p e c i a l i z e d 
equipment, I w i l l spend more time d i s c u s s i n g t h i s a r e a . 

A q u a t i c Environments 

F i s h and a q u a t i c i n v e r t e b r a t e s are exposed to t o x i c substances i n 
the l a b o r a t o r y by one of t h r e e types of systems: s t a t i c , f l o w -
through and renewal, as d e s c r i b e d below. 

S t a t i c 

In s t a t i c t e s t s the t e s t m a t e r i a l i s mixed w i t h the w a t e r . Then 
the a q u a t i c organisms are p l a c e d i n the t e s t s o l u t i o n and remain 
t h e r e f o r the d u r a t i o n of the t e s t or u n t i l they d i e . The t e s t s 
n o r m a l l y l a s t f o r two days f o r small i n v e r t e b r a t e s and four days 
f o r f i s h , amphibians and l a r g e r i n v e r t e b r a t e s . The experiments 
are g e n e r a l l y c o n s i d e r e d "quick and d i r t y " t e s t s t h a t give a 
reasonable e s t i m a t e of the t o x i c i t y of the t e s t substance w i t h a 
minimum of e f f o r t . In the p a s t , they d i d not r e q u i r e a n a l y s i s of 
t e s t m a t e r i a l c o n c e n t r a t i o n s u n l e s s s o l u b i l i t y l i m i t s were being 
exceeded. 

F low-through 

In f l o w - t h r o u g h t e s t s , the t r e a t e d water i s c o n t i n u a l l y r e p l a c e d 
e i t h e r by a c o n s t a n t f l o w or by a d d i t i o n s of small volumes of 
t r e a t e d water a t 1-10 minute i n t e r v a l s . V a r i o u s d e l i v e r y systems 
have been designed to e i t h e r supply measured amounts of newly 
mixed t e s t c o n c e n t r a t i o n s or to add premixed s o l u t i o n s to the t e s t 
chambers. Depending on the p h y s i c a l c h a r a c t e r i s t i c s of the 
c h e m i c a l s i n v o l v e d and the r e l i a b i l i t y o r accuracy of the d e l i v e r y 
systems, there i s ample o p p o r t u n i t y with t h i s method f o r something 
to go wrong i n the d e l i v e r y of the t e s t c h e m i c a l . However, because 
the water i s c o n s t a n t l y r e p l a c e d and the organisms can be f e d , i t i s 
p o s s i b l e i n t e s t s conducted i n f l o w - t h r o u g h systems, to expose t e s t 

In Good Laboratory Practices; Garner, W., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1988. 



18. McCANN Quality Assurance for Ecotoxicology Studies 133 

organisms to the t e s t s o l u t i o n s f o r several y e a r s . Because of the 
importance put on these t e s t s by r e g u l a t o r y agencies and the p o t e n 
t i a l f o r f l u c t u a t i o n of t e s t c o n c e n t r a t i o n s , i t i s g e n e r a l l y 
c o n s i d e r e d necessary to measure d a i l y and document the c o n c e n t r a t i o n 
o f the t e s t substance i n the water i n a t l e a s t the h i g h , medium and 
low c o n c e n t r a t i o n s . I f c o n t r o l and s o l v e n t c o n t r o l s are a l s o 
i n c l u d e d i n the sampling scheme, the number of a n a l y s e s c o u l d i n v o l v e 
over 1500 samples per year per s t u d y . 

F low-through systems can be used f o r acute s t u d i e s but g e n e r a l l y 
they are used f o r uptake and d e p u r a t i o n s t u d i e s or complete l i f e -
c y c l e s t u d i e s . 

Renewal 

The renewal system i s a combinat ion of the above systems. The t e s t 
organisms are removed from the o l d t e s t s o l u t i o n s and are p l a c e d i n 
new, f r e s h l y prepared s o l u t i o n
times each week. A r e p r e s e n t a t i v e sample of the o l d and new s o l u 
t i o n s a t h i g h , medium and low c o n c e n t r a t i o n s are analyzed each time 
the t r a n s f e r s o c c u r . T h i s system i s f r e q u e n t l y used f o r the daphnia 
l i f e - c y c l e t e s t s . I t i s a l s o used when the t e s t chemical has a 
s h o r t h a l f - l i f e i n water or i f the t e s t a n i m a l s must be fed d u r i n g 
the t e s t . 

Length of T e s t s 

Another area I want to d i s c u s s i s the l e n g t h of e c o t o x i c o l o g y 
s t u d i e s . T h i s g e n e r a l l y i s dependant on the type of t e s t . 

Acute S t u d i e s 

Acute a q u a t i c t e s t s normally l a s t 2 t o 4 days depending on the t e s t 
organisms. Chronic t e s t s f o r i n v e r t e b r a t e s , l i k e d a p h n i a , l a s t f o r 
21 to 28 days and may i n v o l v e s e v e r a l g e n e r a t i o n s of o f f s p r i n g . We 
are always l o o k i n g f o r t e s t organisms t h a t w i l l reach m a t u r i t y f a s t e r 
so we can e v a l u a t e the e f f e c t of the t e s t substance on m u l t i p l e 
generat ions i n a s h o r t e r p e r i o d of t i m e . 

C h r o n i c and Subchronic S t u d i e s 

F u l l l i f e - c y c l e or c h r o n i c f i s h s t u d i e s may take two y e a r s or more. 
C o n s e q u e n t l y , b i o l o g i s t s and r e g u l a t o r s are r e q u e s t i n g more s u b -
c h r o n i c s t u d i e s where the t e s t organisms are s u b j e c t e d to t o x i c 
c o n c e n t r a t i o n s d u r i n g t h e i r e a r l y l i f e s tages (egg to f r y ) f o r 
g e n e r a l l y a 30-day exposure p e r i o d . I f t h e r e are m u l t i p l e t e s t 
c o n c e n t r a t i o n s and the t u r n o v e r r a t e f o r the water i s r a p i d enough, 
a l a r g e number of a n a l y s e s and e x t e n s i v e r e c o r d keeping may be 
r e q u i r e d . 

For chemical a n a l y s e s to be u s e f u l to the b i o l o g i s t , a n a l y s e s 
must be t i m e l y . A s i g n i f i c a n t delay i n s u p p l y i n g a water or food 
a n a l y s i s to a b i o l o g i s t c o u l d i n v a l i d a t e a study i f the d e v i a t i o n 
from nominal c o n c e n t r a t i o n i s shown to be too d r a s t i c or f o r too 
l o n g a d u r a t i o n . 

Most of the e c o t o x i c o l o g y t e s t s i n v o l v i n g b i r d s and/or small 

In Good Laboratory Practices; Garner, W., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1988. 



134 GOOD LABORATORY PRACTICES 

mammals have the same requirements as the r a t and mouse t e s t s 
i n v o l v e d i n r o u t i n e t o x i c i t y t e s t i n g and r e q u i r e the same a n a l y s i s 
o f the food and t i s s u e . 

S p e c i a l C o n s i d e r a t i o n s 

Now t h a t we have d i s c u s s e d the terminology and the types of t e s t s 
i n v o l v e d , I want to emphasize some areas t h a t should be w e l l d o c u 
mented i n an e c o t o x i c o l o g y s t u d y . 

I am not going t o go i n t o the more obvious q u a l i t y assurance 
program requirements t h a t are a p p l i c a b l e to a l l l a b o r a t o r i e s . These 
general requirements i n c l u d e the p r o v i s i o n f o r a Q u a l i t y Assurance 
U n i t , the a v a i l a b i l i t y of a q u a l i f i e d s t a f f , the presence of f a c i 
l i t i e s and equipment adequate to p e r m i t the type and number of 
s t u d i e s b e i n g performed, a master schedule of ongoing and completed 
s t u d i e s , s torage areas f o r a c t i v e and used samples, and a r c h i v e s f o r 
the r e t e n t i o n of r e p o r t s

With the e x c e p t i o n of the s p e c i a l h a n d l i n g r e q u i r e d f o r the 
t e s t water , w i l d b i r d s and f i s h , f a c i l i t i e s t h a t conduct r o u t i n e 
mammalian t o x i c i t y s t u d i e s s h o u l d be adequate to conduct e c o t o x i 
cology t e s t i n g . 

S i n c e we are t a l k i n g about t e s t i n g t h a t i s f r e q u e n t l y conducted 
on w i l d s p e c i e s t h a t have not been r o u t i n e l y t e s t e d i n the l a b o r a t o r y 
i t i s important to s t r e s s t h a t Q u a l i t y Assurance personnel be aware 
of s p e c i a l r e q u i r e m e n t s , such as temperature c o n t r o l , l i g h t c o n t r o l , 
cage or tank s i z e , water q u a l i t y , e t c . T h i s i n f o r m a t i o n should be 
a v a i l a b l e i n the p r o t o c o l and the SOP. 

Again, the environmental and t e s t i n g c o n d i t i o n s f o r many w i l d 
mammalian and avian s p e c i e s are c o m p a t i b l e with the domestic 
mammalian s t u d i e s t h a t have been done i n some l a b o r a t o r i e s f o r y e a r s . 
S i n c e some of the e c o t o x i c o l o g y s t u d i e s c o n c e n t r a t e on the n o n l e t h a l 
e f f e c t s of the t e s t substance on the t e s t organisms, i t i s i m p o r t a n t 
t h a t the t e s t c o n d i t i o n s and e v a l u a t i o n c r i t e r i a be a c c u r a t e l y 
d e s c r i b e d and the s t a f f be very aware of s u b l e t h a l e f f e c t s of the 
t o x i c a n t on the t e s t s p e c i e s . 

For a q u a t i c s t u d i e s , i t i s important to f r e q u e n t l y document the 
q u a l i t y of the incoming w a t e r , the q u a l i t y of the water i n which the 
t e s t organisms are h e l d and a c c l i m a t e d , and the q u a l i t y of the water 
i n which the animals are t e s t e d . The t e m p e r a t u r e , a l k a l i n i t y , pH, 
h a r d n e s s , s a l i n i t y , e t c . , may be w e l l w i t h i n the c r i t e r i a t h a t i s 
a c c e p t a b l e f o r mammals and b i r d s but not a q u a t i c a n i m a l s . For 
example, the abrupt changes t h a t c o u l d occur when f i s h and/or 
i n v e r t e b r a t e s are t r a n s f e r r e d from one water q u a l i t y to a n o t h e r , 
c o u l d e i t h e r s t r e s s or k i l l the a n i m a l s . Low c h l o r i n e or mineral 
l e v e l s i n water might be a c c e p t a b l e f o r b i r d s and mammals but may 
be deadly to f i s h o r i n v e r t e b r a t e s . Raw water coming i n t o an 
a q u a t i c l a b o r a t o r y s h o u l d be a n a l y z e d f o r water q u a l i t y and chemical 
r e s i d u e s a t l e a s t q u a r t e r l y , u n t i l a data base has been e s t a b l i s h e d 
t h a t demonstrates t h a t the water q u a l i t y f a l l s w i t h i n a c c e p t a b l e 
parameters and c o n t a i n s no s i g n i f i c a n t contaminants. Semi-annual 
checks s h o u l d then be used to c o n f i r m the c o n t i n u e d a c c e p t a b i l i t y o f 
the water . The l a b o r a t o r y s h o u l d r o u t i n e l y document the q u a l i t y of 
water b e i n g used to h o l d , a c c l i m a t e and t e s t the a q u a t i c organisms 
to assure t h a t the water i s a c c e p t a b l e f o r each t e s t organism. 

In Good Laboratory Practices; Garner, W., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1988. 



18. McCANN Quality Assurance for Ecotoxicology Studies 135 

Types o f E c o t o x i c o l o g y S t u d i e s 

There are approx imately 15 t o 20 types of e c o t o x i c o l o g y s t u d i e s 
t h a t are n o r m a l l y requested by EPA. I am not going to d e s c r i b e them 
a l l , but I do want to f a m i l i a r i z e you w i t h some of them (Table 1 ) . 

Table 1. R e p r e s e n t a t i v e L i s t of Environmental 
T o x i c o l o g y S t u d i e s 

1. Daphnid acute t o x i c i t y t e s t 
2 . Daphnid c h r o n i c t o x i c i t y t e s t ( l i f e - c y c l e ) 
3 . Mysid shrimp acute t o x i c i t y t e s t 
4 . Mysid shrimp c h r o n i c t o x i c i t y t e s t 
5 . Oyster acute t o x i c i t y t e s t 
6 . Oyster b i o c o n c e n t r a t i o n t e s t 
7. Oyster s h e l l growth t e s t 
8 . Penaeid shrimp t o x i c i t
9. Acute f i s h t e s t ( c o l d and warm water) f r e s h and 

s a l t 
10. F i s h b i o c o n c e n t r a t i o n t e s t s ( f r e s h water) 
1 1 . F i s h e a r l y l i f e stage t e s t ( f r e s h and s a l t water) 
1 2 . Av ian d i e t a r y t e s t ( c o l d and warm water) f r e s h and 

s a l t 
1 3 . Av ian r e p r o d u c t i o n t e s t ( m a l l a r d , bobwhite q u a i l ) 
14. Wi ld r o d e n t 5 day f e e d i n g t e s t 
1 5 . W i l d mammal t e s t s ( s k u n k s , w o l v e s , f o x e s , r o d e n t s ) 
16. S p e c i a l avian and mammalian t e s t s 
17. A l g a l acute t o x i c i t y t e s t s 
18. Seed g e r m i n a t i o n / r o o t e l o n g a t i o n t o x i c i t y t e s t 
1 9 . P l a n t uptake and t r a n s l o c a t i o n t e s t 
2 0 . Small p e n / f i e l d s t u d i e s 

B i o l o g i s t s f r e q u e n t l y use daphnia i n f r e s h w a t e r s h o r t and l o n g 
term t e s t s , w h i l e shrimp and o y s t e r s are used to e v a l u a t e the 
p o t e n t i a l t o x i c i t y of c h e m i c a l s to s a l t w a t e r i n v e r t e b r a t e s . 

Freshwater f i s h t e s t s are g e n e r a l l y conducted on b l u e g i l l , a 
warm water f i s h , and rainbow t r o u t , a c o l d water f i s h . C a t f i s h , f a t 
head minnows and sometimes carp are a l s o used depending on the 
expected route of exposure. Sheepshead minnow i s the commonly used 
s a l t w a t e r f i s h . 

Chronic s t u d i e s are conducted on the f a s t - m a t u r i n g f a t h e a d 
minnow and sheepshead minnow. Subchronic s t u d i e s are conducted on 
those s p e c i e s r e l a t i v e l y e a s i l y r a i s e d i n the l a b o r a t o r y ; e . g . , 
fathead minnow, t r o u t and sheepshead minnow. 

The q u a l i t y of the incoming water i s of p a r t i c u l a r concern t o 
i n d i v i d u a l s c o n d u c t i n g a q u a t i c s t u d i e s . P o t a b l e water i s g e n e r a l l y 
r e c o g n i z e d as poor q u a l i t y water f o r f i s h and i n v e r t e b r a t e s . A 
good f r e s h water i s one i n which daphnia w i l l l i v e and s a t i s 
f a c t o r i l y reproduce. 

A v i a n LD50, d i e t a r y LC50, and r e p r o d u c t i o n s t u d i e s are normal ly 
conducted on young or a d u l t m a l l a r d ducks or bobwhite q u a i l , 
depending on the requirements of the t e s t . 

There has not been the same demand f o r e c o t o x i c o l o g y t e s t i n g o f 
mammals because the Agency has r o u t i n e l y extended the r e s u l t s of 
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r o u t i n e ( h e a l t h e f f e c t ) t o x i c o l o g y t e s t s to w i l d mammals. A f i v e -
day f e e d i n g t e s t and o t h e r s p e c i a l t e s t s have been designed to g ive 
the environmental t o x i c o l o g i s t a b e t t e r i d e a of f i e l d exposures of 
mammals and b i r d s to t o x i c m a t e r i a l s . 

B o t a n i c a l t e s t s would be e v a l u a t e d u s i n g s i m i l a r c r i t e r i a as 
those used on o t h e r e c o t o x i c i t y t e s t s . 

A n a l y t i c a l Support 

There are s e v e r a l areas i n a q u a t i c t o x i c o l o g y where chemistry 
support would be very h e l p f u l to the b i o l o g i s t c o n d u c t i n g the 
s t u d y . In o t h e r a r e a s , c h e m i s t r y support i s e s s e n t i a l , e . g . , 
a n a l y s e s of t e s t c o n c e n t r a t i o n s and r e s i d u e s i n t e s t o r g a n i s m s , 
feed and w a t e r . I f chemist ry support i s not a v a i l a b l e to the 
b i o l o g i s t , the b i o l o g i s t s h o u l d have c o n s i d e r a b l e e x p e r t i s e i n 
these chemistry o r i e n t e d a r e a s . I hope to encourage e c o t o x i 
cology t e s t i n g f a c i l i t i e
support to t h e i r b i o l o g i s t s

Test M a t e r i a l 

I am going t o s t a r t the d i s c u s s i o n by t r a c k i n g a t e s t chemical from 
i t s a r r i v a l i n the l a b o r a t o r y to i t s f i n a l a r c h i v i n g and s t o r a g e . 
However, as you w i l l s e e , the r e q u i r e d a n a l y s e s are not l i m i t e d to 
a n a l y s i s of the t e s t s u b s t a n c e . 

When the t e s t m a t e r i a l a r r i v e s a t a f a c i l i t y , t h e r e should be a 
f a c t sheet w i t h i t t h a t l e a v e s no doubt as to the i d e n t i t y of the 
t e s t m a t e r i a l , l o t or batch number, p e r c e n t a c t i v e i n g r e d i e n t , 
s t o r a g e c o n d i t i o n s , e t c . The weighing of the incoming sample can be 
determined by a t e c h n i c i a n . The weight of the sample w i l l serve as 
the s t a r t i n g p o i n t f o r the use l o g f o r the c h e m i c a l . In s e v e r a l 
l a b o r a t o r i e s , I have seen chemists go s e v e r a l s t e p s f u r t h e r . They 
sometimes c o n f i r m the i d e n t i t y and p u r i t y of the sample. They some
t imes i n d i c a t e the s o l v e n t s of p r e f e r e n c e and the s o l u b i l i t y of the 
m a t e r i a l i n the v a r i o u s s o l v e n t s and water. This a i d s the b i o l o g i s t 
i n s e l e c t i n g t e s t c o n c e n t r a t i o n s and a p p r o p r i a t e s o l v e n t s and does 
not c r e a t e unnecessary problems wi th chemical d e t e r m i n a t i o n s l a t e r 
because the wrong s o l v e n t s were used. O b v i o u s l y , a l l the c a l c u 
l a t i o n s , measurements, e t c . , must be adequately record e d to s a t i s f y 
GLP r e q u i r e m e n t s . 

The adequately l a b e l e d c o n t a i n e r s of t e s t m a t e r i a l must be 
s t o r e d i n a p p r o p r i a t e l y l a b e l e d areas under c o n d i t i o n s t h a t w i l l 
have no adverse a f f e c t on the c h e m i c a l ' s s t a b i l i t y , c o m p o s i t i o n , e t c . 

Water A n a l y s i s 

I f s u r f a c e scums or p r e c i p i t a t e s are observed i n an acute study o r 
the p r o t o c o l r e q u i r e s i t , the t e s t c o n c e n t r a t i o n s need to be 
measured and documented. T h i s r e q u i r e s t a k i n g a p p r o p r i a t e samples. 
The i n v e s t i g a t o r must have c o n s i d e r a b l e e x p e r t i s e i n t a k i n g and 
a n a l y z i n g the samples i f the c o n c e n t r a t i o n s are low o r i f s o p h i s t i 
c a t e d a n a l y t i c a l t e c h n i q u e s and/or equipment are needed. In a 
renewal-study o r a c h r o n i c study r e q u i r i n g a f l o w - t h r o u g h system, 
i t i s important to take and measure t e s t c o n c e n t r a t i o n s on a d a i l y 
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b a s i s so t h a t t i m e l y c o r r e c t i o n s can be made i n the d e l i v e r y system 
to m a i n t a i n t e s t c o n c e n t r a t i o n s . I f the samples are not a n a l y z e d i n 
a t i m e l y manner, the b i o l o g i s t may not be a b l e to m a i n t a i n the t e s t 
c o n c e n t r a t i o n s . I f the d e v i a t i o n from the i n t e n d e d c o n c e n t r a t i o n 
o c c u r s f o r too l o n g or i s too severe i t c o u l d i n v a l i d a t e the s t u d y . 
Many of these chemical a n a l y s e s may be too d i f f i c u l t f o r the average 
b i o l o g i s t . 

Test S o l u t i o n s 

Some chemistry u n i t s support the b i o l o g i s t s by p r e p a r i n g the t e s t 
s o l u t i o n s . Whoever prepares the a l i q u o t s of t e s t m a t e r i a l and/or 
makes the stock s o l u t i o n s s h o u l d adequately document the removal of 
the a p p r o p r i a t e amounts of t e s t m a t e r i a l from the bulk c o n t a i n e r . 
The balance readings used to weigh out the samples should become a 
permanent r e c o r d and s h o u l d be r e t a i n e d as o r i g i n a l raw data i n the 
a r c h i v e s . 

The a r c h i v e s s h o u l d be adequate to m a i n t a i n the i d e n t i t y and 
i n t e g r i t y of the sample. In some c a s e s , t h i s c o u l d r e q u i r e f r e e z i n g 
the sample. 

Residue A n a l y s i s 

Chemistry support i s f r e q u e n t l y needed to measure the r e s i d u e s of 
p o s s i b l e t o x i c substances such as p e s t i c i d e s i n each l o t of t e s t 
organisms b e f o r e they are used i n t o x i c i t y t e s t s . The a n a l y s i s 
s h o u l d be e x t e n s i v e enough t h a t the data w i l l document any r e s i d u e s 
t h a t might i n t e r f e r e w i t h the u s e f u l n e s s of the t e s t . 

I n s p e c t o r s and q u a l i t y assurance personnel s h o u l d r o u t i n e l y ask 
t o see the chemical a n a l y s e s or r e s i d u e a n a l y s e s performed on each 
l o t of t e s t organisms used i n b i o a s s a y s t h a t were r e p o r t e d to the 
Agency. 

I f the t e s t organisms were fed w h i l e i n the l a b o r a t o r y , the data 
base f o r the study s h o u l d i n c l u d e documentation t h a t the food was 
f r e e of r e s i d u e s of c h e m i c a l s t h a t c o u l d a d v e r s e l y a f f e c t the 
r e s u l t s of the t e s t . There s h o u l d be a complete r e c o r d of these 
a n a l y s e s i n the a r c h i v e s . 

Water Q u a l i t y 

Another area of concern to an a q u a t i c b i o l o g i s t i s the q u a l i t y of 
the water b e i n g used to h o l d the organisms d u r i n g r e a r i n g , a c c l i m a 
t i o n and t e s t i n g . F r e q u e n t l y b i o l o g i s t s or t e c h n i c i a n s can conduct 
t e s t s to document pH, d i s s o l v e d oxygen, a l k a l i n i t y , h a r d n e s s , and 
s a l i n i t y i n the incoming water and t e s t water . However, i t f r e 
q u e n t l y r e q u i r e s a r e a l commitment of the chemistry support to o b t a i n 
d e t a i l e d a n a l y s e s of the t o x i c chemical and m i n e r a l s i n the incoming 
water used to hold and/or t e s t a q u a t i c organisms. Many of the a n a l y 
ses should be conducted on the incoming water a t l e a s t semi-annu
a l l y ( 1 ) . In the case of new water s u p p l i e s , these a n a l y s e s s h o u l d 
be conducted monthly o r q u a r t e r l y u n t i l the l a b o r a t o r y s t a f f i s a b l e 
to document t h a t no seasonal or p e r i o d i c changes i n water q u a l i t y 
occur t h a t c o u l d a d v e r s e l y a f f e c t t e s t r e s u l t s . T h i s h i s t o r i c a l 
database should be r e t a i n e d by the l a b o r a t o r y as raw d a t a . 
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The Agency's s c i e n t i f i c s t a f f w i l l e v a l u a t e the e f f e c t the 
chemist ry f i n d i n g s might have on the outcome of the s t u d y . 

P o t a b l e water c o n t a i n i n g c h l o r i n e or copper i s g e n e r a l l y c o n 
s i d e r e d t o x i c to many i n v e r t e b r a t e s . Y e t , the l a c k of m i n e r a l s , 
e t c . , i n d i s t i l l e d water makes i t o s m o t i c a l l y unacceptable to many 
a q u a t i c organisms. The f a c t t h a t the water i s f i t f o r human consump
t i o n does not mean the water i s a c c e p t a b l e to a q u a t i c organisms. 

Chemical S t a b i l i t y 

In some cases i t i s necessary to analyze the water sample immediately 
a t the t e s t f a c i l i t y because of the r a p i d breakdown of the chemical 
i n w a t e r , p a r t i c u l a r l y a t some of the low c o n c e n t r a t i o n s t h a t might 
be t o x i c to the t e s t organism. I f samples are to be s t o r e d f o r any 
l e n g t h of t i m e , o r shipped t o another f a c i l i t y f o r a n a l y s i s , the 
l a b o r a t o r y and/or sponsor s h o u l d be a b l e to document the t e s t 
m a t e r i a l s t a b i l i t y i n wate
b i o a s s a y . The data should be a v a i l a b l e to the t e s t i n g f a c i l i t y 
b e f o r e a t e s t i s i n i t i a t e d . Inadequate documentation of the s t a b i 
l i t y of the chemical under t e s t c o n d i t i o n s c o u l d r e s u l t i n the study 
b e i n g u n s a t i s f a c t o r y f o r the purpose i n t e n d e d . Agency i n s p e c t o r s 
s h o u l d document the a v a i l a b i l i t y of the s t a b i l i t y data when water 
and t i s s u e samples are taken f o r r e s i d u e a n a l y s e s d u r i n g the s t u d y . 

When a n a l y s e s on u n s t a b l e t e s t s o l u t i o n s are not conducted i n a 
t i m e l y f a s h i o n , the t e s t r e s u l t s are u n u s a b l e . 

Many l a b o r a t o r i e s have the t e s t chemical examined by the chem
i s t r y s t a f f b e f o r e i t i s t e s t e d i n the l a b o r a t o r y . The chemists 
f r e q u e n t l y i n d i c a t e the s o l v e n t s to be u s e d , the r e l a t i v e s o l u b i l i t y 
of the t e s t m a t e r i a l , and any s p e c i a l i n s t r u c t i o n s c o n c e r n i n g the 
h a n d l i n g or a n a l y s e s of the t e s t m a t e r i a l o r t e s t s o l u t i o n s . An 
e a r l y involvement of a chemist i n the conduct of the bioassay can 
save the b i o l o g i s t many hours of wasted e f f o r t i n t r y i n g to prepare 
t e s t s o l u t i o n s or i n a n a l y z i n g them f o r r e s i d u e s . 

Some very poor h a n d l i n g of very t o x i c c h e m i c a l s o c c u r s because 
the s t a f f i s not aware of the t o x i c i t y of the t e s t c h e m i c a l . At some 
l a b o r a t o r i e s , e x c e s s i v e s a f e t y procedures i n v o l v i n g n o n t o x i c chemi
c a l s are used because the s t a f f do not know a n y t h i n g about the t e s t 
m a t e r i a l . The l a b o r a t o r y s t a f f should be knowledgeable about any 
chemical they are t e s t i n g . For no o t h e r r e a s o n , they should know 
the c h a r a c t e r i s t i c s of the chemical b e f o r e the t r e a t e d water i s 
r e l e a s e d from the f a c i l i t y . 
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Chapter 19 

Proposed Federal Insecticide, Fungicide, 
and Rodenticide Act 

Generic Good Laboratory Practice Standards 

Willa Y. Garner1 and Maureen S. Barge2 

1U.S. Environmental Protection Agency, EN-342, 

2 FMC Corporation

In evaluating the papers from the symposium for 
publication in this book, we, as editors, felt that, 
in order to present a comprehensive picture, we 
should publish the proposed edition of the FIFRA Good 
Laboratory Practice Standards. We incorporated the 
proposed changes in the November 29, 1983, Federal 
Register publication of the final rule to present 
a complete document. The Introduction, Economic 
Analysis, Statutory Requirements, and Other Regulatory 
Requirements from the proposed rule have not been 
included in this document in an effort to conserve 
its length and make i t more of a working document for 
the reader. 

ENVIRONMENTAL PROTECTION AGENCY 

OFFICE OF PESTICIDES AND TOXIC SUBSTANCES 

40 CFR PART 160 

[OPP-300165; FRL 3245-5] 

FEDERAL INSECTICIDE, FUNGICIDE AND RODENTICIDE ACT (FIFRA) ; 
GOOD LABORATORY PRACTICE STANDARDS 

AGENCY: Environmental Protection Agency (EPA). 

ACTION: Proposed Rule. 

SUMMARY: EPA is proposing to expand the scope of the FIFRA Good 
Laboratory Practice (GLP) Standards by requiring GLP compliance for 
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testing conducted in the f i e l d and for such disciplines of testing 
as ecological effects, chemical fate, residue chemistry, and, as 
required by 40 CFR 158.160, product performance (efficacy testing). 
EPA i s proposing this amendment in order to ensure the quality and 
integrity of a l l data submitted to the Agency in conjunction with 
pesticide product registration, or other marketing and research 
permits. EPA i s also proposing to amend the FIFRA GLPs to incor
porate many of the changes made by the Food and Drug Administration 
(FDA) to i t s GLP regulations. 

PART 160 - GOOD LABORATORY PRACTICE STANDARDS 

Subpart A - General Provisions 

Sec. 
160.1 Scope. 
160.3 Definitions. 
160.10 Applicability to studies performed under grants and 

contracts. 
160.12 Statement of compliance or non-compliance. 
160.15 Inspection of a testing f a c i l i t y . 
160.17 Effects of non-compliance. 

Subpart B - Organization and Personnel 

160.29 Personnel. 
160.31 Testing f a c i l i t y management. 
160.33 Study director. 
160.35 Quality assurance unit. 

Subpart C - F a c i l i t i e s 

160.41 General. 
160.43 Test system care f a c i l i t i e s . 
160.45 Test system supply f a c i l i t i e s . 
160.47 F a c i l i t i e s for handling test, control, and reference 

substances. 
160.49 Laboratory operation areas. 
160.51 Specimen and data storage f a c i l i t i e s . 

Subpart D - Equipment 

160.61 Equipment design. 

160.63 Maintenance and calibration of equipment. 

Subpart E - Testing F a c i l i t i e s Operation 

160.81 Standard operating procedures. 
160.83 Reagents and solutions. 
160.90 Animal and other test system care. 
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Subpart F - Test, Control, and Reference Substances 

160.105 Test, control, and reference substance characterization. 
160.107 Test, control, and reference substance handling. 
160.113 Mixtures of substances with carriers. 

Subpart G - Protocol for and Conduct of a Study 

160.120 Protocol. 
160.130 Conduct of a study. 
160.135 Physical and chemical characterization studies. 

Subparts H-I [Reserved] 

Subpart J - Records and Reports 

160.185 Reporting of stud
160.190 Storage and retrieval of records and data. 
160.195 Retention of records. 

Subpart K - [Reserved] 

AUTHORITY: 7 U.S.C. 136 a, 136 c, 136 d, 136 f, 136 j , 136 t, 
136 v, 136 w; 21 U.S.C. 346 a, 348, 371; Reorganization Plan No. 3 
of 1970. 

Subpart A - General Provisions 

§ 160.1 Scope 

(a) This part prescribes good laboratory practices for 
conducting studies that support or are intended to support 
applications for research or marketing permits for pesticide 
products regulated fcy the EPA. This part is intended to assure 
the quality and integrity of data submitted pursuant to sections 
3, 5, 8, 18, and 24(c) of the Federal Insecticide, Fungicide, 
and Rodenticide Act (FIFRA) (7 U.S.C. 136a, 136c, 136f, 136q, 
and 136v(c)) and sections 408 and 409 of the Federal Food, 
Drug, and Cosmetic Act (FEDCA) (21 U.S.C. 346a, 348). 

§ 160.3 Definitions. 

As used in this part the following terms shall have the 
meanings specified: 

"Application for research or marketing permit" includes: 
(1) An application for registration, amended registration, 

or reregistration of a pesticide product under FIFRA sections 3 
or 24(c). 

(2) An application for an experimental use permit under 
FIFRA section 5. 

(3) An application for an exemption under FIFRA section 18. 
(4) A p e t i t i o n or other request f o r establishment or modi

f i c a t i o n of a tolerance, f o r an exemption f o r the need f o r a 
tolerance, or f o r other clearance under FFDCA se c t i o n 408. 
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(5) A petition or other request for establishment or 
modification of a food additive regulation or other clearance 
by EPA under FFDCA section 409. 

(6) A submission of data in response to a notice issued 
by EPA under FIFRA section 3(c)(2)(B). 

(7) Any other application, petition, or submission sent 
to EPA intended to persuade EPA to grant, modify, or leave 
unmodified a registration or other approval required as a 
condition of sale or distribution of a pesticide. 

"Batch" means a specific quantity or lot of a test or 
control substance that has been characterized according to 
§ 160.105(a). 

"Carrier" means any material (e.g., feed, water, s o i l , 
nutrient media) with which the test substance i s combined for 
administration to test organisms. 

"Control substance" means any chemical substance or mixture 
or any other material othe
that i s administered to
for the purpose of establishing a basis for comparison with the 
test substance for no-effect levels. 

"EPA" means the U.S. Environmental Protection Agency. 
"Experimental start date" means the f i r s t date the test 

substance i s applied to the test system. 
"Experimental termination date" means the last date on 

which data are collected directly from the study. 
"FDA" means the U.S. Food and Drug Administration. 
"FFDCA" means the Federal Food, Drug, and Cosmetic Act, 

as amended (21 U.S.C. 321 et seq.). 
"FIFRA" means the Federal Insecticide, Fungicide, and 

Rodenticide Act (7 U.S.C. 136 et seq.). 
"Person" includes an individual, partnership, corporation, 

association, s c i e n t i f i c or academic establishment, government 
agency, or organizational unit thereof, and any other legal 
entity. 

"Quality assurance unit" means any person or organiza
tional element, except the study director, designated by testing 
f a c i l i t y management to perform the duties relating to quality 
assurance of the studies. 

"Raw data" means any laboratory worksheets, records, 
memoranda, notes, or exact copies thereof, that are the result 
of original observations and act i v i t i e s of a study and are 
necessary for the reconstruction and evalution of the report 
of that study. In the event that exact transcripts of raw 
data have been prepared (e.g., tapes which have been transcribed 
verbatim, dated, and verified accurate fcy signature), the exact 
copy or exact transcript may be substituted for the original 
source as raw data. "Raw data" may include photographs, micro
film or microfiche copies, computer printouts, magnetic media, 
including dictated observations, and recorded data from 
automated instruments. 

"Reference substance" means any chemical substance or 
mixture or material other than a test substance, feed, or 
water that is administered to or used i n analyzing the test 
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system i n the course of a study for purposes of establishing 
a basis for comparison with the test substance for known effect 
levels. 

"Specimen" means any material derived from a test system 
for examination or analysis. 

"Sponsor" means: 
(1) A person who initiates and supports, by provision of 

financial or other resources, a study; 
(2) A person who submits a study to the EPA i n support of 

an application for a research or marketing permit; or 
(3) A testing f a c i l i t y , i f i t both initiates and actually 

conducts the study. 
"Study" means any experiment in which a test substance i s 

studied in a test system under laboratory conditions or i n the 
environment to determine or help predict i t s metabolism, product 
performance (efficacy a  required b  40  158.160)  environ
mental and chemical fate
characteristics in humans
The term does not include basic exploratory studies carried cut 
to determine whether a test substance has any potential u t i l i t y . 

"Study completion date" means the date the f i n a l report i s 
signed fcy the study director. 

"Study director" means the individual responsible for 
the overall conduct of a study. 

"Study i n i t i a t i o n date" means the date the protocol i s 
signed by the study director. 

"Test substance" means a substance or mixture administered 
or added to a test system i n a study, which substance or mixture: 

(1) Is the subject of an application for a research or 
marketing permit supported by the study, or i s the contemplated 
subject of such an application; or 

(2) Is an ingredient, impurity, degradation product, 
metabolite, or radioactive isotope of a substance described by 
paragraph (1) of this definition, or some other substance related 
to a substance described by that paragraph, which is used in the 
study to assist i n characterizing the toxicity, metabolism, or 
other characteristics of a substance described fcy that paragraph. 

"Test system" means any animal, plant, microorganism, 
chemical or physical matrix (e.g., s o i l or water), or subparts 
thereof, to which the test or control substance i s administered 
or added for study. "Test system" also includes appropriate 
groups or components of the system not treated with the test, 
control, or reference substance. 

"Testing f a c i l i t y " means a person who actually conducts a 
study, i.e., actually uses the test substance in a test system. 
"Testing f a c i l i t y " encompasses only those operational units that 
are being or have been used to conduct studies. 

"Vehicle" means any agent which f a c i l i t a t e s the mixture, 
dispersion, or solubilization of a test substance with a carrier. 
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§ 160.10 Applicability to studies performed under grants and 
contracts. 

When a sponsor or other person u t i l i z e s the services of 
a consulting laboratory, contractor, or grantee to perform a l l 
or a part of a study to which this part applies, i t shall notify 
the consulting laboratory, contractor, or grantee that the service 
i s , or i s part of, a study that must be conducted in compliance 
with the provisions of this part. 

§ 160.12 Statement of compliance or non-compliance. 

Any person who submits to EPA an application for a research 
or marketing permit and who, i n connection with the application, 
submits data from a study to which this part applies shall i n 
clude i n the applicatio  tru d t statement  signed b
the applicant, the sponsor
following types: 

(a) A statement that the study was conducted in accordance 
with this part; or 

(b) A statement describing i n detail a l l differences 
between the practices used i n the study and those required by 
this part; or 

(c) A statement that the person was not a sponsor of the 
study, did not conduct the study* and does not know whether the 
study was conducted in accordance with this part. 

§ 160.15 Inspection of a testing f a c i l i t y . 

(a) A testing f a c i l i t y shall permit an authorized employee 
or duly designated representative of EPA or FDA, at reasonable 
times and in a reasonable manner, to inspect the f a c i l i t y and to 
inspect (and in the case of records also to copy) a l l records 
and specimens required to be maintained regarding studies to 
which this part applies. The records inspection and copying 
requirements should not apply to quality assurance unit 
records of findings and problems, or to actions recommended 
and taken, except that EPA may seek production of these 
records i n l i t i g a t i o n or formal adjudicatory hearings. 

(b) EPA w i l l not consider reliable for purposes of 
supporting an application for research or marketing permit 
any data developed by a testing f a c i l i t y or sponsor that 
refuses to permit inspection in accordance with this part. 
The determination that a study w i l l not be considered in support 
of an application for a research or marketing permit does not, 
however, relieve the applicant for such a permit of any o b l i 
gation under any applicable statute or regulation to submit the 
results of the study to EPA. 

§ 160.17 Effects of non-compliance. 

(a) EPA may refuse to consider reliable for purposes of 
supporting an application for a research or marketing permit any 
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data from a study which was not conducted in accordance with this 
part. 

(b) Submission of a statement required fcy § 160.12 which 
i s false may form the basis for cancellation, suspension, or 
modification of the research or marketing permit, or denial or 
disapproval of an application for such a permit, under FIFRA 
sections 3, 5, 6, 18, or 24 or FFDCA sections 408 or 409, or for 
criminal prosecution under 18 U.S.C. 2 or 1001 or FIFRA section 
14, or for imposition of c i v i l penalties under FIFRA section 14. 

Subpart B — Organization and Personnel 

§ 160.29 Personnel. 

(a) Each individual engaged in the conduct of or responsible 
for the supervision of a stud  shall hav  education  training d 
experience, or combinatio
perform the assigned functions

(b) Each testing f a c i l i t y shall maintain a current summary 
of training and experience and job description for each individual 
engaged i n or supervising the conduct of a study. 

(c) There shall be a sufficient number of personnel for the 
timely and proper conduct of the study according to the protocol. 

(d) Personnel shall take necessary personal sanitation and 
health precautions designed to avoid contamination of test, 
control, and reference substances and test systems. 

(e) Personnel engaged in a study shall wear clothing 
appropriate for the duties they perform. Such clothing shall be 
changed as often as necessary to prevent microbiological, radio
logical, or chemical contamination of test systems and test, 
control, and reference substances. 

(f) Any individual found at any time to have an illness 
that may adversely affect the quality and integrity of the study 
shall be excluded from direct contact with test systems, and test, 
control, and reference substances, and any other operation or 
function that may adversely affect the study until the condition 
i s corrected. A l l personnel shall be instructed to report to 
their immediate supervisors any health or medical conditions 
that may reasonably be considered to have an adverse effect on 
a study. 

§ 160.31 Testing f a c i l i t y management. 

For each study, testing f a c i l i t y management sh a l l : 
(a) Designate a study director as described in § 160.33 

before the study i s initiated. 
(b) Replace the study director promptly i f i t becomes 

necessary to do so during the conduct of a study. 
(c) Assure that there i s a quality assurance unit as 

described i n § 160.35. 
(d) Assure that test and control substances or mixtures 

have been appropriately tested for identity, strength, purity, 
s t a b i l i t y , and uniformity, as applicable. 
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(e) Assure that personnel, resources, f a c i l i t i e s , 
equipment, materials and methodologies are available as scheduled. 

(f) Assure that personnel clearly understand the functions 
they are to perform. 

(g) Assure that any deviations from these regulations 
reported by the quality assurance unit are communicated to the 
study director and corrective actions are taken and documented. 

§ 160.33 Study director. 

For each study, a scientist or other professional of 
appropriate education, training, and experience, or combination 
thereof, shall be identified as the study director. The study 
director has overall responsibility for the technical conduct of 
the study, as well as for the interpretation, analysis, documen
tation, and reporting of results d represent  th  singl  point 
of study control. The stud

(a) The protocol
provided fcy § 160.120 and i s followed. 

(b) A l l experimental data, including observations of 
unanticipated responses of the test system are accurately recorded 
and verified. 

(c) Unforeseen circumstances that may affect the quality 
and integrity of the study are noted when they occur, and cor
rective action i s taken and documented. 

(d) Test systems are as specified in the protocol. 
(e) A l l applicable good laboratory practice regulations 

are followed. 
(f) A l l raw data, documentation, protocols, specimens, and 

fi n a l reports are transferred to the archives during or at the 
close of the study. 

§160.35 Quality assurance unit. 

(a) A testing f a c i l i t y shall have a quality assurance unit 
which shall be responsible for monitoring each study to assure 
management that the f a c i l i t i e s , equipment, personnel, methods, 
laractices, records, and controls are in conformance with the 
regulations in this part. For any given study the quality 
assurance unit shall be entirely separate from and independent of 
the personnel engaged in the direction and conduct of that study. 

(b) The quality assurance unit s h a l l : 
(1) Maintain a copy of a master schedule sheet of a l l 

studies conducted at the testing f a c i l i t y indexed fcy test 
substance and containing the test system, nature of study, 
date study was initiated, current status of each study, 
identity of the sponsor, and the name of the study director. 

(2) Maintain copies of a l l rarotocols pertaining to 
a l l studies for which the unit i s responsible. 

(3) Inspect each study at intervals adequate to ensure 
the integrity of the study and maintain written and properly 
signed records of each periodic inspection showing the date 
of the inspection, the study inspected, the phase or segment 
of the study inspected, the person performing the inspection, 
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findings and problems, action recommended and taken to resolve 
existing problems, and any scheduled date for reinspection. 
Any problems which are likely to affect study integrity found 
during the course of an inspection shall be brought to the 
attention of the study director and management immediately. 

(4) Periodically submit to management and the study 
director written status reports on each study, noting any 
problems and the corrective actions taken. 

(5) Determine that no deviations from approved protocols 
or standard operating procedures were made without proper 
authorization and documentation. 

(6) Review the fin a l study report to assure that such 
report accurately describes the methods and standard operating 
procedures, and that the reported results accurately reflect 
the raw data of the study. 

(7) Prepare and sig  statement t  b  included with th
f i n a l study report whic
were made and findings reporte
director. 

(c) The responsibilities and procedures applicable to 
the quality assurance unit, the records maintained by the quality 
assurance unit, and the method of indexing such records shall 
be i n writing and shall be maintained. These items including 
inspection dates, the study inspected, the phase or segment of 
the study inspected, and the name of the individual performing 
the inspection shall be made available for inspection to 
authorized employees or duly designated representatives of EPA 
or FDA. 

(d) An authorized employee or a duly designated repre
sentative of EPA or FDA shall have access to the written procedures 
established for the inspection and may request testing f a c i l i t y 
management to certify that inspections are being implemented, 
performed, documented and followed-up in accordance with this 
paragraph. 

Subpart C - F a c i l i t i e s 

§ 160.41 General. 

Each testing f a c i l i t y shall be of suitable size and 
construction to f a c i l i t a t e the proper conduct of studies. Testing 
f a c i l i t i e s which are not located within an indoor controlled 
environment shall be of suitable location to f a c i l i t a t e the fjroper 
conduct of studies. Testing f a c i l i t i e s shall be designed so that 
there i s a degree of separation that w i l l prevent any function or 
activity from having an adverse effect on the study. 

§160.43 Test system care f a c i l i t i e s . 

(a) A testing f a c i l i t y shall have a sufficient number of 
animal rooms or other test system areas, as needed, to ensure: 
proper separation of species or test systems, isolation of indi
vidual projects, quarantine or isolation of animals or other test 
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systems, and routine or specialized housing of animals or other 
test systems. 

(1) In tests with plants or aquatic animals, proper 
separation of species can be accomplished within a roan or area 
by housing them separately i n different chambers or aquaria. 
Separation of species i s unnecessary where the protocol specifies 
the simultaneous exposure of two or more species i n the same 
chamber, aquarium, or housing unit. 

(2) Aquatic toxicity tests for individual projects shall 
be isolated to the extent necessary to prevent cross-contamination 
of different chemicals used in different tests. 

(b) A testing f a c i l i t y shall have a number of animal rooms 
or other test system areas separate from those described in 
paragraph (a) of this section to ensure isolation of studies being 
done with test systems or test, control, and reference substances 
known to be biohazardcus  including volatile substances  aerosols
radioactive materials, an

(c) Separate area
the diagnosis, treatment, and control of laboratory test system 
diseases. These areas shall provide effective isolation for 
the housing of test systems either known or suspected of being 
diseased, or of being carriers of disease, from other test systems. 

(d) F a c i l i t i e s shall have proper provisions for collection 
and disposal of contaminated water, s o i l , or other spent materials. 
When animals are housed, f a c i l i t i e s shall exist for the collection 
and disposal of a l l animal waste and refuse or for safe sanitary 
storage of waste before removal from the testing f a c i l i t y . 
Disposal f a c i l i t i e s shall be so provided and operated as to mini
mize vermin infestation, odors, disease hazards, and environmental 
cont aminat ion. 

(e) F a c i l i t i e s shall have provisions to regulate environ
mental conditions (e.g., temperature, humidity, photoperiod) as 
specified in the protocol. 

(f) For marine test organisms, an adequate supply of clean 
sea water or a r t i f i c i a l sea water (prepared from deionized or 
d i s t i l l e d water and sea salt mixture) shall be available. The 
ranges of composition shall be as specified in the protocol. 

(g) For freshwater organisms, an adequate supply of clean 
water of the appropriate hardness, pH, and temperature, and free 
of contaminants capable of interfering with the study, shall be 
available as specified i n the protocol. 

(h) For plants, an adequate supply of s o i l of the appro
priate composition, as specified i n the protocol, shall be 
available as needed. 

§ 160.45 Test system supply f a c i l i t i e s . 

(a) There shall be storage areas, as needed, for feed, 
nutrients, soils, bedding, supplies, and equipment. Storage 
areas for feed, nutrients, soils, and bedding shall be separated 
from areas housing the test systems and shall be protected against 
infestation or contamination. Perishable supplies shall be 
preserved by appropriate means. 
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(b) When appropriate, plant supply f a c i l i t i e s shall be 
provided. These include: 

(1) F a c i l i t i e s , as specified in the protocol, for holding, 
culturing, and maintaining algae and aquatic plants. 

(2) F a c i l i t i e s , as specified in the protocol, for plant 
growth (e.g., greenhouses, growth chambers, light banks). 

(c) When appropriate, f a c i l i t i e s for aquatic animal tests 
shall be provided. These include aquaria, holding tanks, ponds, 
and ancillary equipment, as specified i n the protocol. 

§ 160.47 F a c i l i t i e s for handling test, control, and reference 
substances. 

(a) As necessary to prevent contamination or mixups, there 
shall be separate areas for: 

(1) Receipt and
substances. 

(2) Mixing of th , ,
with a carrier, e.g., feed. 

(3) Storage of the test, control, and reference substance 
mixtures. 

(b) Storage areas for the test, control, and/or reference 
substance and for test, control, and/or reference mixtures shall 
be separate from areas housing the test systems and shall be 
adequate to preserve the identity, strength, purity, and s t a b i l i t y 
of the substances and mixtures. 

§ 160.49 Laboratory operation areas. 

Separate laboratory space and other space shall be provided, 
as needed, for the performance of the routine and specialized 
procedures required by studies. 

§ 160.51 Specimen and data storage f a c i l i t i e s . 

Space shall be provided for archives, limited to access by 
authorized personnel only, for the storage and retrieval of a l l 
raw data and specimens from completed studies. 

Sutpart D - Equipment 

§ 160.61 Equipment design. 

Equipment used i n the generation, measurement, or assessment 
of data and equipment used for f a c i l i t y environmental control 
shall be of appropriate design and adequate capacity to function 
according to protocol and shall be suitably located for operation, 
inspection, cleaning, and maintenance. 

§ 160.63 Maintenance and calibration of equipment. 

(a) Equipment shall be adequately inspected, cleaned, and 
maintained. Equipment used for the generation, measurement, or 
assessment of data shall be adequately tested, calibrated, and/or 
standardized. 

In Good Laboratory Practices; Garner, W., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1988. 



150 GOOD LABORATORY PRACTICES 

Published literature may be used as a supplement to standard 
operating procedures. 

(d) A hi s t o r i c a l f i l e of standard operating procedures, 
and a l l revisions thereof, including the dates of such revisions, 
shall be maintained. 

§ 160.83 Reagents and solutions. 

A l l reagents and solutions in the laboratory areas shall 
be labeled to indicate identity, t i t e r or concentration, storage 
requirements, and expiration date. Deteriorated or outdated rea
gents and solutions shall not be used. 

§ 160.90 Animal and other test system care. 

(a) There shall b  standard operatin  procedure  fo  th
housing, feeding, handling
systems. 

(b) A l l newly received test systems from outside sources 
shall be isolated and their health status or appropriateness for 
the study evaluated. Ihis evaluation shall be in accordance with 
acceptable veterinary medical practice or sci e n t i f i c practice. 

(c) At the i n i t i a t i o n of a study, test systems shall be 
free of any disease or condition that might interfere with the 
purpose or conduct of the study. If, during the course of the 
study* the test systems contract such a disease or condition, the 
diseased test systems should be isolated, i f necessary. These test 
systems may be treated for disease or signs of disease provided 
that such treatment does not intefere with the study. The 
diagnosis, authorization of treatment, description of treatment, 
and each date of treatment shall be documented and shall be 
retained. 

(d) Warm-blooded animals, adult reptiles, and adult 
te r r e s t r i a l amphibians used i n laboratory procedures that require 
manipulations and observations over an extended period of time or 
in studies that require these test systems to be removed from and 
returned to their test system-housing units for any reason (e.g., 
cage cleaning, treatment, etc.) shall receive appropriate iden
t i f i c a t i o n (e.g., tattoo, toe cl i p , color code, ear tag, ear 
punch, etc.). A l l information needed to specifically identify 
each test system within the test system-housing unit shall appear 
on the outside of that unit. Suckling mammals and juvenile birds 
are excluded from the requirement of individual identification 
unless otherwise specified in the protocol. 

(e) Except as specified i n paragraph (e)(1) of this section, 
test systems of different species shall be housed in separate 
rooms when necessary. Test systems of the same species, but used 
in different studies, should not ordinarily be housed in the same 
room when inadvertent exposure to test, control, or reference 
substances or test system mixup could affect the outcome of 
either study. If such mixed housing i s necessary, adequate 
differentiation ty space and identification shall be made. 

(1) Plants, invertebrate animals, aquatic vertebrate 
animals, and organisms that may be used i n multispecies tests need 
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not be housed in separate rooms, provided that they are adequately 
segregated to avoid mixup and cross contamination. 

(2) [Reserved] 
(f) Cages, racks, pens, enclosures, aquaria, holding tanks, 

ponds, growth chambers, and other holding, rearing and breeding 
areas, and accessory equipment, shall be cleaned and sanitized at 
appropriate intervals. 

(g) Feed, s o i l , and water used for the test systems shall 
be analyzed periodically to ensure that contaminants known to be 
capable of interfering with the study and reasonably expected to 
be present i n such feed, s o i l , or water are not present at levels 
above those specified i n the protocol. Documentation of such 
analyses shall be maintained as raw data. 

(h) Bedding used in animal cages or pens shall not interfere 
with the purpose or conduct of the study and shall be changed as 
often as necessary to kee  th  animal  dr d clean

(i) If any pest contro
be documented. Cleanin
with the study shall not be used. 

(j) A l l plant and animal test organisms shall be 
acclimatized, prior to their use in an experiment, to the environ
mental conditions of the test. 

Subpart F - Test, Control, and Reference Substances 

§ 160.105 Test, control, and reference substance characterization. 

(a) The identity, strength, purity, and composition or other 
characteristics which w i l l appropriately define the test, control, 
or reference substance shall be determined for each batch and 
shall be documented before i t s use in an experiment. Methods 
of synthesis, fabrication, or derivation of the test, control, 
or reference substance shall be documented by the sponsor or the 
testing f a c i l i t y . 

(b) The s t a b i l i t y and, when relevant to the conduct of the 
experiment, the solubility of each test, control, or reference 
substance shall be determined by the testing f a c i l i t y or by the 
sponsor before the experimental start date. Where periodic analysis 
of each batch is required by the protocol, there shall be written 
standard operating procedures that shall be followed. 

(c) Each storage container for a test, control, or 
reference substance shall be labeled by name, chemical abstracts 
service (CAS) number or code number, batch number, expiration 
date, i f any, and, where appropriate, storage conditions necessary 
to maintain the identity, strength, purity, and composition of the 
test, control, or reference substance. Storage containers shall 
be assigned to a particular test substance for the duration of the 
study. 

(d) For studies of more than 4 weeks' duration, reserve 
samples from each batch of test, control, and reference substance 
shall be retained for the period of time provided by § 160.195. 

(e) The s t a b i l i t y of test, control, and reference sub
stances under test conditions shall be known for a l l studies. 
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§ 160.107 Test, control, and reference substance handling. 

Procedures shall be established for a system for the 
handling of the test, control, and reference substances to ensure 
that: 

(a) There i s proper storage. 
(b) Distribution i s made in a manner designed to preclude 

the possi b i l i t y of contamination, deterioration, or damage. 
(c) Proper identification i s maintained throughout the 

distribution process. 
(d) The receipt and distribution of each batch i s 

documented. Such documentation shall include the date and 
quantity of each batch distributed or returned. 

§ 160.113 Mixtures of substances with carriers. 

(a) For each test
i s mixed with a carrier
s h a l l be conducted: 

(1) To determine the uniformity of the mixture and to 
determine, periodically, the concentration of the test, control, 
or reference substance in the mixture. 

(2) To determine the s t a b i l i t y and, when relevant to the 
conduct of the experiment, the solubility of the test, control, or 
reference substance in the mixture before the experimental start 
date. Determination of the s t a b i l i t y and solubility of the test, 
control, or reference substance i n the mixture shall be done 
under the environmental conditions specified in the protocol and 
as required by the conditions of the experiment. Where periodic 
analysis of the mixture i s required fcy the protocol, there shall 
be written standard operating procedures that shall be followed. 

(b) Where any of the components of the test, control, or 
reference substance carrier mixture has an expiration date, that 
date shall be clearly shown on the container. If more than one 
component has an expiration date, the earliest date shall be shown. 

(c) If a vehicle i s used to f a c i l i t a t e the mixing of a test 
substance with a carrier, assurance shall be provided that the 
vehicle does not interfere with the integrity of the test. 

Subpart G - Protocol for and Conduct of a Study 

§ 160.120 Protocol. 

(a) Each study shall have an approved written protocol that 
clearly indicates the objectives and a l l methods for the conduct 
of the study. The protocol shall contain but shall not necessarily 
be limited to the following information: 

(1) A descriptive t i t l e and statement of the purpose of the 
study. 

(2) Identification of the test, control, and reference 
substance by name, chemical abstracts service (CAS) number or code 
number. 

(3) The name and address of the sponsor and the name and 
address of the testing f a c i l i t y at which the study i s being conducted. 
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(4) The proposed experimental start and termination dates. 
(5) Justification for selection of the test system. 
(6) Where applicable, the number, body weight, sex, source 

of supply, species, strain, substrain, and age of the test system. 
(7) The procedure for identification of the test system. 
(8) A description of the experimental design, including 

methods for the control of bias. 
(9) Where applicable, a description and/or identification 

of the diet used in the study as well as solvents, emulsifiers 
and/or other materials used to solubilize or suspend the test, 
control, or reference substances before mixing with the carrier. 
The description shall include specifications for acceptable levels 
of contaminants that are reasonably expected to be present i n 
the dietary materials and are known to be capable of interfering 
with the purpose or conduct of the study i f t^resent at levels 
greater than established t  th  specifications

(10) The route of
choice. 

(11) Each dosage level, expressed in milligrams per kilogram 
of body or test system weight or other appropriate units, of the 
test, control, or reference substance to be administered and the 
method and frequency of administration. 

(12) The type and frequency of test analyses, and measure
ments to be made. 

(13) The records to be maintained. 
(14) The date of approval of the protocol by the sponsor 

and the dated signature of the study director. 
(15) A statement of the proposed s t a t i s t i c a l method. 
(b) A l l changes i n or revisions of an approved protocol 

and the reasons therefore shall be documented, signed ty the study 
director, dated, and maintained with the protocol. 

§ 160.130 Conduct of a study. 

(a) The study shall be conducted i n accordance with the 
protocol. 

(b) The test systems shall be monitored in conformity with 
the protocol. 

(c) Specimens shall be identified by test system, study, 
nature, and date of collection. This information shall be located 
on the specimen container or shall accompany the specimen in a 
manner that precludes error i n the recording and storage of data. 

(d) In animal studies where histopathology i s required, 
records of gross findings for a specimen from postmortem observa
tions shall be available to a pathologist when examining that 
specimen histcpathologically. 

(e) A l l data generated during the conduct of a study, 
except those that are generated by automated data collection 
systems, shall be recorded directly, promptly, and legibly in 
ink. A l l data entries shall be dated on the day of entry and 
signed or i n i t i a l e d ley the person entering the data. Any change 
in entries shall be made so as not to obscure the original entry, 
shal l indicate the reason for such change, and shall be dated and 
signed or identified at the time of the change. In automated data 
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collection systems, the individual responsible for direct data 
input shall be identified at the time of data input. Any change 
i n automated data entries shall be made so as not to obscure the 
original entry* shall indicate the reason for change, shall be 
dated, and the responsible individual shall be identified. 

§ 160.135 Physical and chemical characterization studies. 

(a) Except as provided i n paragraph (b) of this section, 
the following provisions shall not apply to studies designed to 
determine physical and chemical characteristics of a test, control, 
or reference substance: 

§ 160.31(c), (d), and (g) 
§ 160.35(b) and (c) 
§ 160.43 
§ 160.45 
§ 160.47 
§ 160.49 
§ 160.81(b)(1), (2), (6) through (9), and (12) 
§ 160.90 
§ 160.105(a) through (d) 
§ 160.113 
§ 160.120(a)(5) through (12), and (15) 
§ 160.185(a)(5) through (8), (10), (12), and (14) 
§ 160.195(c) and (d). 
(b) The exemptions provided in paragraph (a) of this 

section shall not apply to physical/chemical characterization 
studies designed to determine st a b i l i t y , solubility, octanol water 
partition coefficient, v o l a t i l i t y , and persistence (such as bio-
degradation, photodegradation, and chemical degradation studies), 
and such studies shall be conducted i n accordance with this part. 

Subparts H and I - [Reserved] 

Sutpart J - Records and Reports 

§ 160.185 Reporting of study results. 

(a) A f i n a l report shall be prepared for each study and 
sha l l include, but not necessarily be limited to, the following: 

(1) Name and address of the f a c i l i t y performing the study 
and the dates on which the study was initiated and was completed, 
terminated, or discontinued. 

(2) Objectives and procedures stated in the approved 
protocol, including any changes in the original protocol. 

(3) S t a t i s t i c a l methods employed for analyzing the data. 
(4) The test, control, and reference substances identi

f i e d ty name, chemical abstracts service (CAS) number or code 
number, strength, purity, and composition, or other appropriate 
characteristics. 

(5) Stability and, when relevant to the conduct of the 
experiment, the solubility of the test, control, and reference 
substances under the conditions of administration. 

(6) A description of the methods used. 
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(7) A description of the test system used. Where 
applicable, the f i n a l report shall include the number of animals 
used, sex, body weight range, source of supply, species, strain 
and substrain, age, and procedure used for identification. 

(8) A description of the dosage, dosage regimen, route of 
administration, and duration. 

(9) A description of a l l circumstances that may have 
affected the quality or integrity of the data. 

(10) The name of the study director, the names of other 
scientists or professionals, and the names of a l l supervisory 
personnel involved in the study. 

(11) A description of the transformations, calculations, 
or operations performed on the data, a summary and analysis of 
the data, and a statement of the conclusions drawn from the 
analysis. 

(12) The signed and dated f h f th  individual 
scientists or other professional
each person who, at the reques g 
f a c i l i t y or sponsor, conducted an analysis or evaluation of data 
or specimens from the study after data generation was completed. 

(13) The locations where a l l specimens, raw data, and the 
fi n a l report are to be stored. 

(14) The statement prepared and signed ty the quality 
assurance unit as described i n § 160.35(b)(7). 

(b) The f i n a l report shall be signed and dated ty the study 
director. 

(c) Corrections or additions to a fi n a l report shall be i n 
the form of an amendment ty the study director. The amendment 
shall clearly identify that part of the f i n a l report that i s 
being added to or corrected and the reasons for the correction or 
addition, and shall be signed and dated by the person responsible. 

(d) A copy of the f i n a l report and of any amendment to i t 
sha l l be maintained ty the sponsor and the testing f a c i l i t y . 

§ 160.190 Storage and retrieval of records and data. 

(a) A l l raw data, documentation, records, protocols, 
specimens, and f i n a l reports generated as a result of a study 
shall be retained. Specimens obtained from mutagenicity tests, 
specimens of s o i l , water, and plants, and wet specimens of blood, 
urine, feces, and biological fluids do not need to be retained 
beyond quality assurance. Correspondence and other documents re
lating to interpretation and evaluation of data, other than those 
documents contained i n the f i n a l report, also shall be retained. 

(b) There shall be archives for orderly storage and 
expedient retrieval of a l l raw data, documentation, protocols, 
specimens, and interim and f i n a l reports. Conditions of storage 
shall minimize deterioration of the documents or specimens i n 
accordance with the requirements for the time period of their 
retention and the nature of the documents or specimens. A 
testing f a c i l i t y may contract with commercial archives to 
provide a repository for a l l materials to be retained. Raw 
data and specimens may be retained elsewhere provided that the 
archives have specific reference to those other locations. 
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(c) An individual shall be identified as responsible for 
the archives. 

(d) Only authorized personnel shall enter the archives. 
(e) Material retained or referred to in the archives shall 

be indexed to permit expedient retrieval. 

§ 160.195 Retention of records. 

(a) Record retention requirements set forth in this section 
do not supersede the record retention requirements of any other 
regulations in this subchapter. 

(b) Except as provided in paragraph (c) of this section, 
documentation records, raw data, and specimens pertaining to a 
study and required to be retained by this part shall be retained 
in the archive(s) for whichever of the following periods is 
longest: 

(1) In the case o
for a research or marketin
during which the sponsor holds any research or marketing permit 
to which the study i s pertinent. 

(2) A period of at least five years following the date on 
which the results of the study are submitted to the EPA in support 
of an application for a research or marketing permit. 

(3) In other situations (e.g., where the study does not 
result in the submission of the study in support of an application 
for a research or marketing permit), a period of at least two years 
following the date on which the study i s completed, terminated, or 
discontinued. 

(c) Wet specimens, samples of test, control, or reference 
substances, and specially prepared material which are relatively 
fragile and d i f f e r markedly in s t a b i l i t y and quality during 
storage, shall be retained only as long as the quality of the 
preparation affords evaluation. Specimens obtained from 
mutagencity tests, specimens of s o i l , water, and plants, and wet 
specimens of blood, urine, feces, biological fluids, do not need 
to be retained beyond quality assurance review. In no case shall 
retention be required for longer periods than those set forth in 
paragraph (b) of this section. 

(d) The master schedule sheet, copies of protocols, and 
records of quality assurance inspections, as required by 
§ 160.35(c) shall be maintained by the quality assurance unit as 
an easily accessible system of records for the period of time 
specified in paragraph (b) of this section. 

(e) Summaries of training and experience and job descrip
tions required to be maintained by § 160.29(b) may be retained 
along with a l l other testing f a c i l i t y employment records for the 
length of time specified in paragraph (b) of this section. 

(f) Records and reports of the maintenance and calibration 
and inspection of equipment, as required ty § 160.63(b) and (c), 
shall be retained for the length of time specified in paragraph 
(b) of this section. 

(g) If a f a c i l i t y conducting testing or an archive 
contracting f a c i l i t y goes out of business, a l l raw data, docu
mentation, and other material specified in this section shall 
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be transferred to the archives of the sponsor of the study. The 
EPA shall be notified i n writing of such a transfer. 

(h) Specimens, samples, or other non-documentary materials 
need not be retained after EPA has notified i n writing the sponsor 
or testing f a c i l i t y holding the materials that retention i s no 
longer required by EPA. Such notification normally w i l l be 
furnished upon request after EPA or FDA has completed an audit 
of the particular study to which the materials relate and EPA 
has concluded that the study was conducted in accordance with 
this part. 

(i) Records required by this part may be retained either as 
original records or as true copies such as photocopies, microfilm, 
microfiche, or other accurate reproduction of the original records. 

Subpart K - [Reserved] 
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"true" copies, 93,94 

Definitions (proposed) 
application for research or 
marketing permit, 141 

batch, 142 
carrier, 142 
control substance, 142 
EPA, 142 
experimental start date, 142 
FDA, 142 
Federal Food, Drug, and Cosmetic 

Act (FFDCA), 142 
FIFRA, 142 
person, 142 
QAU, 142 
raw data, 142 
reference substance, 142 
specimen, 143 
sponsor, 143 
study, 143 
study completion date, 143 
study director, 143 
study initiation date, 143 
test substance, 143 
test system, 143 
testing facility, 143 
vehicle, 143 
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Diseases, isolation, 148 
Documentation 
chain of custody, 76 
chemical characterization, 91 
ecotoxicology studies, 134 
forms, 111 
gas chromatographic parameters, 89,90/ 
liquid chromatographic 

parameters, 89,90/ 
maintenance log, 85,86/ 
mixing procedure, 89 
paper trail, 42 
sample storage, 76 
SOP, 48 
staff qualifications, 76 
standards preparation sheet, 110,112/ 
waste disposal, 76 

Dow analytical laboratory practices
Drug processing, computer system

validation, 66 

E 

Ecotoxicology studies 
aquatic—See Aquatic ecotoxicology 

studies 
aquatic studies, 132 
audits, 87 
avian L D 5 0 , 135 
birds and small mammals, 134 
chronic studies, fish, 135 
definition, 131 
dietary L C 5 0 , 135 
documentation, 134 
freshwater fish tests, 135 
QA, 131-138 
types, 135/ 
vs. health effects studies, 132 
waste water, 132 
water analysis, 134 
water quality, 132-135 

Education, GLP compliance training, 100 
Efficacy studies, proposed GLP 

regulation, 22 
EN-CAS QA manual, 108-109,110/ 
Equipment 
calibration, 149-150 
design, 149 
maintenance, 149-150 
maintenance and calibration, 19-20 

Excellence, description, 107 
Experimental design, flexibility, 119 
Experimental start date, proposed 

definition, 142 
F 

Facilities 
adequate, 19 
animal care, 147-148 

Facilities—Continued 
archives, 149 
handling substances, 149 
laboratory operation areas, 149 
supply, 148-149 

Federal Insecticide, Fungicide, 
and Rodenticide Act (FIFRA), 4,75,142 

Federal Insecticide Fungicide 
and Rodenticide Act 
Generic GLP regulations (proposed) 

compliance inspections, 22 
data recording, 22 
definitions, charges, 16-18 
effective date, estimated, 84 
efficacy studies, 22 
field testing, 15 
purpose (preamble), 15,83-85 

scope, 16,84 
section titles, charges, 18 
study director, 22 
study types covered, 22 
text, 139-158 

Field residue program 
analysis information, 63 
field locations, 62 
field samples, 63 
protocol, 62 
raw data, 62 
records, 63/ 
test chemical, 62 

Field studies 
development section technical 

representatives, 101 
proposed extension of GLP 

standards, 15 
research farm staffs, 101 
sample control, 93,94/ 

Final report narrative, 80 
Flow-through tests, 132,136 
Food, Drug, and Cosmetic Act, 75 
Formulated diets, homogeneity, 87 

G 

Gas chromatograph maintenance 
log, 85,86/ 

Generic GLP 
EPA perspective, 13-23 
explanation, 15 
generalities, problems, 42-43 
proposed under FIFRA, 47-48 

Good Laboratory Practices (GLP) 
academic setting 
cost, 127 
implementation difficulty, 127 
QAU, 127 
SOP, 127 
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Good Laboratory Practices (GLP) 
academic setting—Continued 

chemistry studies, 9-12 
cost of compliance, 124 
documentation, 42 

generic—See Generic GLP 
historical perspective, 1-5,47-48 
implementation at DOW Chemical 

Company, 32 
industry perspective, 7-12 
international chemical trade, 2 
pesticide clearances, 126-127 
principles, 14 
proposed extension, 13-23 

toxicology, 9 
trade barriers, 2 
university compliance, 122-124 

See also Federal Insecticide Fungicid
and Rodenticide Act 

Generic GLP regulations (proposed) 

H 

Health effects studies, audits, 87 
Nonclinical laboratory studies, 8 

regulations, history, 47-48 
Historical perspective 
international issues, 2-4 
nonclinical laboratory 

studies, 8 
OECD expert group on GLP, 2-4 
problems, late 1960s, 2 
regulatory agencies, 2 

Implementation document, comparability 
of GLP compliance programs, 3 

Implementation of GLP, testing site, 76 
Implementation phase, description, 38-39 
Implementation programs, United 

States, 4 
Impurities, treatment, 91 
Inconsistent results, explanations, 108 
Inspection function of QAU, 113 
Inspections 

EPA GLP inspection procedure, 84 
master schedule sheet, 84-85,86/ 
rules of conduct, 78/ 
reports, 80/ 

International issues in GLP regulation 
barrier to trade, 2 
chemical trade, 2 
comparability of GLP compliance 

programs, 3 
expert group on GLP, 2-4 
guidelines, 2 
OECD principles of GLP, 2-4 

L 

Labeling, 85,86/ 
Laboratory information management system 

(LIMS), 64 
Laboratory quality assurance unit, 

evaluation, 78/ 

M 

Maintenance log, 85,86/ 
Management 

commitment to quality, 108-109 
compliance role, 36 
directive role, 24-26 
quality assurance as tool, 76 

SOP, 51 
standards of performance 

responsibility, 45 
supportive role, 24-26 

Master schedule, 146 
contents, 101 
description, 101 
experimental start date, 85 
experimental termination date, 85 
study completion date, 85 
study initiation date, 85 

Metabolism studies, procedural SOP, 53 
Mixtures of substances with 

carriers, 152 

N 

National Agricultural Chemical 
Association (NACA) 

GLP for chemistry studies, 9-12 
guidelines for GLP, 7 
history, 8-9 
position papers, 9 
raw data, definition, 8 
subcommittee on GLP 

for chemistry studies, 9 
regulations, history, 47-48 

Noncompliance audits, 11-12 
Notebook entry errors, list, 96 

O 

Organization for Economic Cooperation 
and Development (OECD), expert group 
on GLP, 2-4 

P 

Peer review, 126-127 
Person, proposed definition, 142 
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Personnel 
acceptance, 39 
antagonism, 37 
clothing, 145 
compliance with GLP, 37 
computer systems validation, 67 
documentation of training and 

analytical proficiency, 76 
education, 145 
illness, 145 
involvement of entire staff in QA 

program, 27-33 
misinformation, 37 
preparation of SOP, 51 
QAU manager, 36-38 
qualifications, description, 19 
records maintenance, 43 
resignation, 38-39 
resistance, 38 
responsible users, 68 
sample coordinator, 102 
study coordinator, 100 
study director, 100,146 
support, 39 
training, 37 
vital, 145 

Pesticides 
clearances, 126-129 
generic GLP, 47-48 
registration, 42,127 

Physical characterization studies, 154 
Preinitiation conference, 59 
Preparation phase, compliance, 36-37 
Project manager, response to inspection 

report, 79 
Project tracking, computer systems 

validation, 72-73 
Protocol 
ambiguity, 58 
audit, 101 
conduct of study, 152-153 
costing, 57 
description, 48 
design considerations, 58-59 
development, 101 
efficiency of effort, 58 
focus of responsibilities, 56 
format, 59 
historical derivation of the term, 55 
impact on research activities, 55-60 
objective, 56 
preinitiation conference, 59 
prestudy planning, 57 
purpose, 56-57 
review by QAU, 57 
requirements, 21 
specificity, 58 
vs. SOP 

Q 

Quality 
definition, 41 
resolution of chromatography, 44 
subjectivity, 41-42 

Quality assurance (QA) 
analytical laboratory, 35-40 
standard operating procedures, 21 

Quality assurance program 
agricultural chemicals residue field 

trials program, 99-106 
bench chemist involvement, 27-28 
communications, 32 
costs and benefits, 116 
educational resources, 30 
teamwork approach, 32 

Quality assurance officer 
hands-on experience, 110 
qualifications, 113 
selection, 110 

Quality assurance practices, general, 
Cornell University 
laboratory, 120-121 

Quality assurance program, 
implementation, 27-33 

Quality assurance unit (QAU) 
advisory, 114 
computer systems validation, 67 
custodial, 114 
definition, proposed, 142 
establishment, 4-5 
evaluation by management, 25 
inspection, 77,113 
manager, 4-5,36 
monitoring by management, 25 
personnel, 36 
position within organizational 

hierarchy, 24-25 
purpose, 77 
questions, 36 
record keeping, 113 
relationship to management, 77,78/ 
reporting, 113 
responsibilities, 20-24,36 

146-147 
responsibilities associated with 

SOP, 51 
role of management, 24-26 
specialized, 77 
training, 114 
training programs, 5 
university setting, 127 
costs, 128 
director, 128 
negative aspects, 123-124,128 
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Quality Assurance Unit (QAU) 
university setting—Continued 

quality, 128 
selection directors, 128 
suggestions, 128 

Quality assurance unit manager 
GLP interpreter, 36-37 
qualifications, 36 
regulatory inspections, 39 
responsibilities, 36-38 

Quality control 
peer review system, 126 
vs. quality assurance, 44-45,76 

QUIZ software, 65 

R 

Raw data 
chromatograms, 89 
data validation, 93 
definitions, 8,61-65,142 
documentation, 61-65 
field residue program, 62-63 
responsibility, 96 
secondary, 61 
types, 61 

Reagents and solutions, 150 
Record-keeping function of QAU, 113 
Records maintenance, responsibility, 97 
Reference substance 
characterization, 91,151 -152 
definitions, proposed, 142 
handling, 152 

Regulatory inspection, QAU manager, 
role, 39 

Regulatory schedule, 21 
Regulatory unit within university 

jurisdiction, 117-125 
Regulatory-directed studies 
vs. basic research, 118 
within the science community, 118 

Renewal study, 136 
Reporting function of QAU, 113 
Residue analysis, chemistry support, 137 
Residue samples 
chain-of-custody, 103 
identification numbers, 103 
records maintenance, 103 

Responsible user, 68,73-74 
Retention of records, 156 
Retrieval methods 
chromatographic laboratory analysis 

system (CLAS), 64 
data, 155 
hierarchical paper data file, 64 
laboratory information management 

system (LIMS), 64 
QUIZ software, 65 

Risk analysis, computer systems 
validation, 72 

Sample collection, 93 
Sample control, field studies, 93,94/ 
Sample handling procedures, field 

studies, 105 
Sample handling records, 63 
Sample retention, 12,62 
Sample storage freezers 
access, 103-104 
electronic monitoring system, 104 
location, 103 
temperature alarms, 104 

Specimen, propose ,
Sponsor 
communication with contract lab, 114 
contact person, 114 
proposed definition, 143 
expectations of the contract 

lab, 115-116 
obligations to contract lab, 114-115 

Standard operating procedures (SOP) 
audits, 44 
content, 50-51 
controlled distribution, 102 
definition, 20,48 
detail, 20,50 
documentation, 48 
EPA inspection, 52-53 
history of compliance, 2-5 
indexing, 50 
location, 52 
model, 129 
negative aspects, 128-129 
numbering, 50 
objective, 68 
organization, 49-50 
preparation, guidelines, 49-50 
purpose, 48 
quality assurance unit (QAU), 21 
reference to published literature, 50 
residue analyses, 20 
revisions, 52 
sample retention, 52 
scope, 68 
tailored, 129 
training, 48 
university setting 
cost 

increased, 129 
initial, 129 
set-up stage, 129 

establishment, 129 
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Standard operating procedures (SOP) 
establishment—Continued 
funding, 129 
negative aspects, 128-129 
suggestions, 129 

validation requirements, 68 
value, 48-49 
vs. creativity, 128 
vs. protocols, 48 
writing, 42-44 

Storage facilities 
needs, 62 
types, 62 

Storage of data, 155 
Study 
characteristics, 17-18 
definitions 

current, 16-17 
differences, 17-18 
proposed, 17,143 

Study completion date, proposed 
definitions, 143 

Study coordinator, responsibilities, 100 
Study director 

definitions, proposed, 143 
proposed GLP regulation, 22 
responsibilities, 100 
146 

responsibilities associated with 
SOP, 51 

Study initiation date, definition, 
proposed, 143 

T 

Test chemical 
records maintenance, 102 
sample coordinator, 102 

Test facility 
definition, 16,18 

Test substance 
characterization, 151-152 
proposed definitions, 143 
handling, 152 

Test system 
definitions, 18,143 

Test-specific regulations, 14-15 
Testing facility 
definition, proposed, 143 
inspection, 143 
management, 145-146 

Toxic Substances Control Act (TSCA), 4,1 

Toxicology studies, GLP, 42 
Tracking a test chemical, 136 
Training, 70 

compliance with GLP, 40 
SOP, 48 

Training function of QAU, 114 

U 
U.S. Environmental Protection Agency 

(U.S. EPA) 
proposed definition, 142 
noncompliance audits, 11-12 

U.S. Food and Drug Administration (U.S. 
FDA), definition, proposed, 142 

University laboratories 
GLP standards, 126-130 

QAU,
SOP, 128-129 

University participation in regulatory 
programs, 117-125 

University regulatory programs, GLP 
implementation, problems, 122-124 

User, responsibilities associated with 
SOP, 51 

V 

Validatable system 
definition, 67,68 

Validation—See Computer systems 
validation 

Validation testing 
definition, 71 
See also Computer systems validation 

testing 
Validity, determination, 9 
Vehicle, proposed definition, 143 

W 

Water 
distilled, 138 
potable, 138 

Water analysis 
chemistry support, 137 
flow-through system, 136-137 
precipitates, 136 
renewal study, 136-137 
surface scums, 136 

•,75 Water quality, good, definition, 135 
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