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FOREWORD

Protection of the environment requires effective regulatory
actions which are based on sound technical and scientific
information. This information must include the quantitative
description and linking of pollutant sources, transport mechanisms,
interactions, and resulting effects on man and his environment.
Because of the complexities involved, assessment of specific
pollutants in the environment requires a total systems approach
which transcends the media of air, water, and land. The Environ-
mental Monitoring and Support Laboratory-Las Vegas, contributes to
the formation and enhancement of a sound integrated monitoring data
base through multidisciplinary, multimedia programs designed to:

®* develop and optimize systems and strategies for
monitoring pollutants and their impact on the
environment

* demonstrate new monitoring systems and technologies
by applying them to fulfill special monitoring needs
of the Agency's operating programs

In preparing these quality assurance guidelines a definite
effort was made to incorporate into this one document the various
aspects of quality assurance necessary to produce biological
data of known quality. This required, in addition to the usual
quality assurance considerations, appropriate consideration of the
many peculiarities existing among those more commonly used test
organisms. Considering the broad scope of this endeavor and the
varied backgrounds of the expected readers, it was difficult to
avoid some repetition among sections, and to determine the details
necessary to meet the needs of the less experienced scientists
without offending the more experienced. We believe we have mini-
mized the repetition to the point necessary to permit each section
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to stand alone, and the details given are those we feel are
necessary to clearly address the subject. The comprehensive
references at the end of each section will permit a more in-
depth coverage of any of the material presented.

,/"<£i’29“17/{§1;agai;az““’
George B. Morgan
Director
Environmental Monitoring and Support Laboratory

Las Vegas
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PREFACE

Quality assurance is widely practiced in Biological Research and in
Environmental Monitoring as in other areas of scientific and technical en-
deavor. However, the activity of controlling the quality of results in the
subject areas is accepted as an indispensable part of laboratory management
and is not usually described explicitly as a sub-discipline. In some related
areas such as analytical chemistry and clinical chemistry, good quality con-
trol-manuals are available. These Guidelines are intended to contribute to
filling the need for a compendium of quality control practices for use in
biological research.

These Guidelines draw from the good practices published by analytical
and clinical laboratories and incorporate observations made in a number of
EPA laboratories, contractor laboratories, and biological research laborato-
ries in general. It was realized early and confirmed by discussions with
experts in various biological fields that the quality assurance aspects of
biological testing depend on the particular test systems being used.
Accordingly, the Guidelines cover the general aspects of quality assurance
(Sections 2 and 3.1), and then devote whole, separate sub-sections to Field
Research (3.2), Aquatic Bioassay (3.3), Microbiologic Assay (3.4), and
Mammalian Bioassay (3.5).

This format has led to repetition of some concepts many times. However,
the user with a particular interest in one field of bioassay needs to refer
only to the general sections and to that part of the rest of the Guidelines
appropriate to his field.

Recognition is given to the assistance given by many laboratories of
the Office of Research and Development and by some of their contractors.
This is a first endeavor at bringing together in one place the good practices
observed in many laboratories, confirmed by experience, and gleaned from the
literature. With time and wuse, the Guidelines should help in maintaining
the validity and integrity of data derived from biological testing.
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SECTION 1

INTRODUCTION

1.1 PURPOSE OF THE QUALITY ASSURANCE GUIDELINES

The purpose of the Quality Assurance Guidelines is to provide concepts
and methodologies which can be used to maintain and improve the quality of
data in laboratory and field investigations. It is intended to provide in-
formation needed for the development of quality control plans adapted to the
data needs of a wide variety of programs in biological research.

The essential characteristics of data of quality are walidity and
integrity.

1.1.1 Valid Data

By valid data we mean data supported by objective truth. That means
data from a well-planned experiment, obtained using standard methods of test
and employing instruments or observational techniques which have acceptable
performance. Acceptable performance implies measurement systems (method plus
instrument) which have specificity, have sufficient sensitivity, precision,
and accuracy for their intended use, and are practical.

Specificity requires that the test actually measure the property of
interest. It also means that the test data reflect as little as possible the
effects of interferences. Thus it applies to qualitative properties of the
substance being measured. Specificity is an inherent property of the method,
and it should be investigated before the method is adopted for regular use.
We mention it here because of its implications for quality data but will not
discuss it further because methods development is outside of the scope of
these Guidelines.

Sensitivity refers to the ability to detect differences in the quantity
of a substance in a specimen or to make a yes or no judgment regarding the
occurrence of an effect. The smaller the amount to be detected, the more
sensitive the test must be. However, it is not prudent to have a system more
sensitive than required. Sensitivity is a judgmental requirement that must be
assessed, usually at the time the method is being developed or the instrument
is being acquired, so it will not be discussed further in these Guidelines.

Precision is the degree of agreement among repeated measurements made
using a constant measurement system. The term may also be used to mean the
degree of agreement among repetitions of an experiment. Precision is usually



expressed in terms of a multiple (usually 2, corresponding to 95% probability)
of the standard deviation of the measurements - the smaller the standard devi-
ation, the better the precision. It is stated, in the units of measurement,
as a plus and minus spread around the reported value. The reported value may
be an individual measurement or an average. See Figure 1.1 (a).

(a) PRECISION (b) ACCURACY
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Figure 1.1 Precision and Accuracy{

Accuracy is a measure of the difference between the average of a set of
measurements and a standard or known value. It is expressed in the units of
measurement, as a distance between the average and the known value. Thus,
loosely defined, it is synonymous with the often used terms constant error,
or blas, and applies to the average, not to individual values. This concept
of accuracy, though sometimes used, is not completely satisfactory from the
statistical viewpoint because there is always some uncertainty in the deter-
mination of the average. It is preferable to add to the bias the precision
of the average, as illustrated in Figure 1.1 (b).

By practicality of the measurement system we mean that the data have
been generated with appropriate speed, at reasonable cost, by methods requir-
ing achievable technical skills and that are dependable and safe.

1.1.2 Integrity

By Integrity of the data is meant that it is complete and undivided, that
the information originally sought has in fact been gathered, and that measure-
ments have not been altered or lost either by conscious action or by careless-
ness. The maintenance of integrity depends on control over the performance
of the experiment, adherence to the detail of the measurement process, and
careful handling of the data. Errors can arise during handling of the data
due to transcription, clerical, or typing mistakes as a result of the use of
different statistical methods at different times, computer mistakes or
omissions, inclusion of the wrong data, omission of parts of the original
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data, differences in observational results (as between two pathologists) and
changes in interpretation of the data.

These desirable characteristics of data are central to the purpose of
the Quality Assurance Guidelines. It is for the purpose of achieving quality
data that we shall cover standardization of methods, calibration of instru-
ments, statistical quality control, sampling, design of experiments, data
handling, training, supervision and all the other elements of a quality assur-
ance program.

Underlying the requirement for Quality Assurance is the necessity that
data be scientifically verifiable and that they stand up in court if the re-
sults of research are questiomned.



1.2 DEFINITIONS

1.2.1 Quality Assurance

Quality assurance is defined as all those activities which contribute
to producing correct and reliable data. Personnel assignment, facilities
design, methods development and equipment selection are all important. How-
ever, in these Guidelines, emphasis will be on methodology in standardizationm,
control, and audit of performance of work. This is consistent with the
basic concept that quality control means making the best use of resources
available. Efforts are measured and if results are not within acceptable
limits personnel must be retrained, facilities and equipment must be
upgraded, or methods improved.

The quality assurance program is developed to minimize the variations
that are inherent in all research and testing. Standard operating procedures
and statistical techniques are used to identify and control assignable
causes of variation. Random errors are measured and used to express the
degree of confidence to be placed in results. The total quality assurance
program is rounded out by regular assessment by program managers of the
degree of success in standardization and control.

Standardization may appear to be too harsh a concept to be applied to
regsearch. However, it is needed to assure that the work will meet the first
requirement of good science, namely that it can be repeated and the results
verified by other scientists.

1.2.2 Biological Research

Biological research is defined as all types of experimentation in which
the test subject i8 a form of 1life. 1In general, however, biological research
concerned with the environment is performed in non-clinical laboratories.
Clinical laboratories are understood to be medical laboratories engaged in
the direct examination of the condition of human patients. Non-clinical
laboratories are confined almost entirely to the use of non-human subjects.
There are exceptions, such as experimentation with human cell cultures,
certain host-mediated assays, and in the health effects area. There has been
a great deal of progress in quality control in clinical chemistry, and what
is applicable to biological research, as we define it, has been adapted.

Biological research is supported by analytical chemistry. Analytical
chemistry is another area in which there has been much progress in quality
control. The Quality Assurance Elements in the following Section 2 are
based very largely on experience gained in the analytical quality control
field. We begin to build on the analytical base, and in later sections of
the Guidelines, devoted to particular areas of biological research, we
attempt to bring the user of the Guidelines up with the state of the art in
quality assurance of biological research.



1.2.2.1 Laboratory Research--

It is convenient, because of the different degree of attention
required to sampling, testing, and control of the experiment between work
done in the laboratory and in the field, to make a distinction between
laboratory and field research.

Laboratory research is that research done in a fixed laboratory
location equipped with all supporting services and usually environmentally

controlled.

1.2.2.2 Field Research--~

Field research is research done under field conditions, usually with test
subjects in a feral state. Testing equipment may be deployed in the field
or may be located in mobile laboratories more or less equipped and
environmentally controlled.

Controlled research is defined as a field research, in which constraints
are placed on test subjects, test environment, and/or application of
treatments. Examples are chemical treatment of algae in some areas of a pond,
or treatment of fish in a confined area of a stream with measured doses of a
chemical.

Ef fluent observations are defined as research in which existing
contaminant levels and condition of test subjects are measured as they are
found in the field.




SECTION 2
QUALITY ASSURANCE ELEMENTS
2.1 QUALITY ASSURANCE POLICY AND OBJECTIVES

Every laboratory and field organization should have a clearly enun-
ciated policy regarding quality of data. This should include a statement
by management of its concern for quality. The purpose of a statement of
quality policy by management is to ascertain that quality control is a
pervasive concern; one that merits attention not only at critical points,
but daily in the routine performance of research. The statement by top
management to the laboratory maGst be followed up with continuing visible
evidence of its sincerity to all levels of the organization. Periodic
meetings should be held in .the laboratory to discuss quality objectives
and: progress toward their achievement.

Points for a quality policy and corresponding quality assurance objec-
tives are given in Table 2.1. The objectives are spelled out in more
detail in the following paragraphs. Appropriate methodologies for the
attainment of the objectives are given in the referenced Sections.

2.1.1 Laboratory Evaluation

Laboratory evaluation is widely practiced as a basis for certification
or accreditation of laboratories. For example, in compliance with the Safe
Drinking Water Act, EPA has a State Laboratory Certification Program
(Geldreich, 1975). Evaluation, whether carried out by outsiders or by
the laboratory itself, can be a useful management tool for improvement.
Such an evaluation technique 1is available for environmental monitoring
laboratories (U.S. EPA, 1978). This procedure covers personnel, laboratory
space and facilities, analytical methodology, analytical instruments and
apparatus, and quality control, including interlaboratory testing.

Adaptions of the latter procedure for use in biological research
laboratories would include a number of features unique to that kind of
laboratory. In the facilities area, there are requirements for separation
of clean and dirty corridors and separate rooms for isolation of test
subjects by species and of test materials, at least by class. Acceptable
animal care standards are implied and also appropriate experimental
apparatus and techniques. The design of bioassay experiments would be
covered. Proficiency testing, i1.e., the submission of blind samples to
the laboratory and taking scores on the tests into consideration in the
evaluation, is accepted as an integral part of a sufficient evaluation
procedure. In bilological research such testing is relatively infrequent
and needs further attention. Proficiency testing can be continued between
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TABLE 2.1 QUALITY POLICIES AND OBJECTIVES FOR BIOLOGICAL RESEARCH

periodic evaluations as a means of interlaboratory comparison.

Policy Q.A. Objectives Section
To provide adequate Use laboratory evaluation as a
personnel, facilities management tool 2.1.1
and equipment Organize for quality 2.1.2
Train for quality 2.1.3
To develop and use Use statistical consultation in
rugged methods of design of experiments 2.2
experimentation, Apply formal sampling plans 2.3
sampling and testing Measure and control precision
and accuracy of tests 2.4
To provide adequate Maintain good housekeeping and
support for a Quality laboratory services 2.5
Assurance Program Control test materials, chemicals
and reagents 2.6
Control test subjects 2.7
To demonstrate good Use good supervisory practices
control of research to assure that protocols are
and monitoring followed 2.8

To improve laboratory

Use care in preparation of
materials for measurement

Control measurements and take
action to correct deficiencies

Preserve integrity of data and

provide adequate computer support

Participate in interlaboratory

capabilities continuously testing program

To produce reliable
data and reports

Use statistical expertise in
analysis of results

Establish regular audits of
performance

Adopt a system for review and
publication of reports

2.9

2.10




2.1.2 Organization for Quality

Quality is a concern of the whole laboratory and responsibility for the
control of quality is shared by all levels of organization in accordance
with their capabilities to contribute to it effectively. For example,
management must set the tone by clear enunciation of quality policy and goals
and support of the¢!r attainment by giving adequate attention to facilities,
equipment, personnel competence, standards, operating practices, quality
control programs, and performance reviewa. Study directors must plan,
assemble appropriate equipment, select methods, instruct researchers, monitor
and adjust performance and check results.

Scientists and technicians must follow study protocols, use approved
methods, apply appropriate quality control procedures, maintain chain of
custody of test materials and teat subjects, preserve the integrity of data,
and use good scientific judgment. Supporting staff, such as analytical
laboratories, consulting statisticians, or quality control specialists, must
assist the whole organization to the extent that such expertise is not avail=-
able within the study group itself.

Many of the activities identified as elements of quality control are
widely recognized as good laboratory practices. Some of these practices are
honored by time, and experienced researchers may be expected to follow them
conscient{ously. Some of them, of which statistical design and analysis of
experiments may be an example, have been a part of the academic training of
some scientific disciplines only in recent years.

The direct control which the study director may have over daily routines
may be diluted by the size of the programs or by commendable delegation of
responsibility to junior scientists or technicians. He also depends on
analysts and other experts for support. Quality control procedures are as
much directed toward coordination of a multiplicity of activities as they are
toward providing safeguards against human fallibility.

We look upon quality control as a self-discipline, by the individual
and the groups of individuals who conduct a study or contribute to a labora-
tory program. Quality control emphasizes the validity and integrity of data
not for the purpose of constraining research but to enhance verifiability by
the acientific community and credibility should the data be contested in the
courts. It supplies the whole study or the whole laboratory with a disci-
pline which is complementary to the scientific discipline of a good study
director or researcher.

Responsibility for quality is shared by the entire organization. How-
ever, to make any plan go, it is necessary to have a leader. In large organi-
zations, leadership may be assigned to a Quality Control Department with well-
defined authority. 1In smsller laboratories, quality may be a clearly defined
part of the job of all Section Chiefs, or of a Quality Control Committee.
Better than a committee may be a part-time Quality Control Coordinator who
must have sufficient authority to see to it that the laboratory's quality ob-
jectives are being met.
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2.1.3 Training for Quality

The people who have an impact on quality (bench researchers, super-
visors, etc.) should all be trained in the reasons for the benefits of
standards of quality and the methods by which high quality can be achleved.
This may be on-the-job training for most laboratory personnel but those with
assigned responsibility for leadership in the quality control program should
receive formal training in modern methods of statistical quality control.

Training courses are offered regularly by the Education and Training
Institute of the American Society for Quality Control, 161 W. Wisconsin
Avenue, Milwaukee, Wisconsin 53203, and by local sections of the Socilety.
Also full-term courses are offered by many universities.

2.1.4 Other Objectivies of a Quality Assurance Plan

In blological research, approval of all study protocols prior to their
initiation should be required. The approval procedure mdy consist of a peer
review and a review by the various supervisory levels. It should also re-
quire comment by a statistician on the design of the experiment and statisti-
cal analysis to be used. The statistician must be consulted early in the
planning stages to assure that the design meets requirements of statistical
adequacy and that methods of statistical analysis are specified.

Because of the high level of variability of biological materials,
special attention should be given to sampling. A sampling procedure may have
to be designed, much in the way that an experiment has to be designed.

Formal sampling requires attention of a statistician who can assist in deter-
mination of location and frequency of sampling as well as the size and

number of increments needed in the sample. A chain of custody should be
established to control the flow of samples from field, through the laboratory,
to storage and eventual disposition.

The need for close supervision, particularly of long-term chronic ex-
periments and wide~flung monitoring activities, has recently emerged as an
important problem. The quality assurance plan should be an arm of the super-
visor in accomplishing the aim of producing quality data. Brief, timely
quality reports are one means of keeping the supervisor advised. There should
be a good bookkeeping system particularly for collecting observations made
during the conduct of the experiment. These observations should be made on
a suitable schedule which is frequently oftener than daily. The observations
should be assembled frequently, analyzed (by computer if necessary) and
reported promptly to highlight problem areas. In addition, the supervisor
should be close enough to the operation of the laboratory to be sure that
procedures are being followed as intended and that the observations are being
correctly assembled.

The laboratory should have a written plan including the quality assur-
ance procedures detailed in the remaining parts of Section 2. As part of the
plan, all the documentation should be assembled in a Quality Control Program
Manual. This manual should be available for use in the laboratory and as a

b;lil for evaluation of the laborstory's performance in accordance with the
plan.
9



Section 2 covers the general aspects of quality assurance methodology -
those parts applying to any typ: of biological research. Following Section
2 are specialized Sections which describe methodologies required to meet the
requirements of particular areas of research.
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2.2 DESIGN AND ANALYSIS OF EXPERIMENTS

2.2.1 Description of Design of Experiments

The design of experiments is that part of research planning that has to
do with precise scoping. of the work to be done. This involves the layout
of the number of levels of treatments, number of test subjects per treatment
group, use of controls, replications (repetitions of treatments), duration
of treatment, identification of test materials and test subjects, route of
administration, the response to be measured, and description of special
circumstances surrounding the experiment.

The design work can be done most effectively if experience is available
from earlier experiments and if done with full attention given to the impli-
cations of the design for later statistical analysis. Therefore, the design
of the experiment should involve joint efforts on the part of the experiment-
er and a statistical consultant.

The statistician should be involved, along with the experimenter, in
selection of number and levels of treatment, number of test subjects per
treatment, and the use of controls and replication of treatments. These
activities influence the selection of the proper mathematical model of the
experiment, the measurement of experimental error, and the significance (in
terms of probability) that can be attached to results. The other activities
including duration of treatment, identification of the response to be
measured and the test method to be used, selection of test materials and test
subjects, and route of administration are the prerogative of the experimenter.

The subject of design of experiments owes much to the work of two men,
Ronald A. Fisher and Frank Yates, through work at Rothamsted Experimental
Station since its founding in 1920. Thus, much of the subject has grown
through its use in an experimental science. This happens to have been in
biological science, largely agricultural at first, but rapidly expanded
into genetics and all kinds of bioassay.

Fisher's Design of Experiments (1947) and Yates' Design and Analysis
of Factorial Experiments (1937) are classics in the statistical literature.
They have been followed by Cochran and Cox's Experimental Designs (1950),
Finney's Statistical Method in Bioassay (1964), Kempthorne's Design and
Analysis of Experiments (1952) and others. Most of the complex experimental
designs now available for survey work or in scientific/technical experi-
mentation have grown from the pioneering work done in the biological area.

Great care should be exercised in designing biological experiments
because the wide scope of biological experimentation, the special methods
of test and observation, the responses measured, the variability of test
subjects, the complexity of biological theory, and the difficulty in stan-
dardizing designs all lead to problems that require special attention.

The instances in which the needs of the experimenter are satisfied
entirely by an experimental plan, the analysis of variance (a widely used
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statistical method) and standard errors, are comparatively few. What is
needed is a broad understanding of experiment design and relation of this

subject to the general theory of statistics and to the problem of experi-
mental inference.

The distinguishing feature of science is its method. The central thrust
of scientific method is examination of what is known, and the formulation there-
£rom of hypotheses which can be put to experimental test. The word

experimental" is the most important one, and therefore the design of
experiment appears as the crux of scientific method.

The determination of the relevant aspects of the problem for which a
solution 1is required and the actual formulation of the hypotheses to be
tested require attention of the keenest sort. The experimenter must be
very knowledgeable in his biological field. After formulation of the hypoth-
eses comes consideration of consequences that are verifiable and, finally,
objective verification. Here is where the intuition or genius of the
experimenter can be enhanced by help of the statistician.

Verification of a hypothesis cannot be absolute. It can only be shown
that observations made are compatible with the theory within the limits of
error to which the observations are subjected. In other words, it is pos-
sible only to prove that a hypothesis is false, thus, the use of the null
hypothesis in statistics.

The scientific method is circular, proceeding from observation through
abstracting of essential information as a basis for a logical theory, develop-
ment of the theory, and prediction of new events, back to observation and
through the cycle again. Statistics enter at the taking of observations
and at the comparison of the observations with predictions from theory.

It is essential that the hypotheses and their possible outcomes be
formulated before verification is attempted. Hypotheses formulated from
or modified by the observations are suspect. It is one of the basic notions
of statistics that probability statements cannot be made about statistical
tests suggested by the data to which they are applied. Therefore, selection
of the statistical methods to be applied must be made before the experimental
work is carried out.

The design of an experiment is the pattern of the observations to be
collected. There are two types of experiments: absolute and comparative.
In an absolute experiment, repeated observations, which do not agree exactly
with each other, are made on a test subject to obtain the best estimate of
some property of the subject and a measure of the reliability of the
estimate. A sample survey is an example of an absolute experiment for
determining particular characteristics of a population.

In 2 comparative experiment, the outcomes of two or more treatments are
compared in their effects on characteristics of a population. This requires
taking of controlled observations, where control is effected on all treatments

to the same degree by either fixing all the variables in the experiment or
controlling them statistically by randomization.

12



The economic aspect of experimentation must be emphasized. The experi-
menter is usually in the position of being able to spend only a certain
amount of time, effort and money on his investigations. There are more
efficient and less efficient ways in which he can go about the work, leading
to greater or lesser degrees of certainty in his results. He must consider
the cost of obtaining a given level of certainty, whether it is worth the
cost, and at what stage the cost of increased certainty is too great.

2.2.2 Steps in the Design of Experiments

A statistically designed experiment consists of the following steps
(Kempthorne, 1952):

Statement of the problem

Formulation of hypotheses

Devising of experimental technique and design

Examination of possible outcomes and reference back to the reasons

for the inquiry to be sure the experiment provides the required in-

formation and does so to an adequate extent

e Consideration of the possible results from the point of view of
the statistical procedures which will be applied to them, to
ensure that the conditions necessary for these procedures to be
valid are satisfied

e Performance of experiment

o Application of statistical techniques to the experimental results

* Drawing conclusions with measures of the certainty of estimates of
any quantities that are evaluated, careful consideration being
given to the validity of the conclusion for the population of
subjects to which they are to apply

e Evaluation of the whole investigation, particularly by comparing

it with other investigations of the same or similar problems

A check list of the detailed activities required in carrying out these
steps is given in Appendix A.

2.2.3 Essential Statistical Concepts

It is not intended here, or in Section3.4.7 on Statistical Analysis,
to give a complete description of statistical theory. Some familiarity
with statistics on the part of the experimenter is assumed. The requirements
for statistical theory which go beyond what can be expected of the average
experimenter are the reason for recommending that statistical advice be
sought at the very beginning of planning an experiment.

It is worthwhile to consider, briefly, the elementary statistical con-
cepts that are essential to the design and analysis of experiments.

The first concept is that of a population. A population is an
assemblage of the objects of possible observation or measurement, or some
attribute of those objects. The individual objects in the population may be
arranged according to the size of a measurable characteristic, and the function
giving the relative frequency of the individual measurement is called the
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distribution of the individual objects. From this distribution, we may obtain
the proportion of measurements less than a chosen value, or the proportion
lying in any chosen interval of values. A distribution may be continuous or
discrete: for example, the ppm bioconcentrations of a toxic substance in test
objects under treatment will be continuous or variable measurements, whereas
counts of the number of neoplastic lesions under a treatment will be integers,
with a discrete distribution.

Other kinds of discrete measurements include ranks (observations ordered
according to magnitude), or attributes (yes or no responses to a treatment).

2.2.3.1 Normal Distribution Statistics-—-

Distribution curves should be familiar to users of the Guidelines, for
example, the symmetrical bell shaped curve for the normal distribution
i1llustrated in Figure 2.1.

The most useful measure of central tendency of a distribution is its
average (mean), u. The measure of spread of a distribution most generally
used is the variance,oz, which is the mean square distance of the population
individuals from the average.

The median, M, is a measure of location useful in biological research.
It is the measurement in an ordered array that has an equal number of measure-
ments on either side of it (it divides the distribution in half). The median
would be preferred over the average, for example, 1f an animal behaviorist is
studying the time from the beginning of an experiment until each individual
responds. He can obtain the median time of performance without waiting for
all the animals to respond and then calculating an average. Thus, 1f the
experimenter knows what the total sample size is, he can get an estimate of
the central tendency without waiting for slowest responders. Moreover, some
may never respond, so calculation of a true average may be impossible.

A distribution is characterized by a mathematical form containing quanti-
ties called parameters which, when known, describe the distribution completely.
The estimation of the parameters from sample data is one of the most important
functions of statistical theory.

The most used distribution is the normal distribution which has the
advantage that the average, and standard deviation (square root of the
variance, or root mean square deviation), o, describe it completely. The
quantity that best estimates the average of a population from a random sample
size n, is the average of the sample ¥, and this estimate has a variance
equal to the variance of the individual measurements divided by n=.

The estimate of the variance, 82,1is [1/(n-1)]Z(x-X)2. where n is the sample
size, £ is an individual measurement, and ¥ is the sample average.

A test of significance of a sample average (of its difference from the
population average, or ''true'" value) is based on Student's distribution where:

t = (-1 / (8/n) Eq. 2.2.1
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Figure 2.1 Normal distribution.

The value that ¢t takes for any level of significance and sample size
(actually for n-1, the degree of freedom) may be looked up in a table
(Fisher and Yates, 1949), or in most statistical texts.

The value of ¢t is the number of standard deviations in the difference

being tested, small sample size being taken into account:
As the sample size increases, the distribution

various significance levels.
of t approaches the normal distribution.

t is given for

The relationship between the number

of standard deviations and the significance level (area under the normal

curve) for the normal distribution is shown in Figure 2.1.

Significance

levels are usually expressed for even proportions, such as 95% (1.96, say

2,0 standard deviations)
or practical certainty).

or even standard deviations such as 3.0 (99.73%,

The numerator in the formula for £ may be the deviation of the average

from any expected value,
a spiked sample.

for example, from zero, or from the known value of

To test the significance of the difference between the two averages,

the formula becomes

t = [(E1 - 252) / 8] v’(nlx ny) I (n +n)

Eq. 2.2.2

where the subscripts identify the two sets of numbers and 82 is the pooled
variance of the two sets, which has n, + n, = 2 degrees of freedom.
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Of perhaps even wider application than tests of significance is the
usage of confidence limits. The limits on either side of the sample average
are, from the above formula,

*L = ts/'”; . qu 20203

where the value of ¢ comes from the table depending on the level of signifi-~
cance selected by the experimenter and the degrees of freedom in the sample.

The least significant difference between two averages is given by

LSD = ts /hl +n, / /hlx n Eq. 2.2.4

2

Another arrangement of this formula, when one is concerned with the
size of sample necessary to achieve a desired level of significance in an
average, is to solve for n:

n = (ts/D)° Bq. 2.2.5

where 8 is an estimate of the standard deviation from early data and D is the
allowable difference between the average of the sample and its "true" (popu-
lation) value.

The economic aspect of experimentation has been mentioned earlier. 1In
a statistical sense, the value of a better experiment is determined by the
ability to predict a result of one or several treatments with greater pre-
cision. Another measure is that_of the quantity of information, for which
Fisher (1925) suggesteg nl = n/sz, from which it derives that the information

per observation is 1/8“. The economic experimenter, therefore, increases n
within limits of resources and reduces 8 by use of sound experimental design,

precise instrumentation or careful observation, and meticulous supervision
of the conduct of the work.

2.2.3.2 Statistics of Other Distributions-—-

The test for the significance of differences between two sample
variances or the differences of means of several samples 1s the F test:

Feag /ey Eq. 2.2.6

The degrees of freedom are 7] - 1 and n; - 1. This test is used in the
analysis of variance of designed experiments.

Standard values of F may be looked up in standard statistical tables.
Several variances may be compared by Bartlett's test.

The x2 (Chi-square) test is applied to problems in which we wish to de-
termine whether the frequency with which an event has occurred is significant-
ly different from that which was expected.

Chi-square = £ (0 - E)2 / E Eq. 2.2.7
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where 0 is the observed frequency in a group and E is the expected frequency.
The degrees of freedom are the number of groups minus 1. The standard values
of Chi-square are found in the standard statistical tables.

Discrete experimental data frequently conform to the binomial, Poisson,
or negative binomial distribution. The binomial is the distribution of the
number of observations of either a yes or no character (say morbid or healthy
animals following a treatment) in n trials. The chance of a favorable obser-
vation (success) is p. Then the estimate of the average of the distribution
is p and the variance is pq (where q is equal to 1 - p). When n 1is very
large the binomial approaches the normal distribution. The ¢ test for signi-
ficance of an average portion is:

t = -k, Wﬁ Eq. 2.2.8
where k is some desired proportion. The formula for sample size 1is:
n = t2pq / D? Eq. 2.2.9

The Poisson distribution provides probabilities of the number of
observations per unit of time, area, volume, etc., for example, the number
of “bacterial colonies per unit area or volume of a culture. The average
count and the variance are the same, c.

The ¢ test for significance of a count per unit is:
t = (e-m / Ve/n Eq. 2.2.10

where m is some desired count. The formula for sample size is:
n = t2¢/p? Eq. 2.2.11

The negative binomial distribution is applicable because of clustering
(or contagion) of '"successes' of an otherwise binomial distribution, for
example, deaths of insects. An example of its application to biological
research is given in Bliss and Fisher (1953).

It is not correct to treat data from these discrete distributions as
though they were normal. Many of the commonly used analytical methods such
as the analysis of variance, are based on a number of assumptions.

Among the assumptions underlying the use of the analysis of variance
are:

* The sampling of individual items must be at random

* The experimental error must be a normal random variable
(the individual measurements must be independent)

* The variances in groups of samples must be equal

* Effects of treatments must be additive (if interactions
are present they must be taken into account).
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If these assumptions cannot be maintained, it may be possible to use a
distribution-free test. Tests based on ranking of the measurements include
the Kruskal - Wallis test, the Mann - Whitney U-test, and the Wilcoxon two-
sample test. See Sokal and Rohlf (1969). Other tests include nonparametric
multiple comparisons by STP, Friedman's method for randomized blocks, and
Wilcoxon's signed-rank test for two groups (Ibid.).

2.2.3.3 Data Transformatiom-

The measurements to be analyzed may frequently be transformed to meet
the assumption of the analysis. The entire analysis can then be carried out
on the transformed measurements. A fortunate fact about transformation is
that very often several departures from basic assumptions are cured
simultaneously by the same transformation to a new scale. When a transforma-
tion is applied, tests of significance are performed on the transformed data
but estimates of the averages are usually reported in the original scale.

The most common transformation is conversion of the measurements into
common logarithms. This transformation is useful in studying the growth
of organisms.

When the data are counts, such as of blood cells in a hemocytometer,
the square root transformation is frequently useful. Such data follow the
Poisson distribution where the variance equals the mean. Transformation
makes the variances independent of the means.

The arcsine transformation is especlally appropriate to percentages
and proportions where, for example, the measurement may be the percent
fertile in a vial of eggs of Drosophila.

2.2.4 Experimental Models—-

The simplest possible experiment is application of a single treatment
to a group of two or more objects, for which the framework is

Treatment with a Toxic Material

Animal 1
Animal 2

Animal n

A simple linear expression provides an analytical model for this
experiment: y =y + T + e.

The meaning of this model is that a single measurement, y, can be
decomposed into the average, a fixed deviation of the measurement from the
average (T) and a random deviation of the measurement from its expectation
(e) which is v + T.
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Analyses possible with this model include:

Before the experiment

s Calculation of the number of animals required to estimate the
average within desired 1limits (only if a prior estimate of the
variance is available). See Section 2.3, Equations 2.3.1 and 2.3.5.

After the experiment

e Significance of the average. Eq. 2.2.1

e Confidence limits for the average. Eq. 2.2.3

e Sample size for further experimentation. Eq. 2.2.5; 2.2.9; 2.2.11

There are two models of the analysis of variance, as first defined by
Eisenhart (1947). In Model I, it is assumed that the differences among
group averages are due to fixed treatment levels. The purpose of the
experiment is to estimate the true differences among the group averages.

The basic form of Model I 1is given by: Yij = u+ Ty + ey J(i)
where Z takes values from 1 to m, the number of treatments, and J takes
values from 1 to n, the number of individual objects per treatment group.
The parentheses about 7 read "j's random within the Z's."

Examples of Model I in biological research include treatment of groups
of animals with different concentrations of a toxic substance. The model
also fits exposure of plants to different levels of stimulant or culture
of bottles of insects at different temperatures. Another example is
comparison of the body weights of several age groups of animals.

The design framework is:

Treatment
Level 1 Level 2 ......... Level m
Animal 1.1 Animal 2.1 Animal m.1
Animal 1.2 Animal 2.2 Animal m.2
Animal 1.n Animal 2.7 Animal m.n

Model II assumes that in place of fixed treatments there are randomly
selected treatments different for each group. The basic form for Model II is:
¥yig = uw+7Tg é + e({j), where, again, the parentheses indicate randommess.
An example is the determination of DNA content of rat liver cells from three
preparations from the liver of each of five rats: = 5 and n = 3. The rats

were selected at random and the preparations were made from aliquot portions
of the livers.

Design Framework

Rat Liver ] 2 3 4 5

Prepara- 1.1 2.1 3.1 4.1 5.1
tion 1.2 2.2 3.2 4.2 5.2
1.3 2.3 3.3 4.3 5.3
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Both of the models presented above are single factors with replication.
In experiments involving two or more factors, the models may be mixed, having
both fixed and random factors. Obviously, no measure of experimental error is
provided without replication. In two-factor or larger experiments, it is
possible to use higher order interactions in place of error to test the sig-
nificance. Also, in mixed models, the replication error may not be the pro-
per denominator in the F-test. However, it is recommended that plans for
replication be included in all biological experiment designs.

The variance tables for the two single-factor models look the same al-
though there is a formal difference in the estimation of expected mean squares
for treatments and the hypotheses tested are stated differently. The variance
table for a single factor with replication is:

- Variance Table

Sum of Degrees of
Source Squares Freedom Mean Squares Expgcted MS F Test
T $S) m- 1 $S1/(m - 1) 062, + no2y  MSy / MS,
e SS2 m(n - 1) SSy/m(n - 1) o2,
Totals SSq m - 1

i

$S, M (" x)2 /n~ (T""x)2 / m

889 = 8§83 - S§,
SSp = IMIMx? - (Z"5"%)2 / mm

The computational methods required may be found in almost any statistical
textbook or a computer program may be used.

In Model I the hypothesis tested 1s: Hp : T; = 0
In Model II: Hp : 02p = O

One-factor models with replication are sometimes described as between-and
within~group models, and the mean squares are designated as between and within
variances, 8b2 and 8w2, respectively.

Experiments may involve two or more factors and may involve mixed, fixed,
or random factors. Also these factorial designs may be supplemented by many
available random blocks, splitplots, square designs, nested designs, response
surface designs, and others. These experiments are adaptable to both qualita-
tive and quantitative factors and the analytical methods used when the experi-
mental results are in must depend on this and on the nature of the responses
measured or observed. Here again, the need for a good statistician to assist
with the data analysis is obvious.
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Most biological research may involve single-factor experiments where
all factors but the treatments of interest are controlled by balancing or
randomization. However, in the interest of obtaining most information from
experiments, it may be possible in many experiments, with slight additional
attention to the structure of the experiments, to use more complex models
effectively.

The general models for two factors are:

Fixed Factor: y..k = pu + A. . .. ..
xed Factor: y.. U Ai + BJ + AB7"7 + ekta’ where AB 1s the
interaction of the two factors.

Random Factor: yijk = u+ Ai + Bij + eijk

2 Factors, Fixed, with Replication

Factor A

Level 1 Level 2 e . . Levelm
Level 1 Animal 1.1.1 Animal 2.1.1 Animal m.1l.1
Animal 1.1.7 Animal 2.2.n Animal m.1l.n
Factor B Level 2 Animal 1.2.1 Animal 2.2.1 Animal m.2.1
Animal 1.2.7n Animal 2.2.n Animal m.2.n
Level r Animal 1l.r.1 Animal 2.r.1 Animal m.r.1
Animal l.r.7 Animal 2.r.n Animal m.r.n
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Variance Table

Source S.S.*% D.F, M.S. E.M.S. F
A SS m- 1 2 2 2
1 SS/DF 0%, + N0t 4 nroc, MSA/MSAB
B SS -1 2 2 2 ,
2 r SS/DF o, + no AB + nmo B MSB/MSAB
AB S8, (m=-1)(r-1) SS/DF oZe + no? AB MSAB /MSE
e SS4 mr (n-1) SS/DF °2e
Totals SST mm -1

2 Factors, Random

Factor A
Level 1 . . . . & & v ¢ v ¢ o v o« s Level M v v v v v ¢ o o o o«
Factor B Level 1 Level 2 ... Level » Level 1 Level 2 ... Lever r
Animal 1.1.1 1.2.1 l.r.1 m.1l.1 m.2.1 m.r.1l
Animal 1.1.n 1.2.m l.r.n m.l.n m.2.n moy.n

Variance Table

Source S.S. D.F. M.S. E.M.S. F
- 2 2 2
A ssl m-1 SS/DF o, + no B + nro A MSA/MSB
B ss, m(r - 1) SS/DF oZe + noZB MSB/MSE
e 5S4 mr(n - 1) SS/DF °2e
Totals SST mn - 1

Bennett and Franklin (1954) give the following steps for arriving at
the EMS, leading to the proper test of significance, for experiments of any
complexity:

* Refer to computational framework in any standard statistical text for

value SS1 through SST'
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Factors are designated by capital letters (A, B, etc.). Levels are
designated by small letters (m,r,n, etc.). Effects are designated by lower
case letters relating to the respective Factors (a, b, etc.). A replication
is indicated by parentheses, interactions as products (ab, etc.).

A table 1is prepared with Factors as column headings and Effects as row
designations. Under each column heading is space for indicating the number
of levels and the model, fixed or random.

The following rules are followed in filling out the table.

e In each column write opposite any row not containing the same
letter as the heading, the number of levels.

e In each row containing an effect in parentheses, write 1 where
letters are common to row and column.

¢ In remaining spaces, write 1, if the type is random; write O, 1if
the type 1s fixed.

e The EMS is obtained by multiplying in rows, all figures except
those in columns having letters in common with the row, as
illustrated.

Two~Factor Mixed Model, with Replication

Factor A B E
Level m r n
Type R F R EMS
2 2
1 aze +'rn Z A »
+5
m 0 n g e no AB + mng B
2 2
ab 1 0 n qg e +no AB
e(ab) 1 1 1 o2

e

Effects a and ab are tested by the error term. Effect b is tested by
the interaction term. The analysis of data from biological experiments is
often complex because of non-linear variables, non-linear responses, high
levels of variability, small sample sizes and other things that make care-
ful application of statistics a necessity. The tests mentioned in this
section are among the basic, most widely used ones. Each biological testing
program has special requirements. For example, in biocassay of rats and mice
for carcinogenicity of chemical substances, the following statistical methods
are applied.

Survival probabilities are estimated by the product limit procedure of

Kaplan and Meier (1958) and presented in the report in the form of graphs.
Deaths due to accident or scheduled sacrifice are treated as censored
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observations and all other deaths are uncensored. Statistical tests of
differences in survival between groups are made using the method of Cox

(1972) for 2 groups and an extension of this method by Tarone (1975) for
more than 2 groups.

The number of animals with tumors 18 analyzed as percentage of the
number of animals pathologically examined. For some sites, such as liver
or lung, the animal 1s entered in the denominator of the proportion of
tumors at the site only 1f that site had a histologic examination. For
tumors that may appear at several sites, any animal that had at least one
such site histologically examined 1s entered in the denominator of the
proportions given for that tumor.

Statistical analysis of tumor incidence 18 made using the Fisher exact
test (Cox, 1970) to compare the controls to each dose level 1In additionm,
the Armitage and Cochran test for linear trend in proportions with continuity
correction (Armitage, 1971) 1is used. This test, assuming a linear trend,
determines 1f the slope of the dose-response curve 18 different from zero
(P < 0.05). The method also calculates the probability level of a departure
from linear trend.

A conservative adjustment for simultaneous comparisons of several
treatments with a control is the Bonferroni inequality (Miller, 1966). For
the comparison of k doses with a control, this correction requires a
significance level less than or equal to 0.05/k for the overall comparison
to be significant at the 0.05 level. This adjustment is not made in the
tables where the ¥Fisher exact test results are shown but is discussed in the
analysis when appropriate.

Other statistical methods are discussed in connection with specific
biological experiments in later Sections.
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2.3 SAMPLING

2.3.1 Background of Sampling

In U.S. EPA (1973a), Weber presents the concepts of sampling in bio-
logical research very concigely:

An experimental unit 18 an object on which a measurement or
observation may be made

The set of all experimental unitg of interest in a gtudy 1is the
universe, or population

A sample 18 a sub-set of experimental units, or of the measurements
made on those units, usually only a small fraction of the population
The sample mugt congist of a sufficient number of units (sample size)
to represent the population, with the required precision and accuracy
Sampling units or sampling points must be selected with known
probability

Random selection 18 necessary to satisfy the requirement for known
probability

A random gample, selected using a device such as a table of random
numbers consciously has no bias

Experimental units may be discrete objects, such as test animals or, if
interest is in spatial distripution or density of a population, or rate of
change, may be units of space (volume, area, etc.). If the population 1s a
bulk material, such as water, air, or feed, the sampling unit cannot be known
until a sampling device 1s applied. Furthermore, it 18 necessary to take
into account the dynamic nature of living populations. There are evident
benefits to be gained from taking sampling considerations into account early
in the planning stages of a study. The experimenter may often benefit from
the advice of a statistician at this point.

For random sampling, it 1is necessary that each unit in the population

have an equal probability of being selected. This means that the population
mugt be identifiable.

2.3.2. Randomization Procedure

A simple randomization procedure 1s as follows (alternatively, random
numbers might be generated by a computer program):

Identify and number all the measurement units in the population.
The total number of such units 1s N

Determine the sample size, n

From a random number table select numbers equal to the number of

measurement units required for the sample. (See any mathematical
or statistical textbook for the table.)

Start at any random point in the table and read numbers
congecutively in any direction

Once a number has been gelected ignore the recurrence in the table
and read on until n numbers have been picked

zg:pigrrespondingly numbered unitg in the population constitute the
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2.3.3 Sampling Models

Two models will probably satisfy most sampling requirements in biological
research: simple (or unrestricted) random sampling (Model I), and stratified
random sampling (Model II) (Bicking, 1976). Simple random sampling is used
when the population is not subdivided. Stratified random sampling is used
when the population is divided into strata or when a material is in divided
or packaged form. Knowledge of the nature, content, and variability within
strata is necessary in selecting the sampling scheme to be used. A pilot
study may have to be made to obtain information about stratification. As a
general rule, strata should be bounded in such a way that measurements are
most alike within strata and most different between strata. In aquatic
field situations, for example, stratification may be based on depth, bottom
type, isotherms, or other variables (U.S. EPA, 1973a).

In field studies, a modified form of simple random sampling (systematic
random sampling) may be desirable. A transect is laid out to be assured of
including an adequate cross-section yet retaining ease of sampling. Place-
ment of the transect should be at random. Also, a random starting point
should be selected.

Randomness is used to reduce the possibility that large constant or
systematic errors contribute to inaccuracy of the sample. Since accuracy
also includes a component due to the variability of the measurement units
within the sample, precision is also important.

2.3.4 Selection of Size of Sample

All the information necessary for the selection of a sample with the
desired precision may not be available prior to sampling. As experience is
acquired, even though there may have been very little information at first
on the distribution of the property being measured in the population,
sampling can be adjusted to meet precision requirements more exactly and more
economically as information is uacquired in early stages of the study. A
valid estimate of precision can be made from the sample itself if it has
been drawn according to an appropriate statistical probability model.

2.3.4.1 Sampling from a Normal Distribution Population--

If the population is homogeneous, a single sample unit may represent it
adequately. However, even for water and other simple liquids (single phase
liquids) it is possible that under certain conditions temporary stratification
(caused by poor mixing or temperature gradients) may exist. This is the
reason for arranging to get a composite sample by the act of sampling at
several locations or several levels and compositing the subsamples thus
obtained. This is always a good practice if the purpose is to obtain an
average value for the property of the material.

If the population is not homogeneous, then a number of sample units

should be drawn and analyzed separately, or composited and analyzed. 1If a
prior estimate of the standard deviation is available, the sample size 7
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is calculated (using Model I) by:

n = (ta'/D)? Eq. 2.3.1,
where o' is the prior estimate of the standard deviation of the material,
D is the maximum allowable difference between the estimate to be made from
the sample and the actual value, and ¢ is a probability factor to give a
selected level of confidence that the difference is greater than D. See

Bicking (1968).

Suppose that repeated sampling of a certain population had resulted
in a standard deviation of 0.187 in measurements of the property of interest.
The number of items required to assure with 95% confidence that the average
quality of the population lies within the limits 0.15 of the average of
the determinations is, from Eq. 2.3.1

n= (2 x 0.187/0.15)2 = 6.25 or 7 items.

When sufficient items have been tested to estimate the standard
deviation from the data itself (say 30 as a minimum), sample size may be
recalculated, if desired, using Eq. 2.2.5.

If the population is divided into distinct units or may be so
divided in some suitable way or if it is stratified, and from these primary
units (strata) secondary units (increments) may be taken by sampling, the
most economic increment number and sample size are given by the following
equation (using Model II):

X = o; / °ﬁ /5;-j7—j;; Eq. 2.3.2.
n=Noy? + kop?) / [NK(D/2)2 + o}?] Eq. 2.3.3.

where 0&2 is the variance within secondary units averaged over all primary
units; ogz is the variance between primary units; e,y is the cost of prepar-
ing a primary unit; ¢, is the cost of taking a secondary unit; N 1is the

number of primary units available for sampling; D is the allowable uncertainty
in the sample result;and ¢ is the probability factor. Equation 2.3.2 gives
the number of secondary units per primary unit and Equation 2.3.3 the

humber of primary units in the sample.

The total cost of the sample can be represented by:
e = 7’101 + nkcz qu 203.4.

Accordingly, sample schedules can be set up for any set of conditions for
which variances and cost can be determined, to make possible selection of
samples with predetermined precision at minimum cost.

Consider a stream section having a series of tem pools. It is
desired to determine the wet weight in mg of chironomid (midge) larvae in the
bottom sediment of the stream. An Ekman dredge is to be used. In a
previous experiment three dredge samples from each of four pools provided
estimates of variance within pools equal to 0.84 mg and between pools equal
to 2.35 mg (U.S. Geological Survey, 1973). The question 1s: how many pools
should be sampled and how many dredge hauls be made per pool to determine the
average chironomid weight per dredge haul within 1.0 mg? It was also known
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from previous experiments that the cost of moving the dredge and setting it
up at a different pool costs 10 times as much as to collect a single sample
where the dredge is already sited.

The number of dredge hauls per pool is calculated from Eq. 2.3.2 as:
k = /0.84/2.35 x YI0/T = 1.89, or 2 hauls

The number of pools to be sampled is (Eq. 2.3.3):

S
|

10 (0.84 + 2 x 2.35) / [10 x 2 (1.0/2)2 + 2 x 2.35]
= 5.7, or 6 pools.

Therefore, to minimize cost and the known error of sampling plan, two
dredge -hauls from each of six pools are required. The average weight in mg of

these samples would be reported as the weight of chironomids per substrate
area sampled per dredge haul.

2.3.4.2 Sawpling frow don-norwal Distributions--

For the bionomial distribution (example: proportion of occurrence
in the population of an effect due to a treatment), sample size may be
calculated, based on a prior estimate of presence of the effect, by Model I:

n = t2 PQ/D? Eq. 2.3.5
where P is the estimate of the presence of the effect, Q = (1 - P),and t
and D are as in Eq. 2.3.1.

After the study is in progress, n can be recalculated, using the
data itself, from Eq. 2.2.9.

2.3.5 Management of Sampling

The importance of sampling cannot be overlooked although there may be
reasons why biological researchers have not always recognized probability
based sampling as a necessary part of quality of results. A research lab-
oratory is not like a service laboratory where the samples usually have
been collected by someone from outside the laboratory and may even be
blind samples for which the laboratory's main responsibility is analysis.
Even in such circumstances, however, and much more so in a research labora-
tory, the validity of results is dependent not only on the precision and
accuracy of tests and observations but also on the precision and accuracy of
the sampling. Experimentation with improperly collected samples may well be
wasted.

In the same sense that experiments should be designed, sampling should
be designed. Looked at as a Model II design (i.e., a random factor design),
the dependence of the final data output on the populations involved, the
samples and the tests, is illustrated as follows:
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Generalized Sampling Design

Population 1 T
Sample 1.1 CRC R B RN B S S Y 3 ) lnn mol secesssssese M
Analysis 1.1.1 ... 1l.1l.r 1.n.1 ... l.n.7 ml.l ... ml.r mn.1 ... mn.r

The errors propogate throughout the system. Thus, the variance of the re-
sult is made up of components due to the test method, due to the sampling
procedure and due to the non-homogeneity of the populations. It is the ob-
ject of quality control to minimize these components or, where they cannot
be made smaller, to balance the experiment so that their effects are felt
to the same extent in all parts of the experiment.

In some biological research, samples are collected in the field either
by the researcher or by a part of a team responsible to him. The necessity"
for good sampling practice begins in the field and extends to all aspects of
the selection of test materials and test subjects, and even, in some
instances, to selection of data.

The basic sampling models described in this section will require elabo-
ration, particularly in field sampling. In the parts of the Guidelines deal-
ing with specific areas of research, more details are given. The sampling
sections of the biological testing methods given in Standard Methods (Rand
et al., 1975) are very useful. Also, there are some very good recent EPA
publications which should be referred to for sampling approaches in
practice (U.S. EPA, 1973a, 1973b, 1974b, 1975).

Sampling usually presents a statistical problem, often substantial
enough to require advice of a statistically trained person. The reason for
this can be seen, by reference to the basic formula for calculating sample
size, n = (t8/D)°. TBere must be information on the variance in measurements
on similar samples (8“), there must be a determination by the experimenter of
the difference that is important to him (D), and a selection must be made of
the probability level (determines size of t) at which decisions are to be made.

In some areas of biological research, particularly in new areas, or when
new methods are being tried, very little information may be available on the
variance of results. The experimenter must depend on experience and on theory
to get early estimates of variances. One expedient is to err on the safe side
and use very large sample sizes. This may be feasible in some areas, such
as microbiological research where organisms are found in nature in very
large accumulations or reproduce very rapidly. This way out becomes more
difficult as the test subject becomes larger, or more expensive and the cost
per test unit becomes larger. The point is that there are physical and eco-
nomic limits on what can be done with increasing sample size. Where statisti-
cal theory is applicable, the sampling should be based on probability. Where
background information consists of the scientist's input based on theory and
experience, that should be used. Many sampling procedures designed without
statistical help are very good because the scientist knows what he 1is dealing
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with. However, sampling should never be haphazard because then there is no
control of errors or of costs and sampling may be overdone and wasteful or
underdone and unreliable.

2.3.5.1 Chain of Custody--

One of the principal concerns in management of sampling is maintenance
of systematic control of samples as they proceed from the field, through
the laboratory tests, to disposition or storage. The control system is what
is referred to as the Chain of Custody. Written records of the chain of
custody are very important if results of sampling ever become evidence in
litigation.

The chain of custody is very important in field sampling, when different
organizations may be responsible for the sampling and the subsequent test-
ing. It is also very important when it is necessary to maintain parts of
the original samples as reference samples for future checking or for inde-
pendent investigators. It is equally necessary that good procedures be
used in biological research where samples of various kinds are important.

Test substances.should be carefully controlled because identity,
stability, inventory!control, integrity of the sample and safety are
important.- . - .. .

Test subjects may be obtained from supply laboratories or may be
bred or cultured within the laboratory. Identity of individual subjects,
the record of treatments, observations on individuals and groups, remains
of sacrificed or dead subjects, all need to be controlled by a good system.

Keeping 'in mind that in a biological research laboratory the samples-
may be chemicals, organisms in treatment groups, samples of organisms or
parts thereof and organs, tissues, etc. for clinical tests or histo-
pathology, the problem becomes a general one of responsibility, record
keeping, secure storage, and all other activities necessary to maintain
integrity of results.

Some of the important aspects of a chain of custody system for bio-
logical research are:

* (Clear assigmment of responsibility of keeping track of
samples of all kinds at all program stages

¢ Designation of secure storage space for all research
materials when not in actual course of experimentation

e Handling of samples by a minimum number of persons

¢ When samples are transferred, receipt or dispatch should
be handled by one person who keeps a complete record of
all transactions

e All samples should be appropriately identified and the
identification should be recorded in a permanent log book

e While in the course of experimentation all samples should
be in possession or view of the experimenter or
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appropriately secured

e The record should include accounting for unused portions of
samples and disposition of samples when a program is
completed

e All residual materials and records should be retained until
an agreed-upon retention period expires

The Chain of Custody record is an important part of the complete
record system.

2.3.5.2 Sample Preservation and Handling--

For the water environment, recommendations for preservation and holding
of samples are given in Table 2.2 (EPA, 1974b). The holding time given in the
table is interpreted as the recommended maximum period between sampling and
anaylsis. Preservatives, where specified, are required to ensure stability
for the holding time. If holding times are exceeded, a notation of that
fact should be made on data sheets before they are transmitted.

For some tests, to exceed the maximum holding time would very
seriously compromise the accuracy of the measurement. The parameters to
which this applies include the following:

Biochemical Oxygen Demand
Cyanide, Total

Chlorine, Total Residual
Phenols

Turbidity

Streptococci Bacteria
Coliform Bacteria
Temperature

Microbiological sampling requirements are to be found in Section
405 of "Standard Methods" (Rand et al., 1975) and radiological sampling

requirements in Sections 200 and 300A of the same reference.

For biological organisms, the pertinent information will be found
in Section 3.1.4 and the other sub-sections of Section 3 dealing with
specific biological areas.
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TABLE 2.2 RECOMMENDATIONS FOR SAMPLING AND PRESERVATION OF WATER SAMPLES
ACCORDING TO MEASUREMENT(1) (U.S. EPA, 1974b)

Volume
Required Type of Method of Holding
Measurement (ml) Container Preservation Time (6)
Acidity 100 P, G(z) Cool, 4°C 24 hours
Alkalinity 100 P, G Cool, 4°C 24 hours
Arsenic 100 P, G HNO3 to pH<2 6 months
BOD 1000 P, G Cool, 4°C 6 hours (3
Bromide 100 P, G Cool, 4°C 24 hours
CcoD 50 P, G H2804 to pH<2 7 days
Chloride 50 P, G None required 7 days
Chlorine regq. 50 P, G Det. on site No holding
Color 50 P, G Cool, 4°C 24 hours
Cyanides 500 P, G Cool, 4°C 24 hours
NaOH to pH 12
Dissolved oxygen
Probe 300 G only Det. on site No holding
Winkler 300 G only Fix on site 4 to 8 hours
Flouride 300 P, G Cool, 4°C 7 days
Hardness 100 P, G Cool, 4°C 7 days
HNO3 to pH<2
Iodine 100 P, G Cool, 4°C 24 hours
MBAS 250 P, G Cool, 4°C 24 hours
Metals
Dissolved 200 P, G Filter on site 6 months
HNO3 to pH<2Z
Suspended Filter on site 6 months
Total 100 HNO3 to pH<2 6 months
(continued)
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TABLE 2.2 (Continued)

Volume
Required Type of Method of Holding
Measurement- - (ml) Container Preservation Time (6)
Mercury
Dissolved 100 P, G Filter 38 days
HNO3 to pH<2 (Glass)
13 days
(Hard plas-
tic)
Total 100 P, G HNO3 to pH<2 38 days
(Glass)
13 days
(Hard plas-
tic)
Nitrogen %)
Ammonia 400 P, G Cool, 4°C 24 hours
sto4 to pH<2
Kjeldahl 500 P, G Cool, 4°C 7 days ¥
(total) HZSO4 to pH<2
Nitrate 100 P, G Cool, 4°C 24 hours(a)
H,S0, to pH<2
Nitrate 50 P, G Cool, 4°C 24 hours(4)
NTA 50 P, G Cool, 4°C 24 hours
0il & grease 1000 G only Cool, 4°C 24 hours
stoa to pH<2
Organic carbon 25 P, G Cool, 4°C 24 hours
H2804 to pH<2
pH 25 P, G Cool, 4°C 6 hours(a)
Det. on site
Phenolics 500 G only Cool, 4°C 24 hours
H3PO, to pH<4
1.0 g. CuSOA/I
(continued)
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TABLE 2.2 (Continued)

Volume
Required Type of Method of Holding
Measurement (ml) Container Preservation Time (6)
Phosphorus (4)
Orthophosphate 50 P, G Filter on site 24 hours
Dissolved Cool, 4°C
Hydrolyzable 50 P, G Cool, 4°C 24 hours(a)
H,SO, to pH<2
Total 50 P, G Cool, 4°C 7 days (4)
Total (%)
Dissolved 50 P, G Filter on site 24 hours
Cool, 4°C
Residue
Filterable 100 P, G Cool, 4°C 7 days
Non-filterable 100 P, G Cool, 4°C 7 days
Total 100 P, G Cool, 4°C 7 days
Volatile 100 P, G Cool, 4°C 7 days
Settleable
Matter 1000 P, G None required 24 hours
Selenium 50 P, G HNO3 to pH<2 6 months
Silica 50 P only Cool, 4°C 7 days
Specific (5)
Conductance 100 P, G Cool, 4°C 24 hours
Sulfate 50 P, G Cool, 4°C 7 days
Sulfide 500 P, G 2 ml zinc 24 hours
acetate
Sulfite 50 P, G Det. on site No holding
Temperature 1000 P, G Det. on site No holding
(continued)
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TABLE 2.2 (Continued)

Volume
Required Type of Method of Holding
Measurement (ml) Containter Preservation Time (6)
Threshold odor 200 G only Cool, 4°C 24 hours
Turbidity 100 P, G Cool, 4°C 7 days
(1) More specific instructions for preservation and sampling are found

(2)
(3)

(4)

(5)

(6)

with each procedure as detailed in this manual. A general discus-
sion on sampling water and industrial wastewater may be found in
ASTM, Part 24, p. 72-91 (1973)

Plastic or glass

If samples cannot be returned to the laboratory in less that 6
hours and holding time exceeds this limit, the final reported data
should indicate the actual holding time

Mercuric chloride may be used as an alternate preservative at a
concentration of 40 mg/l, especially if a longer holding time is
required. However, the use of mercuric chloride is discouraged
whenever possible

If the sample is stabilized by cooling, it should be warmed to
25°C for reading, or temperature correction made and results report-
ed at 25°C.

It has been shown that samples properly preserved may be held for
extended periods beyond the recommended holding time
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2.4 PRECISION AND ACCURACY OF TESTS

2.4.1 Measurement of Precision and Accuracy

A laboratory must have a well-organized and clearly defined program to
check the validity of the data it produces. Validity is usually expressed.
in terms of precision and accuracy. Precision is the reproducibility among
replicate observations and accuracy is the difference between observed and
known, or actual, values.

An analyst initially may establish the precision of a particular method

" by a minimum of 5~10, preferably 30, replicate determinations on a single
sample. Generally, it will be necessary to repeat this procedure on each type
of sample that will be analyzed by a given method and preferably on several
samples of each type from each source. Comparison of the precision obtained
with reference standards and that obtained with actual samples will reveal any
interferences from contaminants in the samples.

The standard deviation of the individual measurements is the basic num-
ber for expressing precision. The smaller the standard deviation, the better
the precision. There are various ways in which the standard deviation may be
used in presenting precision. One of the most widely accepted ways is to use
precision limits:

P = *tg

where ¢t is a probability factor (approximately equal to 2.0 for 95 percent

limits of precision) and 8 is the calculated standard deviation. The ASTM

Standard for expressing precision (ASTM, 1977) gives other ways of present-
ing precision.

It may be desired to determine the precision of an average. Then, pre-
cision of the average is :

P5=it8//;l-
where #n is the number of measurements in the average.

The accuracy of a method . may be determined initially by a minimum of
5-10, preferably 30, replicate analyses of samples to which known amounts of
reference standards have been added (spiked samples). The results should be
reported as percent recovery at the final concentration of the spiked sample.
The spiking of actual samples for these determinations allows for a more
realistic measurement of accuracy than the exclusive use of pure reference
standards, although again comparison of the accuracy obtained with spiked
samples and that obtained with reference standards may be of interest in
identifying sources of error. Analysis of btlanks also will be important for
many paramenters where background level may be non-zero and where a blank
correction may be necessary. .

It should be noted that there is some uncertainty (imprecision) in the
calculation of percent recovery. The precision of the average percent re-
covery may be calculated as above. Strictly speaking, the percent recovery
measures the bias in the method, and accuracy should be expressed as the bias
Plus or minus the precision of the average percent recovery.
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2.4.2 Control of Precision and Accuracy
2.4.2,1 Use of Standard Methods--

The availability of standard test methods is one of the indicators of
maturity of a scientific discipline. In industry and in regulatory activi-
ties the need for standard methods is obvious to assure comparability of
results and as a basis for adjudication. In scientific research, the re-
quirement of flexibility has been used as a justification for caution in the
development of rigid standards. In new disciplines, the development of the

~ test methods is a part of the research problem. However, the extent to
which attention is given to standards development is a measure of the trust-
worthiness of the major scientific results.

In biological research, the experimental protocol may itself be the
test, with the animal subject serving as the instrument. If this view is
accepted, there can be no excuse for delay in moving toward standard proto-
cols. The requirement of good science, that results can be verified by
other investigators and at other times and places, is a sufficient impera-
tive.

It is sometimes suggested that standardization and other quality con-
trol activities are appropriate only where routine, meaning repetitive,
measurements are made. Such an argument can be made logically only when
the research is truly basic. A novel method of test may be the key to
successful research. Even the keenest researcher may not be able to write
the rules in advance. But biological research to which society has committ-
ed itself has moved the experimenter out of the ivory tower and there can
be no valid pretense that the science is not applied science. The increased
- availability of standard methods of test is a requirement for progress.

In Section 2.6 there is given a Guide to the Preparation of Specifica-
tions and Standards, which suggests, among other things, a format for stand-
ard methods of test. An example is given of a standard method of test for
purity of chemicals for use in a bioassay program. In the various parts of
Section 3, covering different kinds of bioassay, sample bioassay protocols
are given.

Copies of all methods in use should be collected, preferably in a
loose-leaf binder, and kept in a place readily accessible to the researcher.
Performance should be closely supervised to assure that all testing is by
approved, standard methods.

2.4.2.2 Mainténance and Calibration of Instruments--

Maintenance and calibratiog;of instruments are critical to the genera-
tion of good data. Instruments and apparatus must be maintained in good
working order, calibrations must be performed in an appropriate manner and
with sufficient frequency, and records and documentation of maintenance
and calibration must be adequate.
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Someone in the laboratory should have the responsibility to see that
each of the instruments is properly maintained and calibrated on schedule.
This may or may not be the same person who actually does the maintenance

and calibration. The important thing is that the responsibility be clearly
assigned.

For legal and scientific reasons, it is important to keep careful
records of maintenance and calibration of instruments and apparatus. Gener-
ally, these records should be kept in permanent (bound) notebooks in ink with
each entry signed and dated. A separate log (or a separate section of a log)
should be assigned to each instrument or piece of apparatus that requires
any sort of periodic calibration or maintenance, whether that activity is
performed by laboratory personnel or by an outside agency under contract.

It is convenient to include all calibration, maintenance, and repair actions
on an instrument in the log, as a complete and accessible record of the con-
dition of that instrument. This includes traceability of standards to the
National Bureau of Standards or other recognized source.

Each entry must specify clearly what action was taken when and by whom.
For example, if a new calibration curve was established which will be the
basis for future analyses, either the curve or a reference to a notebook
containing the curve should be included, along with an explanation of how
the curve was established (identification of reference standards, methodol-
ogy) and when the analyst began using the curve.

The critical factors are the calibration and maintenance procedures and
the frequency and regularity with which they are carried out. This informa-
tion should appear in the instrument calibration and maintenance logs and
the laboratory quality control manual.

Calibration recommendations for some of the major instruments are in-
cluded in Table 2.3. These recommeridations are not to be considered as
rigid rules but rather as guidelines in controlling laboratory performance.
It is recognized that optimum procedures may vary somewhat as a function of
instrument manufacturer and model. Additional materials that could be use-
ful to the scientist are operation and maintenance manuals for the various
instruments.

2.4.2.3 Routine Control of Test Performance--

After the precision and accuracy of the method are established, the
analyst will need to incorporate replicates, spikes, standards, and blanks,
as appropriate, into the sequence of routine analyses to insure that valid
dataare being generated. The frequency and procedures required for adequate
monitoring of the quality of the data will depend on the method itself. The
experience of conscientious analysts and statisticians in the field is an
invaluable source in this matter. For example, one group of chemists
experienced on the Technicon Auto Analyzer usually runs a duplicate, a
spiked sample, and a reference standard every 8 samples in a large series
of similar samples, or one 1in each set of samples, whichever is more
frequent. A chemist experienced in the analysis of phenols and cyanide
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suggests verifying the standard curves each day, that these parameters are
analyzed with a low and a high reference standard and a blank, and running
a duplicate and a spike with each small set of samples. Gas chromatography,
often requires multiple injections of the sample with and without an intern-
al standard, in addition to spiked samples and a blank, for each sample
analyzed. These examples are given only to demonstrate how quality control
protocols will vary considerably with the method and the experience of the
analyst. The nature of the samples (simple or complex mixtures), the con-
dition of the instrument, the importance of the sample, the breadth of the
precision and accuracy control limits, and many other factors may also af-:
fect the quality control requirements.

Because there are no universal guidelines for the frequency and pro-
cedures required in the use of quality control samples, it is very important
that each laboratory develop its own internal guidelines based on sound
statistical methods and experience. These should be in the form of written,
explicit protocols for each parameter or group of parameters. Some tech-
niques for quality control of instruments are outlined in Table 2.4.

It is of primary importance that the analyst and the laboratory have
a proper appreciation of the importance of replicates, spikes, standards,
and blanks in assuring the validity of their analytical data.

It should be noted that a popular method of monitoring daily perform-
ance has been the use of Quality Control Charts. Basically, these charts,
constructed separately for each method or parameter, display the control
limits for precision and accuracy, and the actual precision and accuracy
measured from day to day, and provide a continuous visual picture of the
control of data quality for that method or parameter. Details of control
chart construction will be found in Section 2.10.

TABLE 2.3 INSTRUMENT CALIBRATION (U.S. EPA, 1978)

Instrument Procedure Frequency
1) Analytical balances (a) Zero (a) Before each weighing
(b) Standard weights (b) Monthly
(c) Full calibration (c) Annually
and adjustment
2) pH meters At pH 4, 7, and 10 Daily
3) Conductivity meters (a) Obtain cell constant Daily

with potassium chloride
reference solutions
(b) Construct temperature Monthly
curve if measurements’
are to be made other than
at 25+ 0.5°C

4)Nephelometer/ (a) Check instrument scales Monthly

turbidimeters or develop calibration
curve with formazine stds (<4ONTU)
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TABLE 2.3 (continued)

Instrument

Procedure Frequency

5) Colorimeters/filter
photometers

6) UV/visible

7) Infrared spectro-
photometers

8) Atomic absorption
spectrophotometers

9) Carbon analyzers

(b) If manufacturer's stds. are Annually
not formazine, check against
formazine stds. (<4ONTU)

Curves determined with 5 to 6 Daily
laboratory-prepared std. solu-

tions for each parameter in

conc. range of samples

(a) Wavelength calibration with Quarterly
holmium oxide glass or solu-
tion, low-pressure mercury
arc, benzene vapor (UV), or
hydrogen arc (visible)

(b) Absorbance vs. concentration Daily
curves with 5 to 6 std.
solutions for each parameter
at analytical wavelength in
conc. range of samples

(c) Full servicing and adjust- Annually
ment

(a) Wavelength calibration with Daily
polystyrene or indene

(b) Absorbance vs. concentra- Daily
tion curves with 5 to 6
std. solutions for each
parameter at analytical
wavelength in conc. range
of samples

(c) Full servicing and adjust- Semi-Annually
ment '
(a) Response vs. concentration Daily

curves with 6 to 8 std.
solutions for each metal
(std. mixtures are accept-
able, but with same acid as
sample to be run) in conc.
range of samples

(b) Full servicing and adjust- Annually
ment
Curves determined with 5 to 6 Daily

std. solutions in conc. range
of samples

(continued)
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TABLE 2.3 (continued)

Instrument Procedure Frequency

10) DO meters Calibrated against modified Daily
Winkler method on aerated dis-
tilled or tap water

11) Other selective Curves determined with 5 to 6 Daily
ion electrodes std. solutions in conc. range
and electrometers of samples
12) Thermometers Calibrate in constant tempera- Quarterly

ture baths at two temperatures
against precision thermometers
certified by NBS

13) Technicon auto (a) Curves determined with std. Each set of
analyzers solutions for each parameter samples
(b) Full service and adjustment Annually
(esp. colorimeter)
14) Gas chromatographs (a) Retention times and detector Daily
response checked with std.
solutions
(b) Response curves for each Monthly

parameter determined with
std. solutions

15) Radiological (See Standard Methods, Sect. 300)
equipment
16) Sulfur dioxide in (a) Calibrate flowmeters and hy- Quarterly
air sampler/analy- podermic needles against a
zers (pararosani- wet test meter
line method) (b) Spectrophotometric calibra- Monthly

tion curve with 5 to 6 std.
sulfite-TCM solutions at
controlled temperature (+1°C)
(c) Sampling calibration curve Monthly
with 5 to 6 std. atmospheres
from permeation tubes or
cylinders
(d) Calibrate associated ther- Quarterly
mometers, barometers, and
spectrophotometer (wave-

length)

17) Suspended particu- (a) Calibrate sampler (curve of true Monthly
lates air flow rate vs. rotameter or
(high-volume sampler recorder reading) with orifice
method) calibration unit and differential

manometer at 6 air flow rates

' (continued)
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TABLE 2.3 (continued)

Instrument

Procedure

Frequency

18) Carbon monoxide
(non-dispersive IR)

19) Photochemical
oxidants (ozone)

(b)

(c)

(d)
(e)

(a)

(b)

(c)

(a)

(b)

(c)
(d)

Calibrate orifice cali-
bration unit with posi-

tive displacement primary
standard and differential
manometers

Calibrate relative humidity
indicator in the condition-
ing environment against wet-
bulb/dry-bulb psychrometer
Check elapsed time indicator
Calibrate associated analyt-
ical balances, thermom-
eters, barometers

Determine linearity of
detector response (cali-
bration curve) with cali-
bration gases (0, 10, 20,
40, and 80% of full scale,
certified to +27 and checked
against auditing gases
certified to +1%)

Perform zero and span cali-
brations

Calibrate rotameter and
sample cell pressure gauge

Calibrate standard KI/I
solutions in terms of
calculated 03 equivalents
at 352 nn
Calibrate instrument re-
sponse with 6 to 8 test

atmospheres from ozone gener-

ator, spanning expected
range of sample concen-
trations (usually 0.05-
0.5 ppm 0.)
Calibrate”flowmeters, ba-
rometer, thermometer
Calibrate and service
spectrophotometer
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Annually

Semi-annually

Semi-annually
As needed

Monthly

Before and
after each
sampling
period
Semi-annually

Weekly

Monthly

Semi-annually

As specified

(continued)



TABLE 2.3 (continued)

Instrument

Procedure

Frequency

20) Hydrocarbons
(corrected for
methane)

21) Nitrogen dioxide
(arsenite 24~hr.
sampling method)

22) Nitrogen dioxide
(Griess-Saltzman
colorimetric,
continuous)

23) Nitrogen dioxide
(chemiluminescence,
continuous)

(a)

(b)
(c)

(a)
(b)

(c)

(a)

(b)

(a)

(b)

(e)

(d)

Determine linearity of
detector response with
calibration gases (O,

10, 20, 40, and 80% of
scale, certified to +2%)
Perform zero and span
calibrations

Calibrate flowmeters and
other associated apparatus

Calibrate flowmeter with
wet test meter

Calibrate hypodermic
needle (flow restrictor)
with flowmeter

Obtain colorimetric cali-
bration curves with 5 to
6 std. nitrite solutions

Dynamic calibration with
std. atmospheres (e.g.,
from permeation tubes)
spanning the range of
observed concentrations
Static colorimetric cali-
bration with 5 to 6 std.
nitrite solutions

Calibrate std. NO cylinder
with ozone generator (pre~
calibrated by iodometric
procedure)

Calibrate NO monitor with
std. NO cylinder at several
concentrations

Calibrate NO,monitors
with std. NO"cylinder
(diluted NO concentrations
determined with NO moni-
tor) and calibrated ozone
generator

Calibrate associated flow-
meters
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Monthly

Before and after
each sampling period
Semi-annually

Monthly

Each new needle

Weekly

Monthly

Weekly

Each new cylinder

Monthly

Monthly

Semi-Annually

(continued)



TABLE 2.3 (Continued)

Instrument Procedure Frequency
24) Autoclaves and (a) Sterilization effectiveness Daily
sterilizers checked (e.g., B. stearo-

thermophilus, color indi-
cator tape for ethylene
oxide)
(b) Temperature-recording device Semi-annually
calibrated

TABLE 2.4 TECHNIQUES FOR QUALITY CONTROL OF INSTRUMENTS (ASTM, 1977)

Control Parameter Control Technique

Instrument operating range Coordinate instrument selection with
method requirements

Interferences Sample conditioning (drying, sepa-
rating, mixing, etc.)

Use of blanks
Use of spiked samples

Environmental conditions Monitor and control temperature,
humidity, pressure, and atmospheric
parameters that can affect system
response. Consult manufacturer's
instructions and method descriptions.

Associated equipment operation Proper handling procedures
(cuvettes, volumetric ware,

dilutors, etc.) Standard procedures for cleaning

Standardization or calibration
Normal system drift Zero adjust
System component functions Apply function tests

Plot response to changing concen-
trations

Perform maintenance when indicated

Response readout Use calibration curve, adjust using
blanks and zero-span controls
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2.5 PHYSICAL ENVIRONMENT OF RESEARCH

The environmental factors in the research laboratory can affect the
quality of sampling and observation. Good housekeeping provides the proper
setting for a quality control program. Some effects of poor housekeeping are
related to occupational safety and health, which are important. Lack of
care also usually goes with poor maintenance which leads to deterioration in
the quality of data. Some elements of poor housekeeping practices, which
quality-minded management will guard against are given in Table 2.5 (U.S.
EPA, 1973b).

Laboratory support services require quality control. Services include
gases, water, electricity and space conditioning. Some of the parameters of
support services that affect quality, and suggested control techniques are
given in Table 2.6 (U.S. EPA, 1973b).

Purchasing guides, or specifications, are required for all expendable
materials used by the laboratory. Purchasing and acceptance specifications
are discussed in Sect. 2.6. The same considerations apply to purchased
support services.

The quality of reagent water is a matter deserving special attention.
If the water has been purchased, each batch should be tested for conductivity
before acceptance. High purity water is generally defined as water having a
conductivity of 2.0 micromhos or greater. It may be necessary to redistill
water if greater purity is required. Stills, storage tanks and piping must
be specified, installed and maintained so as to minimize contamination.
Pretreatment of feed water will improve still operation. Ion exchange resins
are used to remove calcium and magnesium. A carbon filter on the feed water
intake will remove organic materials. Certain needs in biological research
may call for double- or triple-distilled water.

Also it may be a requirement that the water be ammonia-free, carbon-
dioxide-free, or ion-free. Ion exchange columns using research grade
cartridges can produce high quality water (ASTM Referee Reagent Grade) with
a maximum of 0.1 mg/l1 total matter and maximum conductivity of 0.1 micromho.
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TABLE 2.5 EFFECTS OF HOUSEKEEPING PRACTICES
ON LABORATORY PERFORMANCE (U.S EPA, 1973b)

Element

Possible Effects

Excess atmospheric or
accumulated dust

Reagent spillage or
leaks

Improper maintenance of
air conditioning and
heating equipment

Improper use of extension
cords or overloading
of circuits

Improper cleaning of glassware
and reagent containers

Non-systematized storage of
parts and tools

Failure of electrical contacts and
switches, excessive wear of
mechanical components, excessive
soiling of optical components

Corrosion, hazardous vapors,
electrical hazards, insecure footing

Air conditioning and heating equip-
ment failure, operation outside of
designated limits, equipment damage,
freezing, inking pen failures,
excessive reagent evaporation

Poor voltage control, excessive
circuit failures, electrical
hazard

Reagent contamination
Loss of tools, absence of tools

and parts when required, subsequent
system failure
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TABLE 2.6 TECHNIQUES FOR QUALITY CONTROL
OF LABORATORY SUPPORT SERVICES
(U.S. EPA, 1973b)

Support Parameters Affect- Control

Service ing Quality Techniques

Laboratory Purity specifications - Develop purchasing
gases vary among manufacturers guides

Variation between lots Overlap use of old
and new cylinders

Atmospheric interferences Adopt filtering and
drying procedures

Reagent water Commercial source Develop purchasing guides -
variation Batch test for conductivity
Purity requirements Redistillation, heating,

deionization with ion
exchange columns

Atmospheric interferences Filtration of exchange air

Generation and storage Maintenance schedules from
equipment manufacturer recommendations
Electrical Voltage fluctuations Battery power
service
Constant voltage transformers
Separate lines
Motor generator sets
Ambient Temperature Heating and air conditioning
conditions systems

Humidity Humidity controls
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2.6 CHEMICALS AND REAGENTS

The quality control plan should include standard procedures for choos-
ing chemicals, preparing standard solutions, storing and handling chemicals
and reagents, and choosing and handling standard reference materials. Table
2.7 (U.S.EPA,1973b) lists some of the factors affecting such procedures with
some of the appropriate control techniques.

2.6.1 Purchase Specifications

Chemical reagents, solvents and gases are available in a range of puri-
ties from technical grade to ultrapure grades. For many purposes, analyt-
ical reagent grade or pesticide grade will be satisfactory. Other uses,
such as trace analysis or treatment in biological assay, will require
special grades of purity. If purity is not specified, it is generally
understood that analytical reagent grade is wanted. However, the chemical
procurement specification should always state the desired chemical and
physical properties and the purity required.

For most grades, it will be sufficient to specify grade based on the
manufacturer's published data sheets, and acceptance may be on the basis of
the supplier's certification without sampling and testing. Pure grades
may have to be specified in detail and, depending on criticality of use,
may have to be sampled and tested before dilution and use.

At this point, it is pertinent to consider the whole matter of the
preparation of specifications and standards. Specifications and stand-
ards are required not only for chemicals and reagents but also for pur-
chase of facilities, equipment, and supplies of all kinds; for field and
laboratory operating procedures; for methods of test, including bioassay
protocols; and for quality assurance procedures. The next sub-section
gives a guide for specification and standard preparation in general.

2.6.1.1 Guide to the Preparation of Specifications and Standards --

* Introduction

This "Guide" provides the basis for the preparation of a system of
specifications and standards in conformance with regulatory requirements
and with current good laboratory practices. It provides the framework for
a system suitable to health effects research, biological research, and

environmental research in general.

e General Philosophy of Specifications and Standards

o Definitions

A specification is a precise statement, usually for use in procure~
ment, of the requirements for a material, product, system or service,
including the procedure by which it can be determined that the require-
ments have been met within the limits specified in the statement.
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A standard is a document containing a set of conditions to be ful-
filled by an item, process or method based on the consolidated results
of science, technique and experience which is approved by a recognized
authority and usually determined to be acceptable to all to whom it may

apply.
o Basic Considerations

The definitions of specification and standard agree with those
approved by the International Standardization Organization, and are in
accordance with the Federal Standards. A specification may be a stand-
ard, a part of a standard, or independent of a standard.

It is understood that the complete specification system shall have
been committed to writing.

The purpose of specifications and standards in a research program
is to ensure the validity and integrity of the data produced. Validity
refers to the scientific faultlessness of the data and integrity
refers to its presentation in unaltered form. The quality of results
depends on appropriate control and verification procedures in the re-
spective parts of the system.

o Categories of Documents

Materials specifications (or purchase apecifications)

Standard Operating Procedures (Good Laboratory Practices)

Standard Bioassay Protocols

Standard Methods of Test, including Histology and Pathology
Quality Assurance Procedures

o Suggestions for the Preparation of Specifications and Standards
Requirements, as far as practicable, should be expressed in numeri-

cal terms and must include acceptable levels or limits of permissible
variation.

The language used should contain the simplest words and phrases
that will convey the intended meaning. Use “shall" whenever a speci-
fication expresses a provision that is binding; use "should” or "may"
to express non-mandatory provisions. "Will" may be used to express a

declaration of purpose on the part of the Government or where simple
futurity is to be expressed.

Measurements shall be expressed in units of the metric system in
accordance with the International System of Units (SI) as detailed in
the National Bureau of Standards Special Publication 330. Equivalent
units may be given in parentheses.
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* Recommended Coding of Specifications

As a means of identification of specifications a uniform code system
combining letters and numerals is established.

The first two letters of the Code are reserved to indicate the partic-
ular program. The next letter will indicate the category of specification
as follows:

Materialé Specification M
Operating Procedure 0
Bioassay Protocol P
Method of Test T
Quality Assurance Procedure Q

Succeeding numerals will identify the particular specification uniquely.

Example: CBPl could indicate the carcinogenesis bioassay protocol for
an Acute Toxicity Test.

¢ Recommended Format of Specifications
o General outline form should be used. Each section should be
numbered in arabic numerals and subsections in decimal notation.
Active voice should be used. Tables may be used, for convenience,
except that the clarity and completeness of the written specification
shall not be sacrificed for brevity.
o Information Common to Headings of All Specifications
Specification Number
Type of Specification
Page Number

Title

Approval. Initials of the person authorized to approve for
each organizational unit should appear.

o Content of Specifications

The following section headings shall be included in all documents
in the system, with the note 'Not Applicable," if the section is not
required.
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Scope

. Applicable Documents
. Requirements

Quality Control
. Packaging (Materials specifications only)
. Notes

1
2
3
4
5
6
7. Reference Documents
8

. Appendix

Scope. A clear, concise delineation of the extent or range of
technical content shall be given which may be clarified as needed by
naming specific exclusions from coverage. A subparagraph headed
"Application' may be included to indicate the general field or particu-
lar area of use.

Applicable Documents. Government or nongovernment specifications
and standards may be referenced. Government regulations or codes may
also be referenced if essential. Only documents identified in Sections
3, 4 and 5 of the specification that are supportive to or clarifying
requirements of those sections shall be listed in Section 2. Refer-
enced documents shall be currently available.

Requirements. All necessary requirements (materials, processes,
systems and performance characteristics) shall be given. Only those
characteristics should be stated that can be confirmed by reliable
quality criteria or test equipment.

Quality Control. This section shall describe all sampling, testing
and analyses to be performed to control specified procedures and super-
visory actions to assure that the results conform to the requirements.

Packaging. Packaging is defined as the means of providing protec-
tion to items during shipment, storage, or redistribution operationms.

Notes. This section shall contain information of a general or
explanatory nature.

Reference Documents. Information sources are located in this section.

Appendix. Large data tables or detailed procedures or management
plans may be appended to the specification. Such material applies to
references in the body of the specification.
¢ Control of Specifications

o Preparation and Distribution
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This specification system applies to the whole of a particular
program, and its staff is responsible for the identification of exist-
ing specifications and for obtaining or preparing new specifications.
The program will maintain a complete file of specifications and sub-

contractors will maintain files of all specifications applicable to
themn.

o Review and Approval of Specifications
Approvals are required of the Program Director. Specifications
must be accepted by sub-contractor to which they apply. The Program's

Quality Control Officer shall review specifications based on the
following criteria:

Conformance to coding, categories, and format
Provision of acceptable limits of variability

Inclusion or reference to a procedure for verifying
that specification limits have been met

Necessary approvals and acceptances.
Specifications for a Mammalian Bioassay Program include

Standard Bioassay Protocol

Physical Plant and Material Specifications
Good Animal Care Laboratory Practices
Standard Methods of Test

Safety Standards

00000

Examples of specifications prepared in accordance with the Guide are
given in the following pages: a physical plant specification, a materials
specification and a standard method of test.

Examples of bioassay protocols in a format which departs considerably
from the format suggested in the Guide will be found in the parts of Section
3 for specific kinds of bioassay. See Sect. 2.7.2 and Appendix B for a
complete set of Good Animal Care Laboratory Practices suitable for mammalian
bioassay with rodents.
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TABLE 2.7 GUIDELINES FOR QUALITY CONTROL
OF CHEMICALS AND REAGENTS (U.S.EPA, 1973b)

Procedure Control Parameter Control Technique
Choice of Manufacturer designations Develop purchasing guides
chemicals
Method purity specifications Use American Chemical Society
designations as a base
Develop purification or
treatment procedures speci-
fied by method
Preparation Calibrated glassware Purchasing guidelines
of standard
solutions Standard reference materials Schedules for restandardi-

Storage and
handling

Standard
reference
materials

(SRM)
Stability
Container composition
Filtering or pretreatment

Environmental sensitivity

Availability

Stability

zation of solutions

Design a labeling system
Purchase single lot numbers
Rotate stock

Control temperature, light,
atmospheric exposure

Store in temperature-
controlled atmosphere

Desiccate when necessary

Replace if instability is
suspected

Weigh to determine loss or
degradation
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‘ Carcinogen Bioassay ?rogram
Type:
PHYSICAL PLANT SPECIFICATION

Subject:
BARRIER FOR PREVENTION OF CONTAMINATION BY PATHOGENIC MICROORGANISMS
Approved: |Proj. a.C. Lab ther Date
1. SCOPE

This specification covers considerations for the location and con-
struction materials of the barrier system. Ideas on the room size and
floor plan of the barrier system are also mentioned. Equipment areas,
laboratories and quarantine area within the barrier system are described.
A l1list of ancillary equipment for the barrier system is given. Lastly,
the four different types of barrier system are suggested.

2. APPLICABLE DOCUMENTS

None

3¢7 REQUIREMENTS

3.1 Location

3.1.1 Preferably, the barrier should be remote from other build-
ings or activities that could endanger its operation.

3.1.2 1f it is part of a building, there should be a maximum
isolation. This could be achieved by:

3.1.2.1 Spearate heating systems.

3.1.2.2 1Installation of devices to prevent backflow
through drains.

3.1.2.3 Containment of water leaks.

3.1.2.4 Use of differential air pressure to control
air flow.

3.1.2.5 Separate access and egress corridors.
3.1.2.6 Controlled access by personnel.
3.2 Construction Materials

3.2.1 Interior materials should be chosen for durability, longevity,
and low maintenance.

54



Carcinogen Bioassay Program Specification No. CBM-2

Subject: BARRIER FOR PREVENTION OF CONTAMINATION Date: Sheet |[Of
BY PATHOGENIC MICROORGANISMS 2 6

3.2.2 They should be resistant to corrosion, scrubbing, and harsh
chemicals, but they should be easy to clean.

3.2.3 The entire facility must be protected from climatic con-
ditions, and the building must be secure against such organisms as insects,
wild rodents, and vermin.

3.3 Room size.

3.3.1 It is easier to contain a point outbreak of disease 1if the
animal rooms are small and independent from each other.

3.3.2 Rooms should not contain more than one animal species.

3.3.3 1Ideally, rooms should not be so large as to contain more
cages than can be serviced by one person.

3.4 Floor plan.

3.4.1 The relation of one room to another and one floor to another
bill be dictated by the functions (in addition to animal care) of the
facility and by the flow of people, supplies, animals, and so on through
Fhe facility.

3.4.2 The traffic pattern should avoid backflow from any area to
lp cleaner area.

3.4.3 The animal rooms are to be the most protected area.
3.5 Equipment areas.

3.5.1 All mechanical equipment should be located where it can be
serviced without having the service personnel enter the more protected areas

pf the barrier.

3.5.2 Piping of any kind should not run directly over animal rooms
but should be located above corridors.

3.6 Laboratories.

3.6.1 Areas outside of the animal rooms where animals will be
handled must also be designed for ease of cleaning and have features to
pinimize possible contamination of animals by handling procedures.

( 3.6.2 Animals removed to conventional laboratories outside the
'barrier should not be brought back into animal rooms.
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Subject: BARRIER FOR PREVENTION OF CONTAMINATION Date: Sheet of
BY PATHOGENIC MICROORGANISMS 3 6

3.6.3 Consideration should be given to providing clean labora-
tories within the barrier with direct access to animal rooms.

3.7 Quarantine Area.

3.7.1 1If animals are brought in from an outside source, or if
animals removed from the barrier are to be returned, a protected area must
Pe provided where they can be held until their freedom from contaminants
is determined.

3.8 Ancillary Equipment.

3.8.1 The selection of the ancillary equipment, its placement,
performance monitoring, servicing, and dependability play a major role in
the success or failure of a barrier system.

3.8.2 Major movable and nonmovable equipment may be divided into
the following categories:

3.8.2.1 HVAC (heating, ventilating, and air conditioning):
Air-handling equipment, refrigeration compression or steam absorption
quipment, humidifiers, filtration systems, ductwork and air diffusers,
eat source, controls and alarm systems.

3.8.2.2 Utilities (types): Electric service and emergency
generators, high-pressure steam source, water supply (potable, chlorinated,
Pcidified, demineralized, UV-sterilized, filtered).

3.8.2.3 Sterilizing equipment (types): High-vacuum, double
[door autoclave system, ethylene oxide, ultraviolet equipment, ionizing
radiation source.

3.8.2.4 Mechanical washing equipment (types): Rack washer,
Funnel washer, batch washer, bottle washer.

3.8.2.5 Water-dispensing equipment: Automatic distribution,
chlorinators, filters, demineralizers, ultraviolet sterilizers.

3.8.2.6 Waste disposal: Incinerators, vacuum systems,

lhechanical disposal.

HC 3.9 Classification of Barrier Systems Based on Method of Contamination
ontrol.
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3.9.1 The major operational variables in a barrier system are
lquality, quantity, and source of animals; frequency and method of intro-
ducing animals through the barrier; processing of materials through the
arrier; entry of animal technicians into the barrier; method of housing
and handling animals; the environmental systems, with special emphasis on
the air-handling systems; and monitoring practices.

Type 1: Maximum-security barrier
1. Animal source -- defined microbially associated animals.

2. Animals are maintained in isolation and then introduced
via a port system into the barrier.

3. Sterile materials, including cages, food, bedding, and
lother supplies enter the barrier without contamination.

4. All personnel entering the barrier must strip, shower,
or pass through an air wash, wear sterilized uniforms, wear face mask,
loves, and hair and shoe covers.

5. All animals are transferred by forceps previously dis-
infected; manual handling is kept to a minimum.

6. Air supply is HEPA filtered (99.97 percent effective at
0.3 micron particle retention). Air recirculation is permitted if properly
monitored.

Type II: High-security barrier

l. Animal source - barrier-maintained animals.

L 2. Animals are shipped in filter boxes and introduced via
secure port system (quarantine within the barrier is optional).

3. Materials - same as Type I.
4. Personnel - same as Type I.

5. Animal Care - same as Type I.

6. Air supply is filtered (95 percent effective at 0.3 u).
> air recirculation is permitted unless HEPA filtered.
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Type III: Moderate-security barrier

1. Animals are obtained from a reputable breeder and des-
ignated as barrier or monitored animals. Monitoring results are available
for review in order to select suitable animals for research projects.

2. Animal entry - same as Type II, but each shipment should
be placed in room containing animals from only one vendor.

3. Materials are either sterilized or sanitized or are
heat-treated to kill all pathogenic vegetative microbial forms. If cages
are sanitized instead of autoclaved, water temperature sensors that shut
off the washing machine (less than 108°F) are recommended.

4. Personnel -~ same as Type I, but use of face masks and
gloves may be modified.

5. Animal care - same as Type I or modified to include hand
contact.

6. Air supply filtration is rated at 85 percent efficieéncy
or better for 0.3 u particle retention.

Type IV: Minimal-security barrier

1. Source of animals - same as for Type III, except that
these are usually monitored animals held within a barrier. The supply
colony may therefore have antibodies to known viral pathogens, and certain
bacterial agents may be present. Knowledge of monitoring results is criti-
cal for selection and proper use of these animals.

2. Animals may be introduced via exit corridors, minimizing
exposure. Containers do not enter rooms. Animals may be quarantined out-
side barrier then introduced via transport cages.

‘3. Materials - same as Type III.

4. Technicians enter through personnel lock, but security
measures less stringent than Type III

5. Investigators abide by rules for animal techincians or
have an option in some areas of the barrier to enter their own animal
rooms from the exit corridor after donning disposable shoe covers and
clean laboratory coats and then washing hands and using disposable gloves.
They cannot enter other animal rooms or enter clean corridors.
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6. Animal handling - generally the same as Type III.

7. Air supply - same as Type III.

4. QUALITY CONTROL

4.1 Methods used in monitoring must include a thorough visual exami-
ation of the overall barrier system and its operating components, par-
ticularly of personnel involved in animal husbandry, cage sanitationm,
chine maintenance, and decontamination.

4.2, Monitoring procedures for Types I and II barrier systems should
include statistically significant sampling by microbiologic, histopathologic,
End physical methods.

4.3 Monitoring procedures for Type III barrier system are the same as
Type I & II, but depth and breadth of monitoring practices are reduced.

4.4 Monitoring procedures for Type IV barrier system are the same as
Type III, but may be further reduced. Level of monitoring must be adequate

for the purpose of the experiment.

4.5 Perform serology on personnel for the presence of antibodies to
fnimal viruses. :

5. PACKAGING

Not applicable here.
6. NOTES

6.1 This specification is taken from: Long-Term Holding of Laboratory
Rodents, ILAR News, Volume XIX, Number 4, 1976, L9-L12.

6.2 Calling a Type I barrier "maximum security" does not presuppose
that contamination will not occur. Actual quality of the animals in such
a system should be known and duly recorded.
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. —
TYPe:  MATERIALS SPECIFICATION Sheet r)f
1 8
Subject:
CHEMICALS FOR TESTING IN THE CARCINOGEN BIOASSAY PROGRAM
Approved: |Proj. Q.C. Lab Other Date

1. SCOPE

This specification covers chemicals to be tested for carcinogenic
potential in the Carcinogen Bioassay Program. '

2. APPLICABLE DOCUMENTS

2.1 Code of Federal Regulations, Title 42, Section 72.25, 1972.
2.2 Code of Federal Regulations, Title 49, Section 173, 1973.

3. REQUIREMENTS

3.1 All samples of chemicals to be tested for carcinogenic potential
in the Carcinogen Bioassay Program shall be collected by the supplier in
a manner that insures that the sample is representative of the entire batch
or lot.

3.2 Chemicals to be tested will be specified and supplied to the
Analytical Subcontractor and Bioassay Laboratory by Program Management
(601’ 6-2, 6.3).

3.3 Pure reference standards to be used in all relative purity assays
as well as for comparison of different lots of chemicals shall be obtained
from the. National Cancer Institute, U.S. Pharmacopeia, National Formulary,
commercial sources, or shall be prepared by the Analytical Subcontractor
(6.3).

3.4 The homogeneity, chemical identity, impurity content, stability,
and storage parameters of each test chemical shall be determined prior to
its bioassay by the Analytical Subcontractor. Results shall be given to
the bioassay laboratory as well as to Program Management (6.1, 6.2, 6.3).

3.5 Identification and quantification of impurities as well as puri-
fication of the test chemical may be necessary in some instances (6.1, 6.3).

3.6 Homogenization of test chemical (6.3)

3.6.1 Samples of the test chemical shall be ground in a Fitz
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Mill, homogenized in a Day Blender, and then analyzed for homogeneity by
the Analytical Subcontractor. Samples shall be taken at three levels in
the blender for analysis.

3.6.2 The entire batch of chemicals to be used by the bioassay
laboratory shall be ground and homogenized by the Analytical Subcontractor.

3.7 1Identification (6.3)

3.7.1 Single compounds

Two or more of the following tests shall be used depending on
the amount of sample available, nature of the compound, and the number of
techniques necessary to identify the compound:

3.7.1.1 Spectral data

Infrared

Ultraviolet

Visible

Nuclear Magnetic Resonance

Mass Spectroscopy - when necessary to
clarify structural data.

0O 0000

3.7.1.2 Physical constants

Melting Point
Boiling Point
Refractive Index
Optical Rotation
Elemental Analysis

O 0000

3.7.1.3 Chromatography

o Thin-Layer - all but highly volatile cmpds

o Vapor-Phase - highly volatile compounds

o High-Pressure Liquid - non-volatile polar
compounds

o Gel Permeation Mtds. - non-volatile polar
compounds

3.8 Assay (6.3)
3.8.1 Single Compounds

"3.8.1.1 Assay methods for the test chemical shall be deter-
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mined by the Analytical Subcontractor on the basis of chemical nature of the
compound and the procedure by which it was synthesized.

3.8.1.2 Two or more of the following methods shall be used for
each chemical depending on the amount of sample available, nature of the
compound, and number of procedures necessary to determine the level of purity
3.8.1.2.1 Elemental Analysis
3.8.1.2.2 Chromatography - as for 3.7.1.3

3.8.1.2.3 Spectroscopy

Emission

Visible

Ultraviolet

Infrared

Fluorescence

Nuclear Magnetic Resonance
.Electron Spin Resonance
Mass Spectroscopy

*
)

000000O0O

3.8.1.2.4 Titrimetry and Electroanalysis

o Colorimetry

o Potentiometry - Compounds with reactive groups,
e.g., amines, acids, oxidizable,
reducible groups, etc.

o Polarography - Reducible compounds

o Voltammetry - Oxidizable compounds

o Coulometry

0 Amperometry

3.8.1.2.5 Absolute Purity Analysis - Reference standards
and compounds where
high purity is
critical
o Differential Scanning Colorimetry
o Phase Solubility

3.8.2 Mixtures (6.3)

3.8.2.1 1Isolation of Components

At least two of the following methods shall be used:
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0 Crystallization
o Preparative Chromatography

o Thin-Layer Chromatography

o Column Chromatography - Preliminary to high
pressure liquid or
vapor-phase for
solid compounds

o Vapor-Phase Chromatography - Volatile compounds

o High-Pressure Liquid Chromatography

o Spinning Band Distillation - Volatile compounds
o Zone Refining - Solid compounds
0 Sublimation -~ Solid compounds

3.8.2.2 1Identification of Components - As for 3.7

3.8.2.3 Quantification of Components - As for 3.8

3.9 Reanalysis (6.2)

A sample of the bulk test chemical shall be analyzed for purity
at various intervals by the bioassay laboratory, or by a subcontractor
in close proximity to the laboratory so that the analytical results are
available within one week. Analytical methods to be used will be provided
by the Analytical Subcontractor.

3.9.1 Each chemical lot shall be reanalyzed for purity at four-
month intervals from receipt of the lot through the subchronic test.

3.9.2 Each batch of chemical to be used for the chronic test
shall be analyzed for purity two weeks prior to initiation of the test,
during the test at three, six, twelve, and eighteen months, and within
two weeks after sacrifice of the last treatment group.

3.9.3 If a new lot of chemical must be used after beginning of
the chronic test, it shall be analyzed immediately, and thereafter at
the same times the initial batch would have been analyzed.

3.9.4 Any significant change in purity or appearance of the
test chemical shall be reported to Program Management immediately via
telephone by the Principal Investigator (6.2).

3.10 Stability and Storage

3.10.1 Stability (bulk and solution) and storage parameters for
each test chemical - with respect to temperature, light, air, and moisture -~

63




Carcinogen Bioassay Program Specification No. CBM-17

Subject: cuEMIcALS FOR TESTING IN THE Date:  [Sheet |Of
CARCINOGEN BIOASSAY PROGRAM 5 8

shall be determined prior to its bioassay by the Analytical Subcontractor
(6.1, 6.2, 6.3).

3.10.2 Light-sensitive chemicals shall be stored in the dark
in amber bottles. All work with such chemicals shall be performed in a
darkened room with filters to exclude ultraviolet light.

3.10.3 Bulk stability shall be determined at 0°C, 25°C, and 60°C
for periods up to two months; and decomposition shall be followed by
analytical techniques (6.1, 6.2, 6.3).

3.10.4 Each test chemical shall be handled and stored by the
bioassay laboratory in accordance with directions provided by the Analytical
Subcontractor (6.2, 6.3).

3.11 Purification (6.3)

3.11.1 Chemicals requiring purification prior to the bioassay
shall be subjected to treatment appropriate for the chemical nature of the
mixture and required purity of the test chemical.

3.11.2 The following techniques are to be used singly or in
combination: :

o Crystallization
o Preparative Chromatography

o Thin-Layer - For all but highly volatile compounds
Column - Preliminary method for solid compounds
Vapor Phase - Volatile products
High-Pressure Liquid - Non-volatile polar compounds
Spinning Band Distillation - Volatile products
Zone Refining - Solids
Sublimation - Solids

0Oo00O0OO0O0O

3.11.3 Following purification, the test chemical shall be analyzed
as indicated in 3.8

3.12 Disposal of Residual Chemicals (6.2)

3.12.1 All test chemicals shall be retained by the bioassay

laboratory until directed by Program Management to ship the materials to
the Analytical Subcontractor.

3.12.2 A1l chemicals shall be packaged and shipped in accordance
with (5).
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4. Quality Control

4.1 Bioassay tests shall be performed only with chemicals which meet

project identity, purity, and stability standards as indicated by the

Analytical Subcontractor's testing results.

! 4,2 The supplier shall certify that all samples submitted to Program

Management were collected in accordance with project specifications.

4.3 Sample Storage, Labeling and Records

4.3.1 All samples shall be logged in upon receipt with the

following information: log number, identification of material, purchase

order number, manufacturer, date.

4.3.2 Log number and shelf-life expiration date shall be added to

the manufacturer's label on all containers.

4.3.3 The Quality Control Supervisor shall make certain that all
test chemical samples are stored in accordance with recommendations of

the manufacturer and Analytical Subcontractor.

I 4.4 Identification and Quantitation

4.4,1 Samples which do not meet all project identification
criteria shall be considered unacceptable for bioassay testing.

4.4.2 Quantitative assays in which reference standard results

differ by more than 102 from the certified value shall be considered
invalid and must be repeated.

4.4.3 Samples shall be rejected if:

4.4.3.1 Percentage of main ingredient differs from project

specifications by 10 or more percent.

4.4.3.2 Impurities, other than those indicated acceptable

Iin project specifications, are found.

4.4.3.3 Any contaminant exceeds the maximum acceptable
concentration according to project specifications.

4. 4 3.4 The Analytical Subcontractor deems that the sample

‘can be satisfactorily purified to meet project specifications. The sample

._y be accepted provisionally under these conditions.
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4.4.4 All assays of purified samples, stability tests and

reanalyses shall be subjected to the same controls indicated in 4.4.1 -
4.4.3 above.

4.4.5 All identification and quantitation review results and
actions shall be recorded in the Quality Control Record Book and signed
by responsible personnel.

4.5 Storage Control

4.5.1 Storage areas for test chemicals shall be equipped with

automatic temperature and humidity regulators connected to an automatic
alarm system.

4.5.2 The Quality Control Supervisor shall make certain that all
environmental storage parameters (3.10.1) are checked periodically and that
any indicated adjustments are made promptly.

4.5.3 All outdated test chemicals shall be withdrawn and disposed
of as indicated by Program Management (3.12).

4.6 Equipment Control

4.6.1 All equipment shall be inspected at intervals recommended by
the manufacturer. Cleaning and all other stipulated maintenance operations
shall be performed as scheduled. Defects shall be repaired properly.

4.6.2 Precision instruments shall be recalibrated at intervals and
by procedures, recommended by the manufacturer.

4.6.3 All inspections, maintenance operations, and recalibrations
shall be recorded in the Quality Control Record Book and signed by the
responsible personnel.

4.7 Reagents Control

4.7.1 Packing slips accompanying all reagent shipments shall be
examined for conformance with project specifications. Reagents which
differ significantly from project specifications shall be rejected.

4.7.2 All reagents shall be performance tested upon receipt
and at stated intervals during storage. Reagents giving substandard
performance shall be returned to the supplier or discarded.
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4.7.3 All results and actions involved in reagents control shall
be recorded in the Quality Control Record Book and signed by responsible
personnel.

5. Packaging

5.1 Stable carcinogens shall be packaged and shipped in accordance with
regulations of the Department of Health, Education, and Welfare for the
transportation of etiological agents (2.1).

5.2 Unstable chemical carcinogens (corrosive, explosive, flammable)
shall be packaged and shipped according to Department of Transportation
regulations (2.2).

6. Reference Documents

6.1 Guidelines for Carcinogen Bioassay in Small Rodents, NCI-CG-TR-1,
Sontag, J.M., N.P. Page, and U. Saffioti, National Cancer Institute, DHEW,
Bethesda, Maryland, February 1976.
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STANDARD METHODS OF TEST

| Carcinogen Biocassay Program Specification No. CBT-1
Type: Sheet ]Of

1 2
Subject:
PURITY TESTS ON CHEMICALS FOR STUDY IN THE NCI CARCINOGEN BIOASSAY PROGRAM
Approved: [Proj. Q.C. Lab ther Date

1. SCOPE

This specification covers tests for purity on chemicals selected for
study in the Carcinogen Bioassay Program.

2. APPLICABLE DOCUMENTS

None

3. REQUIREMENTS

3.1 Each chemical to be studied in the Carcinogen Bioassay Program
shall be tested for purity prior to its biloassay by the program management
analytical subcontractor.

3.2 Purity tests shall be designed to:
3.2.1 Confirm identity of the test chemical.
3.2.2 Determine concentration of test agent in bioassay batch.

3.2.3 Characterize each contaminant encountered physically
(e.g., chromatographic behavior).

3.2.4 1Identify major or critical contaminants and, in some cases,
determine percentage of each, if requested by program
management (2.1).

3.3 Purification of test chemical may be necessary in some cases.

3.4 Chemicals will not be released for bioassay until analytical
results indicate that the chemical is of sufficient purity.

3.5 The bioassay test laboratory shall reanalyze the chronic test
chemical batch for purity two weeks prior to the start of test and at three,
six, twelve, and eighteen months during the bioassay, as well as within two
weeks after sacrifice of the last treated group. The analytical methods
will be supplied by the analytical subcontractor.

3.6 If a new batch of chemical must be used after initiation of the
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chronic test, its purity shall be tested immediately upon receipt and there-
after at the same times indicated for the initial batch.

3.7 Purity analysis results shall be reported to the Principal Investi-
gator immediately and no later than four weeks to program management.
Reports shall include methodology and critical raw data (spectra, chroma-
tographic traces), analysis and interpretation of the data, and conclusions.
The report shall be signed by the responsible chemist.

3.8 Any significant changes in purity of the test chemical during the
bioassay shall be reported immediately to program management via telephone
by the Principal Investigator.

4. QUALITY CONTROL

4.1 All analytical instruments used in purity tests on chemicals to be
studied in the Carcinogen Bioassay Program shall be recalibrated monthly.
All recalibration data shall be recorded in a bound notebook, dated, and
signed by personnel involved.

4.2 Standard reference samples of known purity supplied by the manu-
facturer shall be run in parallel with test chemicals in all purity tests.

5. PACKAGING
Not Applicable
6. NOTES

6.1 Two methods generally will be used in reanalysis for purity of the
test chemical. The methods shall be pertinent to the chemical and its
suspected degradation products. The methods also should be complementary
and as simple as possible. The purity of a volatile liquid, for example,
might be checked by gas~liquid chromatography and a spectroscopic technique.

7. REFERENCE DOCUMENTS

7.1 Guidelines for Carcinogen Bioassay in Small Rodents, NCI-CG-TR,
Sontag, JM., N. P. Page, and U. Saffiotti, National Cancer Institute,
[National Institutes of Health, Bethesda, Md., 1976.
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2.6.2 Acceptance Specifications

The acceptance specification, the next important part of the labora-
tory's quality control system, should spell out the sampling to be done
on receipt of the chemical, the analyses to be performed, and should state
the acceptance criteria. If further purification is required before use
in a bioassay, the purification steps should be specified.

A sample should be representative of the lot as received. The general
principles of sampling are covered in Section 2.3 in the context of the
larger task of the laboratory to perform sampling and measurement at all
stages of research.

The laboratory operating protocol should contain specifics regarding
the analyses to be performed at the materials acceptance stage. These will
include: identity of the material (qualitative analysis), purity, identity
of impurities, percent of each impurity (quantitative analysis), and gen-
eral nature of unidentified impurities. Also, it is important that pos-
sible contaminants, if they could have an adverse effect on the experiment,
be shown to be absent. In identifying the impurities all should be char-
acterized physically, as by chromatographic behavior, and the major ones
should be directly identified.

By acceptance criteria are meant the rules for accepting or rejecting
a lot for failure to meet specification. 1In general these criteria are
expressed as plus and minus ranges about the nominal quality beyond which
results are to be judged inacceptable. These plus and minus limits are
statistically calculated confidence limits obtained from repetitive measure-
ments of the same sample.

Filter media can be classified as reagents (U.S. EPA, 1973) The pur-
chase specification should include requirements for flow characteristics,
surface uniformity, occurrence of pinholes, pH, ion blanks, and light re-
flectance or transmittance. '

Incoming lots should be sampled and tested for measurable character-
istics. Attributes sampling (for example for pin hole leaks in glass
fiber filters) may not be describable because each filter should be examined
before use in the field.

2.6.3 Control of Chemicals and Reagents

The purchase specification or purchase order should instruct vendors
to mark individual containers and packing slips with name of material,
vendor's name and address, vendor's lot number, quantity, and material
specification number and date.

Upon receipt, the package marking or packing slip should be checked
against the purchase order. Discrepancies will subject the lot to re-
jection. 1If it is desired to check the validity of the certification, or
if intended use requires acceptance sampling and testing, it is done at
this time. The material is then logged in. The log sheet should have
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the following columns: Assigned log number, identification of the material,
purchase order number, name of vendor, date, and disposition (accepted or
rejected). The label of each container should be marked with the log number
and the shelf-life expiration date. Shelf-life, particularly of biological
reagents, 1s usually determined by the vendor and included on the container
label. The inventory of chemicals and reagenqs should be checked monthly to
identify materials approaching the shelf-life eipiration date.

The disposition record may be used to establish trends in vendor per-
formance and may indicate a need to clarify specifications or change vendors.
If purity tests are made, the record of these tests may be charted providing
another opportunity to keep an eye on quality variations. A check on qual-
ity, strength, concentration and composition of chemicals and reagents is
usually made as part of the analytical procedure as a precaution against
omissions in the acceptance procedure.

Storage of chemicals and reagents should be under conditions to mini-
mize deterioration with time. A first in, first out inventory policy should
be applied.

Reagents must be prepared and standardized with utmost care. Written
procedures should be available in the laboratory.

Standard solutions will require occasional restandardization. Storage
and standardization requirements for several standard solutions are given
in Table 2.8 (U.S. EPA, 1973b).

Labels on standard solution bottles should include chemicals used,
manufacturers, lot numbers, date of preparation, date of next standardi-
zation, standardization conditions of analysis (temperature, pressure and
humidity).

Standard reference materials are available for many chemicals from
the National Bureau of Standards. The availability of primary standards,
particularly of biological materials may be limited and commercial manu-
facturers must be depended upon. Standard reference materials are used for
standardizing solutions, calibrating equipment and monitoring precision
and accuracy of measurement methods. Supplier's recommended storage and
handling procedures should be followed.
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TABLE 2.8 RESTANDARDIZATION REQUIREMENTS
(U.S. EPA, 1973b)

Storage Frequency of
Solution Requirements Restandardization

0.02-1N Sodium hydroxide Polyolefin Monthly

0.02-1N Hydrochloric acid Glass Monthly

0.02-1N Sulfuric acid Glass Monthly

0.1N Iodine Amber glass Weekly (open bottles)
Refrigerate Monthly (sealed

bottles)

0.1N Sodium thiosulfate Glass Weekly

0.1N Ammonium thiocyanate Glass Monthly

0.1N Potassium bichromate Glass Monthly

0.1N Silver nitrate Amber glass Monthly

0.1N Potassium permanganate Amber glass Weekly
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2.7 CONTROL OF TEST SUBJECTS

2.7.1 Control of Animal Breeding

Quality control must begin in the breeding and production colonies.
Since in most instances, biological research laboratories purchase animals
from outside suppliers, it is important that quality control requirements
be spelled out in purchase contracts. The detail required in contracts
increases if the supplier does not have a good reputation for quality or if
he cannot produce evidence that he maintains an adequate quality control
program. It is even more important that quality requirements be very
specific if the laboratory is contracting for purchase of animals (such as
primates) caught in the wild.

All the requirements for Good Animal Care Laboratory Practices (see
following Section and Appendix B) apply and in addition to requiring
conformance to the BLP's, the contract may specify the following taken from
a contract for supply of Sherman stock rats used by the Health Effects
Research Laboratory, Research Triangle Park:

* The Contractor shall maintain a production colony under barrier
conditions in accordance with standard industry practices (Reference:
Defining the Laboratory Animal, National Academy of Sciences,
Washington, D.C., 1971).

e The Contractor shall re-certify the continued absence of known
pathogens in the production colony every six (6) months for the
duration of this contract. Such certification shall include as a
minimum, lists of tests used and results for the following pathogens:
viral, PVM, Reo 3, GDVII, KRV, B-1l, Mse, Adeno, MHV, LCM, RCV, Sendai,
bacterial, mycoplasma pulmonis, bordetella bronchiseptica, pseudomonal
aeruginosa, salmonella typhimurium, coryne bacterium kutsheri,
streptobacillus moniliformis, bacillus piliformis, and pasteurella
pneumontropica. In addition, animals shall be free of arthropod and
helminth parasites known to infect this species (rats).

. The Contractor shall re-derive replacement breeding stock as often
as necessary to maintain the quality of animals specified in this
contract.

i The Contractor shall group-house the holding stock animals with
three to five animals per cage. All such animals shall be held in
stock until shipment is requested by the Project Officer or his
designated representative. Animals over 90 days of age shall be
disposed of by, and at the discretion of the Contractor. All animals
shall be housed in existing Contractor-owned and-operated facilities.
All testing of animals, to ascertain their quality, shall be done by
Contractor personnel in the Contractor's own laboratories.
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The National Academy of Sciences published a series of Procurement
Specifications (Contract Clauses) for experimental animals including:

Conditioned Random-Source Dogs, 1968
Conditioned Random-Source Cats, 1968
Kennel-Produced Dogs, 1969

Colony-Produced Cats, 1969

Defined Laboratory Rodents and Rabbits, 1973
Defined Wild Caught 0ld World Monkeys.

2.7.2 Good Animal Care Laboratory Practices

The basic references for good animal care are U.S. DHEW (1974) and
Sontag et al. (1976). In addition, the FDA Regulations (FDA, 1976) have

had a substantial impact on thinking about improvement in non-clinical
laboratories.

A complete set of Good Animal Care Laboratory Practices suitable for
mammalian bioassay with rodents is given in Appendix B.
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2.8 CONTROL OF PERFORMANCE OF EXPERIMENTS

2.8.1 Quality Control Charts

The control chart is a graphic means of analyzing data and of con-
trolling the consistency of results over time. The basic concept on which
the control chart is based is that the random variations to which all
measurements are subject occur over short periods of time; on the other
hand, special causes of variation, for which an assignable cause may be
found, occur over relatively longer periods of time. Therefore, control
limits are calculated from the average wagiatien vithin small sets er
subgroups of data collected essentially at the same time. The limits are
used to control the variation of subgroup averages over time. This 1is
possible because the variance of an average is related to the variance of
the individual measurements inversely as the number of measurements
averaged: 2
s° (average) = s~ (Individuals)/ n,
and therefore, s =38/ /n .

X
If the control limits are exceeded, a signal is given that a non-random
event has occurred.

This gives to control limits an entirely different significance than
that of confidence limits as calculated using Eq. 2.2.3. Confidence limits
are calculated from the whole set of data and include both short-term random
variation and any longer-term nonrandom variation that may have occurred
while the data were being collected. Confidence limits are calculated as
though all variation was random but, since an internal check of randomness
may not have been made, this may not be the case. Usually, the variance
calculated from the whole of a set of data is larger than the variance cal-
culated by control chart techniques using the same data but arranging them
in subgroups. Charts on which confidence limits were plotted would be use-
less for control.

If there are no special assignable causes of variation in a set of data
the variance in the long-term should not be significantly different from the
average variance within short-term subsets of the data. Then the measure-
ment system is said to be in a state of control. Only random causes affect
the variance and there are no perturbations. 1In the controlled state, con-
fidence limits calculated from the whole set of data should be very close
to the control limits.

Control charts are used to prevent persistence of assignable causes of
variation, such as operator error, instrument drift, changes in reagents, or
environmental effects, by providing a visual signal when something non-random
has occurred. If a point goes out of control (is outside the control limits)
when plotted on the control chart, action should be taken.to identify and
correct the cause. The limits are placed (usually at plus and minus three
standard deviations from the average of the measurements) so that it is very
unlikely that a departure from the limits could have been caused by chance
alone. Therefore, it is worth while to look for the cause of trouble every
time the measurement process goes out of control. As originally proposed by
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Shervhart (1931), the control chart was intended for economic control, i.e.,
effort would be spent on trying to identify assignable causes of variation
only infrequently when actually variation. was only random.

The control chart method can be used to analyze any set of data, even
small sets usually associated with biological experimentation. It takes
larger sets of data (small sets gathered over a period of time) to make the
control chart work well for control or for improvement of an experimental
pProcedure.

One of the advantages of the control chart, which makes it attractive
for analysis as well as control of data, is that the variance on which the
limits are based is calculated using the range (difference between the
largest and smallest number in a small set) rather than the mean square vari-
ation. This lessens the calculation load because the arithmetic is simpler.
In addition, the control chart calculation provides a within-group/between
group comparison of variation which is easier than the formal analysis for
variance. Thus, single factor experiments (the kind most frequently met
with in biological research) could be analyzed using the control chart tech-
nique rather than by the methods illustrated in Section 2.2.

The selection of the small sets, or subgroups, of the data must be made
on a rational basis. For example, it is rational to try to control measure-
ment systems by making replicate tests (two or more) on standard samples on
a periodic basis. The control limits are based on the average variance
within the replicate subgroups and the averages of successive replications
are plotted. The rationale is that it is worth trying to control the test
over a period of time (differences between the averages) as closely as
possible to control the differences within the replicate subgroups.

A generalized control chart for averages of small subgroups of data is
given in Figure 2.2.

The central lire on the chart is the grand average of all the available
data. A minimum of 10 subgroups of data should be available before plotting
of a control chart is attempted. It is necessary to have about 30 subgroups
before the limits can be adopted as standard control limits.

Three standard deviation limits (3-sigma limits) are generally used.
The formula for the control limits for a control chart for subgroup averages
is:
X + A2R
where X is the grand average of all the data, R is the average range of
the subgroups, and A, is a factor for 3-sigma limits for subgroups of a given
size, available in any quality control text book.
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UPPER CONTROL LIMIT
OBSERVED VALUES OF X

! —
: /\ J\ A CENTRAL LINE
i /I v \/

| LOWER CONTROL LimiT

AVERAGE, X

T 2 3 4 5 6 7 8 9 10
SUBGROUP (SAMPLE) NUMBER

Figure 2.2 Generalized control chart for averages.

It is also possible to plot a control chart for ranges to control the
variability within the subgroups (i.e., the difference among replicates).
The formula for limits for ranges are:

Lower limit: DSE

Upper limit: Déﬁ

where R is the average range of the subgroups and D and D, are factors for
3-sigma limits. These limits are plotted below and above 3 central line
plotted at R. They are non-symmetric about R.

The horizontal scale on the chart is the subgroup number. The vertical
scale is a measurement scale.

Averages of subgroups of the data are plotted, usually in time sequence,
so that the occurrence of a point out of control may be identified by the
time it occurred.

A convenient format for recording of data and calculations follows:

Observations Average Range
Subgroup No 1 2 3 4 5 X R
"1
2
3
etc.
Totals
ssl Z = IX / No. subgroups
832 R = IR / No. subgroups
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The central line for an average chart is SS..

The central line for a range chart is §sS,. 1

The X's from the body of the table are pfbtted on an average chart.

The R's from the body of the table are plotted on a range chart.

The number of observations per subgroup (subgroup size = n) determines
the values of A,, D3, and D,. The subgroup size is usually small. Experi-
ence has shown ghat subgroué sizes from 2 to 5 are most used.

A partial table for control chart factors follows (ASTM, 1976):

Subgroup Size (n) A2 D3 D4 d2
2 1.880 0 3.267 1.128
3 1.023 0 2.575 1.693
4 0.729 0 2.282 2.059
5 0.577 0 2.115 2.326
6 0.483 0 2.004 2.534
7 0.419 0.076 1.924 2.704
8 0.373 0.136 1.864 2.847
9 0.337 0.184 1.816 2.970
10 0.308 0.223 1.777 3.078

Values for the factor, d,, are given above because this factor is use-
ful in estimating the standara deviation from the range as follows:

8 = R/d2
Using this relationship, the precision of a method can be calculated from

the average range of successive replicate determinations on a standard
material, as:

P =+t R/,

2.8.2 Assessing Laboratory Performance

2.8.2.1 Precision --

For control of precision of results, replicate measurements on a stand-
ard material are made periodically (e.g., daily) by the operator. When ten
sets of replicates are available, tentative control limits for averages
(and for ranges, if desired) are calculated and an average chart is con-
structed as explained above. The ten averages are plotted on this chart.
The limits are extended over more daily periods and an additional point is
put on the chart daily, as the tests are completed. A point out of control
means that something unusual has occurred and that it is worthwhile to look
for a cause. The cause may be an operator error, a change in reagents,
instrument malfunction, a change in the environment, or some other identi-
fiable change in the procedures. If precision is to be maintained,
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corrective actions must be taken.

When the average chart is in control, the control limits may be used to
express the precision of the average of replicates:
P_= i_AZR
X
The precision of the method is usually expressed in terms of individual
measurements, so if the average control chart is in control,

where n 1s 2, for duplicate daily determinations.

Relatively infrequently, something can happen to the replication of measure-
ment causing the range to be larger than usual. If the operator is new to
the method, it may be desirable to plot the ranges of the replicates, at
least until it is evident that his skill is sufficient to warrant dropping
the range chart.

2.8.2.2 Accuracy--

Accuracy may be controlled using spiked samples. Percent recovery is
determined on two or more samples at periodic intervals, say daily. Control
charts for averages (and perhaps ranges) are set up, as for control of pre-
cision.

Action should be taken daily (or whenever percent recovery is deter-
mined) to keep this chart in control. When the accuracy control chart is in
control, the control limits may be used to develop a statement about accuracy
of the method. As defined in Section 1, accuracy is made up of the bias (or
constant error) of the average of a number of measurements from the known
amount added to the spiked samples plus uncertainty of the average. There-
fore, accuracy is better pinned down when the number of measurements in the
average is larger. We would express it using all the information available
to us. The limits on the average chart apply to averages of the periodic
replicate determinations of percent recovery.

Using the control limits of a measurement process that is in control,
accuracy of the method is expressed by:

A= |X+a, RN |

where n is 2 for duplicate periodic determinations and N is the total number
of measurements at hand and used to calculate R.

It is possible, in both the precision and accuracy control -chart pro-
cedure, to use subgroups of varying size. This complicates the calculations
but it can be handled using methods available in quality control texts
(Juran, 1974; Duncan, 1965; Grant and Leavenworth, 1972).

For further application of control charts in the environment and
related areas see U.S. EPA, 1972, 1973b; NIOSH (undated).
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2.9 INTERLABORATORY TESTING

After a laboratory has brought its measurements under control, it is
desirable to extend the efforts at improving laboratory performance to
checking with other laboratories to see what can be done to improve agree-
ment of results between laboratories.

This is usually done using standard samples. These standard samples
are often prepared by a reference laboratory and distributed according to
plan among participating laboratories. Large organizations, such as EPA,
may use one of its laboratories as the reference laboratory and send samples
to all in-house and contractor laboratories.

Replicate results from each of a number of laboratories may be analyzed
using analysis of variance (single factor model). Also, range control
charts can be used to compare the variance within the laboratories. If the
within-laboratory ranges are in control, an average control chart can be
used to plot laboratory averages using the grand average of all laboratories
as the center line. Limits would be based on the average within laboratory
ranges and the points plotted would be the laboratory averages.

Correction of points out of control on the range charts would be the
responsibility of the individual laboratory because they represent intermal
laboratory problems.

If the average chart is out of control the reason may be different
instrumentation in the different labs, different degrees of environmental
control (i.e., temperature, humidity, etc. ), or differences in methods or
in the closeness with which standard methods are followed. Moreover, some
labs may be out of control on the high side and some on the low. Bringing
the laboratory community into line requires collaborative effort. Some
causes of failure to compare well with the average may be correctable and
some not. However, experience has proved that it is well worthwhile to do
this kind of proficiency testing because many problems require comparison of
results from more than one laboratory. These comparisons cannot be made
with confidence unless the laboratories involved have internmal control and
there is some consistency in testing the same thing in different laborator-
ies.

When an interlaboratory testing program results in evidence of control
between laboratories, some kind of a calculation can be made of the pre-
cision and accuracy of measurement methods in the making of interlaboratory
comparisons. Until such is the case there must remain some doubt about
apparent differences between laboratories.
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2.10 DATA HANDLING AND REPORTS

The quality of the output of research, the data and the reports, is
what the whole quality assurance activity is about. By controlling all the
elements of work, assurance is given that the results are valid and scien-
tifically defensible. At the data-handling stage, research management must
take steps to preserve the integrity of the results achieved.

This begins with the planning for data collection using formats or
forms which are clear, complete, and designed to limit human errors of entry,
transcription and use. Some examples of data forms in use are illustrated
in the Sections dealing with the various areas of research. Much data is
still entered manually so that these forms should be helpful. Increasingly,
data are collected and organized in automated systems. These systems are
usually designed for a particular purpose in a unique laboratory situation.
The importance of good programming for such a system cannot be over-
emphasized.

The forms for manual data entry may be loose-leaf. However, for both
field and laboratory research programs it is highly desirable that the data
be recorded, at least originally, in bound notebooks. It is good practice
to require strict adherence to the established custom of having the entries
in the notebook signed by the person taking the data and witnessed periodi-
cally, preferably daily, by the supervisor. If the experimenter is the
senior individual in the laboratory it is good practice to have the entries
witnessed by an associate. Although this may appear to be a stricture on
the research task, it is extremely important if the work is later likely to
be subjected to any kind of litigation.

It is desirable to have all records under control (a sort of '"Chain
of custody' of records) which means that notebooks should be numbered,
issued centrally, and returned to a designated repository when filled or at
the end of a project. There should-be written instructions on the retention
period for records and how they shall be filed and stored.

In some very large research projects, responsibility for design, con-
duct, analysis and reporting of the work may be fragmented among sponsors,
contractors, and subcontractors. The problems of maintaining validity and
integrity of data may be amplified under such conditions but it is not the
intent of the Guidelines to address the managerial problems encountered.
Much research is still done by smaller laboratories, or groups of laborator-
ies, or by individual researchers. The responsibility for report prepar-
ation is localized. Formal reports should be required. These reports
should be subjected to review within the laboratory. If the work is to be
published, the major journals require further review by peers in the same
area of research. One of the major requirements of good scientific work is
that it should be verifiable. This requires that all the pertinent data
must be reported and that methodology should be well enough described so
that the experiment could be reconstructed independently.
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SECTION 3
QUALITY ASSURANCE IN BIOLOGICAL RESEARCH

3.1 LABORATORY MANAGEMENT

The character of laboratory management has a strong effect on the qual-
ity of work produced. This is true no matter what kind of laboratory it is.
For groups of closely related laboratories, such as biological research
laboratories, management requirements in various fields of research differ
only in detail. After the general aspects of good management have been dis-
cussed, the details can be covered field by field.

One of the important concepts of statistical quality control is that
the causes of quality problems may be categorized in two ways. One class
of causes is that which is within the ability of the individual worker to
prevent or correct. The second class is that which is within the capability
or authority of management only to handle. Data analysis may be structured
80 as to assist in separating and identifying these two classes of causes of
quality problems.

The first class of causes is called "special" causes; the second class,
""common'' or "environmental" causes. See Bicking and Deming (1971) for a
discussion of the use of this concept in industry. Availability of appro-
priate data for analysis of this type may not yet be characteristic of most
biological research laboratories.

Even before the analysis of data, however, there are certain areas
easily identified as being of concern to management. See Table 3.1.1.

3.1.1 On-site Evaluation/Accreditation

The purposes of on-site evaluation include the use of results as a
management tool for improving performance of the laboratory and, on the
more formal side, for accreditation. Evaluation may be used as a prelude
to including a laboratory in a study program or to employing the laboratory
on a contract basis. In particular instances requiring evaluation, accredi-
tation by a recognized organization is usually accepted as evidence of the
laboratory's capabilities without further evaluation. Accreditation systems
include provisions for periodic renewal of the accreditation status.

The evaluation may be conducted by a peer scientist group using more or
less formalized check lists, or it may involve a sophisticated rating system.
Self-evaluation may be involved, or evaluation by a governmental or independ-
ent authority.
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TABLE 3.1.1 ELEMENTS OF LABORATORY MANAGEMENT AND QUALITY CONTROL

Management Element

Quality Control

Facilities

e Building

» Services

» Equipment
Personnel

e Project director

* Project personnel

e Support personnel
Test subjects/materials
Standard procedures

e Bioassay protocol

e Conduct of experihent

o Observations/test methods
o Good laboratory practices
0 Supervision
0 Quality control

e Audit

Record keeping

Data analysis/reporting

On-site evaluation accredi-
tation

s Certification

e Sampling and testing

e Design review/statistical
consultation

Standard test
Standard procedures

Quality policy
Defined program

e Witnessed log books

e Statistical treatment

The resources for evaluation available to the biological research
community are varied, if not complete. More attention to evaluation has
probably been given in clinical laboratories than in nonclinical (animal
research) laboratories. While much can be learned from experience in eval-
uating clinical laboratories the clinical aspectsare only a small part of
evaluation of biological laboratories in general.

3.1.1.1 General Criteria for Laboratory Evaluation--
General criteria for laboratory evaluation have been promulgated by the

government and by standardization agencies. 1In 1974, OSHA conducted hear-
ings on proposed criteria for laboratory accreditation (OSHA, 1974).
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Subsequently the responsibility for developing criteria was transferred from
the Labor Department to the Commerce Department, and the National Bureau of
Standards developed a plan for centralized administration of laboratory
certification. This was published in the Federal Register of February 25,
1976 (Office of the Secretary of Commerce, 1976). It provides for incorpora-
tibn of existing certification/accreditation programs under a national
umbrella and for the establishment of new programs in uncovered areas of
sclience or technology by the professional societies or other organizations.
It may eventually include a natienal certification program for biological
laboratories (nonclinical laboratories).

The American National Standards Institute (1971) has adopted laboratory
qualification guidelines for use in its certification programs. Also,
Committee E-36 of the American Society for Testing and Materials (1977)
approved a Standard Practice for General Criteria for Use in Evaluation of
Testing and/or Inspection Agencies.

Important evaluation programs in nonclinical laboratories include:

e FDA Good Laboratory Practice Pilot Program, FY77

e American Assocliation for Accreditation of Laboratory
Animal Care Procedure

e EPA Procedure for Evaluating Water Bacteriological
Laboratories, 1975 (plus state programs)

3.1.1.2 FDA Good Laboratory Practice Pilot Program--

FDA investigations had shown evidence of significant quality control
problems in some nonclinical laboratories (FDA, 1976a). Such problems
included, but were not limited to:

e poorly conceived, carelessly executed, inaccurately
analyzed or reported experiments

e lack of awareness on the part of technical personnel
of the importance of protocol adherence

e inaccurate observations, record keeping and record
transcription: _

e failure of management to assure critical review of
data or proper supervision of personnel

e use of poorly qualified or poorly trained personnel
disregard for proper laboratory, animal care, and
data management procedures

e failure to monitor studies performed in whole or in
part by contract laboratories

e lack of verification of the accuracy and completeness
of scientific data:

¢ deliberate falsification of data by management and/
or laboratory personnel
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These findings led to the issuance of the Compliance Program Guidance
Manual (FDA, 1976a) and the Proposed Regulations for Government Laboratory
Practice (FDA, 1976b). The Compliance Program directs a pilot effort of
inspections of nonclinical laboratories. It is designed to ensure the qual-

ity and integrity of the bioresearch data which support the safety of
Agency-regulated products.

The program includes completion of a nonclinical Laboratory Inspection
Report for each laboratory visited and a Test System Study Report for one or
more studies being conducted in the laboratory.

3.1.1.3 Accreditation of Animal Care Laboratories--

Laboratories caring for and using experimental animals may be accredited
by the American Association for Accreditation for Laboratory Animal Care
(AAALAC). AAALAC uses the Guide for the Care and Use of Laboratory Animals,
DHEW Publication No. (NIH) 74-23 (National Research Council, 1972) as its
primary reference for determiningeligibility for accreditation. These
recommendations have been further refined and more rigid or specific stan-
dards applied when necessary for carcinogen bioassay in Guidelines for
Carcinogen Bioassay in Small Rodents (National Cancer Institute, 1976.)
Animal care is discussed in detail in another section.

Facets of the laboratory animal care program which are evaluated by
AAALAC include:

e Laboratory Animal Management

o Housing and care
0 Sanitation practices

o Feeding, watering, and identification of laboratory
animals

o Provisions for emergency care
e Laboratory Animal Quality and Health

Adequate veterinary care

Quarantine and isolation of animals

Separation by species

Diagnosis, treatment, and control of animal diseases

0 00O

e Personnel
o Professional personnel

0 Animal care personnel
o Personal hygiene and personnel health program
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» Use of Laboratory Animals

Monitoring the use and care of animals
Anesthesia and analgesia

Surgery and postsurgical care
Euthanasia

o 00O

Institutions seeking to participate in the accreditation program may
obtain an application from the AAALAC office at 2317 West Jefferson Street,
Joliet, Illinois 60435. A site visit is subsequently made by two repre-
sentatives of the AAALAC Council on Accreditation. Individuals who have
extensive expertise and experience in laboratory animal science are selected
as consultants for the accreditation program. The site visitors make a
complete and thorough review of all aspects of the animal care program
carried out at the institution being evaluated. A detailed report is sub-
mitted to the Council on Accreditation, and after thorough review, recommen-
dations of the Council are forwarded to the Board of Trustees for action.
Following this, a detailed report is sent to the applicant institution out-
lining the decision taken and providing a detailed analysis of the program.
Every effort is made to provide a thorough and comprehensive review of all
programs under evaluation. In essence, the entire program closely follows
the review processes which have been developed by granting agencies for
evaluating the merits of grant applications.

Through the accreditation program, institutions have been able to
document their deficiencies and respond to them. These deficiencies vary,
but in 1973 an analysis of the deficiencies encountered in the AAALAC pro-
gram which were serious enough to warrant not accrediting the institution
was made. Examples of deficiencies listed in the order of prevalence are:

Improper sanitization Inadequate animal surgery
Caging of insufficient size or design and postsurgical care
Improper quarantine and isolation program

program Inadequate storage space
Improper environmental control Inadequate vermin control
Improper sanitary waste disposal program

Personnel deficiencies Overcrowding of animals
Inadequate physical plant conditions Administrative problems
Inadequate control of animal ‘&theases Inadequate illumination
Inadequate personnel health program Inadequate identification
Feeding and watering deficiencies procedures

Inadequate emergency procedures Inadequate euthanasia

practices

Approximately 70% of the institutions that did not gain accreditation
after the first site visit ultimately improved their animal care program to
an accreditable level.
3.1.1.4 Evaluation of Water Bacteriological Laboratories—-

The Municipal Environmental Research Laboratory of EPA, at Cincinnati,
has published a Handbook for Evaluating Water Bacteriological Laboratories
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(U.S. Environmental Protection Agency, 1975). Here again, many of the
sections are applicable to many kinds of laboratories. Of particular
interest are the guidelines, or check lists, which accompany each chapter.

An example, the Guidelines on Laboratory Management, is reproduced in
Figure 3.1.1.

Laboratory Records

Results assembled and available for inspection
Data processed rapidly through laboratory and engineering
sections
Adequate data retention, efficient filing system, and prompt
channeling of report copies
Number of tests per year
MPN Test - Type of sample
Confirmed (+) (-) (Total)
Completed (+) ) (Total)
MF Test - Type of Sample
Direct Count (+)
Verified Count (+)

(Total)
(Total)

~~
11
" N

Personnel

Adequately trained or supervised for bacteriological examination
of water

Personnel involved:
Professional staff (total)
Sub-professional support (total)
Clerical assistance (total)

Reference Material

Copy of Standard Methods (current edition) available in the
laboratory

State or Federal manuals on bacteriological procedures available
for staff use

Scientific journals in water research accessible

Laboratory Facilities

Laboratory room spaced and bench-top area adequate for needs
during peak work periods

Prep room space adequate and located near laboratory

Sufficient cabinet space for media, chemicals, glassware,
and equipment storage

Facilities clean, with adequate lighting and ventilation, and
reasonably free from dust and drafts

(Continued)
Figure 3.1.1 Guidelines on Laboratory Management.
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Office space and equipment available for processing water
examination reports and mailing sample bottles

Laboratory Safety

Personnel and carts permitted mobility without obstructions
that cause accidents

Adequately functioning autoclaves and stills, with periodic
inspection and maintenance

Electrical service conforms to local, state or National
Electrical Codes ‘

All electrical equipment grounded through three-wire system
or separate ground to cold water pipe

Foam-type and carbon dioxide fire extinguishers accessible

Fire exits from laboratory clear at all times

Emergency (deluge) shower accessible and functional

Safety features such as pipet waste jars with disinfectant,
centrifuge shield, splatter guard, and blender covers
employed to avoid bacterial aerosols

Approved practices for handling and disposing of radio-
active chemicals used in special bacteriological
procedures

First aid supplies available and not out-dated

Personnel trained to safely handle steam, flames, chemicals,
pathogens, etc.

Personnel indoctrinated in first aid emergency procedures,
fire control, etc.

Broken glass, sharp needles, etc., properly handled and
disposed of

Figure 3.1.1 Continued.

Other sections of the Handbook contain guidelines on specific labora-
tory activities, as follows:

Sampling and monitoring response
Laboratory apparatus

Glassware, metal utensils and plastic items
Laboratory materials preparation

Culture media specifications

Multiple tube coliform procedures

Membrane filter coliform procedures
Supplementary bacteriological methods
Reports

A number of states conduct laboratory certification programs:

e Connecticut State Department of Health, Laboratory
Standards Section, approves water laboratories

e New York State Department of Health, Division of
Laboratories and Research Programs, approves
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laboratories analyzing potable water

e North Carolina State Department of Natural and
Economic Resources cdertifies air and water
analytical laboratories

e Oklahoma State Water Resources Board certifies
water and wastewater laboratories.

e California State Department of Health, Water
Resources Board licenses water laboratories

3.1.1.5 Accreditation of Industrial Hygiene Laboratories—-

The American Industrial Hygiene Association in association with the
Health Physics Society accredits laboratories based on criteria under the
following headings:

Laboratory direction
Laboratory supervision
Laboratory personnel
Proficiency testing

Quality control and equipment
Facilities

Records

The proficiency testing is carried out by NIOSH under their PAT
(Proficiency Analytical Testing) Program. Satisfactory performance is
based on a statistical estimation of whether the results obtained are
probably representative of analytical competence.

Quality Control procedures considered essential include:

e Routinely introduced samples of known content
along with samples submitted for analysis

¢ Routine checking, calibrating and maintaining
adequate performance of equipment and instruments
Routine checking of procedures and reagents

e Good housekeeping, cleanliness, and general
orderliness of premises

3.1.1.6 Programs of Clinical Laboratories--

In the clinical laboratory area, The College of American Pathologists
conducts a Laboratory Inspection and Accreditation program that has many
interesting aspects. Each laboratory seeking accreditation must be enrolled
in the CAP Proficiency Testing Program (Surveys). Accreditation is renew-
able every two years. A computer-processed check list is provided for self-
evaluation in the interim year. Other services offered by CAP include a
Quality Assurance Service, computerized tabulations, plots, and analyses of
a laboratory's daily quality control data; a Proficiency Evaluation Program
(PEP) with self-evaluation testing kits for physicians; and a Product
Evaluation Program for suppliers of laboratory products.
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The Center for Disease Control conducts a laboratory licensing program
under the Public Health Service Act as amended in 42 USC 20 et seq. Partic-
ipation in a proficiency testing program is required of all laboratories
covered under the act. See Center for Disease Control, 1975 for a descrip-
tion of the proficiency testing program. All laboratories having acceptable

results in the program are classed as "licensed" laboratories. The follow-
ing areas of testing are covered:

Microbiology and serology
Clinical chemistry
Hematology
Immunohematology
Radiobioassay

In December 1973, the Technical Analysis Division of the Institute for
Applied Technology at the National Bureau of Standards published a study of
results of the CDC Proficiency Testing Program (National Bureau of Standards,

1973). This 1is an interesting assessment of the value of proficiency test-
ing.

3.1.1.7 sSignificance of On-site Evaluations--

Acceptable ratings as a result of on-site evaluation usually infer
capability of the laboratory for doing a satisfactory job. The rating it-
self, or even resulting certificdt{on or accreditativn, does not necessarily.
mean that performance by the laboratory will be everything that could be
desired. That is the reason why most programs for laboratory evaluation
add a requirement for testing of split samples (proficiency testing).
Successful identification of samples in a collaborative proficiency testing
system increases the confidence that can be placed in a laboratory's work.

Some of the evaluation systems described are administration rather than
operation oriented. For example, the FDA system is keyed to the Proposed
Regulations for Good Laboratory Practices. Although casually referred to
as GLP's, these are regulations only and do not contain explicit procedures
for conduct of experiments or making of observations or tests. The NCI
Guidelines (NCI, 1976) on which most animal research laboratory evaluation
is based are looked upon properly as guidelines and not standards. The EPA
procedures for monitoring laboratories and for water bacteriological labo-
ratories are much more explicit as to equipment requirements, test methods,
and operating procedures. Before the quality of a laboratory's results can
be improved, much more direction must be given to it in the form of material
specifications, standard test methods, good techniques of experiment design,
standard operating procedures and quality control techniques. It is identi-
fication of and characterization of the effectiveness of such specific

operating procedures that really makes on-site evaluation significant in
improving laboratory operationms. -

3.1.2 Laboratory Personnel

The study director and principal personnel to be associated with a
study should be identified prior to the start. This provides an opportunity
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for review of appropriateness of the staff. Obviously, the study director
should be an expert in the area of the study. He, or other personnel in

supervisory positions should be well qualified by academic training and
experience. The specific qualifications should be spelled out in job de-
scriptions. Where experience is lacking, in-house training, perhaps on a
continuous basis, is desirable.

For some disciplines involved in biological research, certification
programs are available. For example, veterinarians who are needed to con-
duct broad~based laboratory animal preventive medicine programs are certi-
fied by the American College of Laboratory Animal Medicine. This program
would include screening representative numbers of animals, microbiologically
and virologically, gross and microscopic evaluation of necropsy specimens,
and other tests. Depending upon the animal species, one or more of the
above should be accomplished as often as necessary to ensure that only ani-
mals of the required quality are placed on experiments.

Quality assurance also includes staffing animal care facilities with
properly trained personnel. The American Association for Laboratory Animal
Science has established national testing standards and there are three skill
levels currently recognized. Training programs may be geared to certifying
technicians under this program.

3.1.3 Biological Sampling and Testing

3.1.3.1 Biological Tests

Some of the common techniques of analysis in biological research, with
particular reference to the water environment, are given in Table 3.1.2.

These techniques are described briefly as follows:

* Count and identification - A useful test to determine overall
the health of species in an ecosystem by providing data on
standing crop and community structure

* Weight/length - The growth rate of a community is determined
and compared to previous studies to indicate a change in
environmental quality

* Flesh tainting - A test of palatability to determine if
sublethal chemical doses have imparted an unpleasant taste
to fish or shellfish flesh

e Acetylcholinesterase ~ An indirect test of the previous
effect of organophosphate pesticides on the central nervous
system of fish in a water system

e Tissue analysis - A qualitative or quantitative test of
concentration of histological effects of various materials
including metals and pesticides in flesh

e Stomach contents - An analysis of this will indicate the
type and amount of feeding done by an organism prior to
collection

e Wet, dry and ashfree weight - These tests are used to make
quantitative tests of the standing crop of a population
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TABLE 3.1.2 PARAMETERS OF BIOLOGICAL COMMUNITIES

MOST COMMONLY ANALYZED

(U.s. EPA, 1976)

Community Parameter Units
Plankton Counts Numbers/ml by genus and/or
species
Chlorophyll a ng/m3
Biomass (ash-free, mg/m3
dry weight)
Periphyton Counts Number /mm?2
. Chlorophyll a ng/m?
Biomass (ash-free
weight) mg/m?
Autotrophic index Ash-free weight (mg/m?)
Chlorophyll a (mg/m¢)
Macrophyton Areal coverage Maps by speclies and species
associations
Biomass (ash~-free
weight) g/m?
Macroinvertebrate Counts Grab - number/m?
Substrate - number/sampler
Biomass g/m?
Toxic substances mg/kg
Fish Toxic substances mg/kg

Counts

Biomass (wet weight)

Condition

Number/unit of effort, expressed
as per shocker hour or per 100
feet of a 24-hour net set

Same as cognts

_ 10° x weight in grams

K(TL) = L° (length in mm)

* Chlorophyll a - An estimate of the algal biomass is obtained
which roughly indicates the standing crop

¢ ATP determinations - ATP tests measure the total viable
plankton biomass

» Diatom species proportional count - This test indicates the
health of a diatom community by comparing the results
through the use of a diversity index

3.1.3.2 Sample Preservation and Handling--

Sample preservation is distinctive for each area of biological research
and for each parameter to be measured. When a chemical preservative 1is used,
extreme agitation may be necessary to disperse the chemical preservative
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throughout the sample. If the preservative cannot be dispersed, refriger-
ation or freezing may be an appropriate alternative.

Various preservatives exist to maintain species in the desired condi-
tion. Advantages and disadvantages of various preservatives are given in
Table 3.1.3.

Preservation and handling procedures are given in Table 3.1.4 for:

Benthic Macroinvertebrates
Fish ;
Macrophytes and Macroalgae
Periphyton

Periplankton

Zooplankton

3.1.4 Preparation of Study Protocols
A general outline for a bioassay protocol is as follows:

Purpose of study
Design of experiment
Conduct of experiment
Observations and tests
Records and reports

3.1.4.1 Purpose of Study--

There should be a brief, direct statement of the purposes of the study.
For example, the purpose of a chronic feeding study using rats might be:

e Effects of test material on the reproduction
process in rats

Fertility

Maintenance of offspring
Postpartum effect
Weaning period

0 00O

e Chronic toxicity of test materials

e Carcinogenesis due to exposure during organogenesis,
fetal development, location, and throughout 1life.
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TABLE 3.1.3 COMPARISON OF CHEMICAL PRESERVATIVES

FOR BIOLOGICAL PARAMETERS

(SLACK ET AL., 1973; U.S. EPA, 1976)

Chemical

Advantage Disadvantage

General Preservation

1. Formalin
(5-10% for-
maldehyde)

2. 70% ethanol

3. 40% 1isopropanol

4. Oxyquinoline (2%
solution) (8-hydroxy-
quinoline sulfate)

5. Merthiolate
solution

6. Glycerin (added
with 1, 2 or 3)

7. Copper sulfate

8. Detergent

Stains

9. Lugols's solution

Kills species;
infinite holding
period

Objectionable odor,
can cause contraction
or deflaggelation

Needs neutralization
w/sodium tetraborate

Can cause contractual
reaction

Safer and easier for
analyst to use; same
advantages as formalin

Can cause contractual
reaction

Safer and easier for
analyst to use; can
be added as solid
in premeasured pack-
ets; same advantages
as formalin

Morphology and color
of algae are retained;
distinguish between
zoo- and phytoplankton

Does not produce a
sterile sample

Prevents tissues
from drying

Retains bluegreen
color of algae

Stains other material;
also toxic

Lowers surface tension
to prevent clumping
or clinging to con-~
tainer walls

Stains algae; aids
settling by releasing
gases

Samples stable only
one year
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TABLE 3.1.4 RECOMMENDED PRESERVATION AND HANDLING METHODS (U.S. EPA, 1976)

Item

Preservation Method

Holding Time

Container

BENTHIC MACROINVERTEBRATES

Count/identification
Wet and dry weight

Ash-free weight

Calorimetry

Radio-tracer studies

Flesh tainting

Tissue analysis
FISH

Count/identification

Weight/length

Flesh tainting

Acetylcholinesterase

70Z ethyl alcohol
Refrigerate at 4°C or ice

Filter and refrigerate at
4°C

Refrigerate at 4°C or ice.
Once filtered, store in
desiccator

Freeze

Freeze

Freeze

10%Z Formalin, add 3 g borax
and 50 ml glycerin per liter%*

None - analyze immediately

Clean, then freeze

Freeze

1 year
Immediate to 24 hours

6 months

Immediate to 24 hours

1 year
Indefinite

Indefinite

Indefinite (1 year;
sooner is better)

None

Indefinite

Indefinite

Glass or plastic
Glass or plastic

Glass or plastic

Glass or plastic

Glass or plastic
Glass or plastic

Glass or Plastic

Borosilicate glass
or polyethylene

None

Borosilicate glass
or polyethylene

Aluminum foil

Aluminum foil

(continued)
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TABLE 3.1.4 (Continued)

Item

Preservation Method

‘Holding Time

Container

Tissue analysis

Stomach contents

—

Freeze

Remove stomach from fish
and preserve in 10%
Formalin (as for count/
identification)

" MACROPHYTES AND MACROALGAE

Count/identification
Wet and dry.weigh£
Ash-free weight

Chlorophyll a

PERIPHYTON

Count/identification

‘ ~

biatom species pro-
portional count

Wet and dry weight

Ash-free weight

5% Formalin
Refrigerate at 4°C or ice
Freeze

Freeze at -20°C

57 neutral Formalin
5% neutral Formalin
Refrigerate at 4°C or ice

(do not freeze) '

Freeze at -20°C

Indefinite

Indefinite (1 year,
prefer sooner)

1 year
Immediate to 24 hours
6 months

1 month (keep out of
light; acid)

6 months

6 months to indefinite

Immediate to 24 hours

6 months

Borosilicate glass
or polyethylene
Aluminum foil

Glass or plastic

Glass or plastic
Glass or plastic
Glass or plastic

Glass or plastic

Opaque glass or
plastic

Glass or plastic

Glass or .plastic

Glass or plastic

(continued)
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TABLE 3.1.4 (Continued)

Item

Preservation Method

Holding Time

Container

Chlorophyll deter-
mination

ATP determination

PHYTOPLANKTON

Count/identification

Wet and dry weight

Ash-free weight

Chlorophyll a

Diatom species
proportional count

Calorimetry

ATP determination

Immediate extraction in
90%Z aqueous acetone;
store at -20°C

Extract by boiling with
Tris Buffer; store
extract at -20°C

a. 5% neutral pormalin
b. Merthiolate

Refrigerate at 4°C or ice
(do not freeze)

Filter and freeze at
-20°C

Extract immediately or
filter and freeze in desic-
cator at -20°C

5Z Formalin

Refrigerate at 4°C or ice;
once filtered, store in
desiccator

Extract by boiling with-Tris
Buffer, freeze extract at
-20°C

1 month (keep out
of light and acid)

6 months

a. Indefinite
b. 1 year

Immediate to 24
hours ’

6 months

1 month (keep out of
light and acid)

6 months to indefinitc

Immediate to 24 hours

6 ‘months

Glass or plastic

Glass or plastic

Opaque. glass or
plastic
Glass or plastic

Glass or plastic

Glass or plastic

Opaque glass or
plastic

Glass or plastic

Glass or plastic

(continued)
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TABLE 3.1.4 (Continued)

Item Preservation Method Holding Time Container
ZOOPLANKTON
Count/identification 5% Formalin or Lugol's solu~ 1 year Glass or plastic

Wet and dry weight

Calorimetry

ATP determination

tion plus 50% glycerin, or
70% ethanol plus 50% glycerin

Refrigerate at 4°C or ice
(do not freeze)

Refrigerate at 4°C or ice
(do not freeze); once fil-
tered, store in desiccator

Immediately extract by boiling
with Tris Buffer; store
extract at -20°C

Immediate to 24
hours

Immediate to 24
hours

6 months

Glass or plastic

Glass or plastic

Glass or plastic

* Replace solution with alcohol after 1 week.



3.1.4.2 Design of Experiment--
This section should contain:

Identification of the biological subject
Identification of the test material

Route of administration of test material

A table giving groups, group sizes and dose levels
Information on how dose levels were selected
Exposure schedules and duration of test

Special instructions for administration of doses
Description of controls

Description of special test equipment

Special instructions necessary to complete the plan
of work

The test subject should have been selected with all the criteria for
appropriate test species in mind. The test material will have been selected
for some particular purpose or with accepted rules for prioritization in
mind.

The animal species, the nature of the test material, the milieu of the
experiment and the purposes of the experiment all have a bearing on the
route of administration of the test material. A feeding study, for example,
usually implies incorporation of the test material in the diet. A problem
arises if the material is highly volatile or is a gas. It is unlikely that
large quantities of these materials would remain incorporated in the feed
and be ingested. It is possible to administer gases orally through use of a
carrier, such as water or corn oil, in which the material is soluble, and to
incorporate that into the diet. Alternatively, microencapsulation could be
used, if a nontoxic material through which the gas is not diffusable could
be found. Intubation, or gavage, of the gas and the carrier is also a possi-
bility. As a quality control procedure, fresh solutions would have to be
prepared frequently in intubation studies.

Soluble materials can be administered in the drinking water. If vola-
tile, a closed system of glass and stainless steel is required and rubber
washers, etc., must be avoided. Analytical chemical analysis will be re-
quired to verify that the stock solutions are fresh. To ensure integrity of
the closed system, water should be supplied from glass bottles with plastic
screw caps fitted with stainless steel siphon tubes containing stainless
steel balls.

Inhalation routes, skin or eye applications, aquatic experiments, in
the laboratory or in the field, plant experiments, and so on, all require
careful description of the route of administration in the Design of Experi-
ment Section. Procedures for quality control of administration of the test
substance should be included in the Conduct of Experiment section of every
protocol. More detail will be found in Sections dealing with different
kinds of bioassays.
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The table of groups, group sizes and dosage levels may take the form
shown below for a chronic mouse feeding study:

No. of Animals

Group No. Male Female Dose Levels*
1 50 50 Control
2 50 50 Low (1/8 MTID)
3 50 50 Medium low (1/4 MTD)
4 50 50 Medium (1/2 MTD)
5 50 50 Medium high (3/4 MID)
6 50 50 High (MTD)

* Active material

* Control - no—treatment diet
e Maximum tolerated dose (MID) calculated from available subacute
or subchronic data
e Test material will be incorporated in the diet over a 24-month period
e Feed and water will be offered ad 1libitum

The number of groups, the number of animals per group, the scale sel-
ected for dose levels and the proposed method of data analysis are all
proper subjects for review by a statistician at the Experiment Design stage.
As a matter of good practice, it is desirable to have the statistician's
signature on the protocol to indicate that the design is adequate.

The statistical design of experiments has been described in Section 2.2
of the Quality Assurance Guidelines. As an illustration of the criticality
of number of animals per group, the following tabulation gives an example of
how number is influenced by the expected frequency of finding of an effect
in the control group. The number of animals per group required to show a
15% difference between the control and a treated group with 95% probability
is:

Percent Animals Affected

Group Size
Control Treatment Group Required
0 15 36
10 25 66
20 35 85

Note that the statistician's interest is in the magnitude of the diff-
erence it is desired to detect, the acceptable level of significance of
that difference, and sufficient history of the use of the assay procedure
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(including the particular test subject) to determine the expected frequency
of the occurrence of an effect in the control.

Quality control over the design of experiment processes is exercised
through a review which may be by a peer committee from the study director's
lab or it may involve outside consultation. The approval system should in-
clude signing of the written protocol before start of work by the study
director and the head of the laboratory, and by a statistician.

3.1.4.3 Conduct of Experiment--

In this section of the protocol, each procedure for conduct of experi-
ment should be spelled out in sufficient detail that there can be no mistake
regarding the details of day-to-day operations of the laboratory. In these
Quality Assurance Guidelines, we recommend that the operational steps and
the quality control activities be laid out in parallel columns or otherwise
highlighted in assoclation with each other. The first example given here
1llustrates the parallel column arrangement. The other examples illustrate
a different, and more space-saving format.

EXAMPLE 1: CHRONIC MOUSE FEEDING STUDY
Quarantine

+ Quarantine all animals upon receipt.
QUALITY CONTROL -- Hold in quarantine for 1 week.

Animal ldentification, Randomization, and Housing

» Assign to study group following quarantine.
QUALITY CONTROL -- Use randomization procedure (see Section 2.7)

e« Prior to study initiation, all animals will be weighed and appropriate
adjustments made to achieve an equivalent mean body weight value between
the groups.

- ldentify by cage, group, and individually.
QUALITY CONTROL -- Use ear tags and durable cage markers.

« A1l animals will be housed by sex and dosage, five per cage.
QUALITY CONTROL -- Follow NCI Guidelines for cage space per animal.

Test and Control Materials

QUALITY CONTROL -- Conduct stability tests; return samples to sponsor for
analysis, if requested.

Feed

e The basic diet will consist of a commercial rodent ration.
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The diet will be analyzed for the parameters listed below:
Polychlorinated biphenyls and chlorinated hydrocarbons
Antibiotics
Lead, arsenic, mercury
Estrogen
Aflatoxins
Nutritional content

QUALITY CONTROL -- The frequency of these analyses is to be determined by
the sponsor.

The test material will be incorporated into the basal diet on a weight/

weight basis and thoroughly mixed in a twin-shell blender to provide the
appropriate diet level for each group.

QUALITY CONTROL -- The uniformity and concentration of the test material
in the feed will be demonstrated prior to administration.

Fresh batches of the diet will be prepared weekly.
QUALITY CONTROL -- Samples will be taken and tested from each batch of
feed.

Water

Offer ad 1ibitum.
QUALITY CONTROL -- Sample on a quarterly basis and analyze for heavy
metals and coliforms.

EXAMPLE 2. PRIMAL DERMAL IRRITATION STUDY IN RATS
(I1lustration of special procedures only)

Preparation of Treatment

The hair will be clipped from the backs, and on one side a 1-inch square
will be abraded by making minor incisions through the stratum corneum,
but not deep enough to disturb the derma (that is, not sufficiently deep
to produce bleeding).

QUALITY CONTROL -- Observe for bleeding.

Treatment will be applied with animals immobilized in an animal holder.
The entire trunk will be wrapped with a rubber dam or Saran wrap for 24
hours.

QUALITY CONTROL -- Follow plan in design of experiment.

EXAMPLE 3. CHRONIC INHALATION STUDY IN RATS
(I1lustration of special procedures only)

Generation of Atmospheres

Generate atmospheres by method appropriate to the test material. For
volatile liquids, generate high concentrations by passing compressed air
through the liquids at constant rates. Reduce to dilution with filtered
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warm air drawn through the chambers which operate under negative pressure.
QUALITY CONTROL -- Monitor continuously prior to exposure of animals.
Calibrate the monitoring equipment (such as hydrocarbon analyzer) with
the substance being tested. The range of calibration points will encom-
pass the selected dosage levels.

QUALITY CONTROL -- Aliquots of the test substance will be introduced into
large gas sampling bottles of known volume. After vapor concentration
reaches equilibrium the aliquot will be introduced into the analyzer.

Analyzer should be equipped with 10-point automatically timed solenoid
system: 1-8, Level of substance in eight chambers; 9, Room atmosphere;
10, Combined stack effluent.

QUALITY CONTROL -- Sample four times each day for 10 minutes per sampling
point. Adjust flow as required.

EXAMPLE 4. IN VITRO TRANSFORMATION OF BALB/3T3 CELLS

Seeding

QUALITY CONTROL -- The vehicle for the test chemical is used in the nega-
tive control piates.

Approximately 10,000 cells are seeded into a 60-mm plastic plate and incu
bated 24 hours to firmly attach the cells. This plate will be used to
assess transformation. Simultaneously with seeding, separate plates will
be seeded at 200 cells per plate to obtain toxicity determinations.

Dosing

The positive control and four doses of test chemicals are added to the
transformation and toxicity plates. Treatment with the test chemicals
will consist of exposing the cells in an airtight enclosed chamber to
either vapors or a gaseous state of the test materials. Various dose
levels will be achieved by varying the length of exposure to a fixed
level of the vapors or gas. Treatment will be terminated by removing the
plates from the chamber and replacing the media with fresh growth media.

Incubation

Following treatment, the cells will be incubated for 3 to 4 weeks before
they are scored for transformed foci. The toxicity plates will be scored
after only 1 week. During the incubation periods, growth media will be
changed twice weekly. :

3.1.4.4 Observations and Tests--~

All observations and tests required should be described fully in this

section of the protocol. Quality control procedures should be identified.
Detail will vary sharply from one type of bioassay to another. Typical
examples are given below.
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EXAMPLE 1. TERATOGENICITY STUDY IN RABBITS

Observations and Tests

Weekly records will be made on individual female parents with respect to
body weight (day 0, 6, 12, 18, 29), appearance, behavior, and survival.

At termination, brain, liver, and kidney weights, and the calculation of
l1iver/brain weight ratfos will be done on all adult females in each
group. The following observations will be recorded on does killed at
termination and on their progeny:

Number and placement of uterine sites

Number and placement of 1ive, dead, and resorbed fetuses

Number of corpora lutea

Fetal weight and length (crown to rump)

External fetal anatomy

Any gross abnormalities

Gross necropsy evaluation on all fetuses, pups, and does.

A1l fetuses and pups will be cleared and stained with Alizarin Red S for
evaluation of skeletal effect. The reproductive organs of the female
parents will be preserved in 10% neutral formalin and held for possible
future histologic evaluation.

QUALITY CONTROL -- A1l data will be evaluated statistically.

EXAMPLE 2. PRIMARY DERMAL IRRITATION STUDY IN RABBITS

Observations and Tests

After 24 hours of exposure, the patches will be removed and the resulting
reactions will be evaluated on the basis of scores indicated in the
following table:

EVALUATION OF SKIN REACTIONS
I. Erythema and Eschar Formation

No erythema

Very slight erythema (barely perceptible)

Well-defined erythema

Moderate to severe erythema

Severe erythema (beet redness) to slight eschar forma-
tion (injuries in depth)

& Total possible erythema score

LW~ O
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I1. Edema Formation

No edema

Very slight edema (barely perceptible)

Slight edema (edges of area well defined by definite
raising)

Moderate edema (raised approximately 1 mm)

Severe edema (raised more than 1 mm and extending
beyond area of exposure)

Total possible edema score

H»w N—O

Readings will be made again at the end of 72 hours. The reading on each
rabbit will be recorded.

EXAMPLE 3. PATHOLOGICAL PROCEDURES

In chronic studies, whole-animal test pathological procedures are re-

quired and these can be standard. A proposed standard for pathological pro-
cedures is as follows:

Personnel

A board-certified veterinary pathologist with experience in laboratory
animal pathology will be responsible for all pathology procedures,
evaluations, and reporting. Histology technician(s) will be supervised
by an HT/ASCP certified technician. Personnel trained and experienced

in laboratory animal dissection to recognize gross abnormalities will be
prosectors. Qualified personnel will be available for weekend coverage
to necropsy dead or moribund animals, or to refrigerate them for necropsy
at the earliest possible time.

Facilities

Refrigeration is available for holding dead animals until necropsy.
Animals will not be frozen. The histology laboratory is separated from
the necropsy area and is equipped with automatic tissue processors,
microtomes, embedding and stirring equipment, and supplies.

Adequate storage facilities are available to store and file histologic
511335. tissue blocks, and wet tissues for the duration of the contract.
This facility is vermin proof and temperature controlled. The area pro-
vided for trimming of fixed tissues has adequate ventilation and exhaust
hoods for removal of formaldehyde fumes.

Gross Necropsy

A blood smear will be taken from all animals at the time of necropsy.
Whether this smear ultimately will be read or not will depend on the
observations made during gross necropsy or histopathologic review. There-
fore, all smears will be fixed and retained for possible future use.
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A complete gross necropsy is defined as an examination and harvest of all
of the following tissues:

Gross lesions and tissue masses.. ITeum
(and regional lymph nodes, if Colon
possible) Cecum

Skin Rectum

Mandibular 1ymph node
Mammary gland

Mesenteric 1ymph node
Liver

Salivary gland Pancreas

Thigh muscle Spleen

Sciatic nerve Kidneys

Sternebrae, vertebrae or femur, Adrenal glands
including marrow Bladder

Costochondrial junction, rib Seminal vesicles

Thymus Prostate

Larynx Testes

Trachea Ovaries

Lungs and bronchi Uterus

Heart Nasal cavity *

Thyroid Brain

Parathyroids Pituitary
Esophagus Spinal cord

Duodenum Eyes *

Jejunum

* Always examined; harvested only when lesions are present.

A11 animals that die or are killed will receive a complete gross necropsy
(unless cannibalism or autolysis preclude all or part of the examination).

The gross dissection and evaluation will be performed by or under the
direct supervision of the pathologist(s).

Peripheral blood smears from the heart, tail, or toe will be prepared for
animals in those cases where neoplasia of the lymphoid system or of the
bone marrow is suspected (as evidenced by an enlarged spleen, liver or
1ymph node, or by a watery appearance to the blood, indicating an anemic
condition). Smears will be air-dried, then fixed in absolute methanol
within 24 hours. Touch preparations will be prepared from any enlarged
spleen. If lymphoid organs other than the spleen are enlarged, then a
touch preparation will be made from those affected organs. Smears will
not be stained unless requested by the pathologist.

A11 tissues and/or organs will be examined in situ, then dissected from

the carcass, re-examined and fixed in 10% neutral buffered Formalin.

Lungs of mice and rats will be fixed in their entirety after opening and
examining the trachea and main-stem bronchi. The calvarium will be re-
moved and the dorsal nasal bone removed for examination of nasal turbinates.
The entire skull will be fixed with the brain in situ. Other tissues will
be fixed at a thickness not exceeding 0.5 cm.
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o Urinary bladders will be opened and examined before fixation. Contracted,
empty bladders may be partially distended with Formalin before opening to
reveal small lesions that may be obscured by epithelial folds. One
kidney will be longitydinally bisected, the other.kidney will be tran-
sected and examined before fixation.

« The entire mucosal surfaces of the esophagus, stomach, small and large
intestine and rectum will be opened and examined before fixation. If the
gastrointestinal tract can be visualized, it will not be opened.

+ Representative portion(s) of large tissue masses (including surrounding
unaffected tissues) will be fixed. Small masses (including surround-
ing unaffected tissues) will be fixed. Very small masses will be fixed
in their entirety. A1l gross lesions will be recorded in narrative,
descriptive terms to include location, size, number, shape, color and
texture. Several thoracolumbar vertebrae will be fixed with the spinal
cord in situ. Carcasses of animals will be discarded following necropsy.

Trimming of Fixed Tissue

o Tissue fixation time will be no less than 48 hours or no more than 12
weeks. Tissue trimming will be performed by or under the supervision of
the pathologist(s) with the gross necropsy descriptions available. Tis-
sues will be trimmed to a maximal thickness of 0.3 cm for processing.

e« Multiple portions of tumors or masses will be submitted if large or
variable in appearance, and surrounding normal tissue will be included.
Parenchymal organs, e.g., liver, will be trimmed to allow the largest
surface area possible for examination. One longitudinal and one trans-
verse section through the entire cortex and medulla of each kidney will
be submitted. Entire coronal sections of both right and left lungs, in-
cluding main-stem bronchi, will be submitted for mice and rats; the por-
tion best representing the lesion or a portion thereof will also be
taken. A parasagittal section of brain will include: (a) frontal cortex
and basal ganglia, (b) parietal cortex and thalamus, and (c) cerebellum
and pons.

« Hollow organs will be trimmed and blocked to allow a cross-section slide
from mucosa to serosa. Small (less than 0.3 cm) endocrine organs, lymph
nodes and tissue masses will be submitted intact.

Histologic Technique

o Paraffin sections will be cut at 4-6 micrometers and stained with hema-
toxylin and eosin. Blood smears will be air dried at necropsy, then
fixed in absolute methanol for 5 minutes. Smears will be stained with
Wright's, Giemsa or Romandvsky stain when requested.

Histopathologic Examinations

« Histopathologic examinations will be performed on: 1) all vehicle or
negative control animals in the chronic study; and 2) all test group
animals in the chronic study.
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Complete histopathologic examination is defined as examination of the
following:

Gross lesions and tissue Seminal vesicles

masses (and regional Testes

1ymph nodes, if possible) Ovaries

Blood smear (as required Uterus

by the pathologist) Brain (three sections including
Mandibular lymph node frontal cortex and basal ganglia
Mammary gland cortex and thalamus; and cere-
Salivary gland bellum and pons)
Sternebrae, femur or Thymus

vertebrae, including Trachea

marrow Lungs and main-stem bronchi
Thyroid Heart

Parathyroid Pancreas

Esophagus Spleen

Stomach Kidneys

Small intestine (one Adrenal glands

section) Urinary bladder

Colon Pituitary

Liver Spinal cord (if neurological signs
Gallbladder are present)

Prostate Eyes (if grossly abnormal)

Tissues will be blocked in a systematic manner to enhance efficiency in
histopathologic examinations. A1l pathologic diagnoses will be made or
confirmed by the pathologist(s).

Submission of Pathology Results (Individual Animal Data Record Form)

Histopathologic diagnoses of all lesions will be entered under Organ and
Diagnosis. Primary versus metastatic tumors, e.g., liver hepatocellular
carcinoma; and lung, hepatocellular carcinoma (metastatic) will be indi-
cated.

Descriptive narratives of gross necropsy findings will be provided for
all animals. The number as well as description of tissue masses will be
included. If they are confluent or too numerous to count (TNTC), this
will be noted.

Residual Material

A11 blocks, wet tissues, and slides of chronic animals (test, vehicle
control, and untreated control) will be retained in a vermin-proof, tem-
perature-controlled area until termination of the bioassay investigation.
At completion of the program, these residual materials will be organized,
packed, marked, and shipped to the sponsor. Clearance to ship will be
requested before any action is taken to ship.

Wet tissues (residue from harvested tissues, not carcasses) will be
stored in two sealed plastic bags one inside the other and organized by
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histology numbers. A permanent ink label will be placed between the two
bags showing the name of the contractor and the histology number. Once
the bags are organized, they will be packed in 350 1b-test double-wall-
cardboard boxes and marked on one end to show:

Name of contractor

Contract number

Chemical number

Animal group number(s)
Histology numbers in that box.

These boxes will be sealed shut with shipping tape, bound with filament
tape, and shipped to the sponsor upon receipt of clearance to do so.

Blocks will be resealed with paraffin, organized by histology number, and
labeled or permanently marked with the name of the contractor and the
histology number. When histopathology is complete and the residual
material is to be prepared for shipment to the sponsor, blocks will be
placed into single-wall cardboard boxes the size of approximately 80 .
blocks and then these smaller boxes placed into 350 1b-test double-wall
cardboard containers approximately 16" x 18" x 7-1/2". Boxes will be
marked on one end to show the information indicated in the above. Ship-
ping cartons will be sealed with pressure tape and bound with filament
tape for shipment.

Slides will be organized by histology number. They will be placed in
metal slide cabinets. Each metal slide cabinet will be marked to show
the range of histology numbers and the name of the contractor. These
cabinets will contain a 1ist identifying the name of the contractor, the
number of slides, and the cross-reference information,i.e., animal
numbers, histology numbers, and chemical numbers, which will allow com-
plete identification of the contents.

A master log of histology number assignments will be provided to the
sponsor along with the first shipment of slides. Since this log may not
be complete when the first shipment of slides is made, updated versions
of the log will be provided.

Pathologic Material to be Retained by the Contractor Until Termination and

Final Reporting of Study

A11 wet tissues will be stored in plastic bags, sealed, clearly and per-
manently labeled and retained in a vermin-proof area. A1l histologic
slides and paraffin blocks will be sealed with paraffin.

The grouping of mouse tissues on the microslides will be as follows:
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Slide 1:
Slide 2:

Slide 3:
Slide 4:

Slide 5:

Slide 6:

Slide 7:

Slide 9:

Brain (2); Pituitary: Thyroid/Parathyroid/Trachea/Esophagus

Heart; Kidney (2); Adrenal glands (2); Liver with gallbladder
(2); Thymus; Spleen; Pancreas

Lung and main-stem bronchi

Stomach; Small intestine (2); Large intestine (2); Urinary
bladder

Testes/Epididymis/Seminal vesicles (2)/Ovary (2); Prostate/
Uterus; Salivary gland with mandibular lymph node; Mammary
gland; Skin

Bone; Bone marrow; Spinal cord (if neurological signs are
present)

Tissue masses (suspect tumors)

Multiple sections of skin

Slide 10: Blood smear (or eye, if abnormal)
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3.2 FIELD RESEARCH

3.2.1 Field Sampling

A general requirement for satisfactory sampling is valid and representa-
tive samples (McFarren, 1974).

A formal sampling plan includes:

e the selection of sampling site (Section 3.2.1.1)
e the frequency of sampling (Section 3.2.1.2)
¢ the calibration and maintenance of sampling equipment
(Section 3.2.1.3)
sample preservation (Section 3.2.1.4)
e the selection of sampling methods (Section 3.2.3)

3.2.1.1 Selection of Sampling Site—-

The selection of the sampling site is the beginning, inevitable task of
any field biologist. There is limited, scattered information on selection
of sampling sites in field biology literature. The following criteria should
be taken into consideration when selecting the sampling site:

e familiarity with historical data including biological, chemicsl,
and physical nature of the site
good definition of the study objective
degree of accessibility

e whether or not the stands (or stations) appear to be
representative

e availability of satisfactory adjacent stands, since it is con-
venient to establish more that one station at each field locality
(Davis and Gray, 1966)

e organism-specific: For fish, sample in the obscure and unlikely
areas as well as at obvious locations; sample all depths, not
just surface and bottom. For other organisms, sample to suit
the special requirements

¢ habitat-specific: In rivers, one sample upstream and another
downstream from the pollution source. In lakes, reservoirs, and
other standing-water bodies where the zones of pollution may be
arranged concentrically, locate stations in an area adjacent to
the waste outfall and in an unaffected area

e for aquatic vegetation: Three criteria are applied in the deci-
sion to include or reject a particular side (Auclair et. al.,
1976). They are:

o Following an initial survey prescribe samples in proportion
to the area covered in each existing emergent vegetation type

o Sample at different water depths

o At least one emergent species has to be present

e In benthic studies, station positions must be stratified to
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reflect both natural abiotic environmental gradients and pollu-
tional gradients.

"Criteria for 1ocating stations must receive more attention. Preliminary
cruises should be designed simply to determine the position of future stationms.

Justifications for sampling grids should be included in all research reports"
(Swartz, 1976).

Weber (1973) gave some suggestions on selecting sampling sites for plank-
ton studies with regard to pollution. First of all, it was suggested that
sampling be widespread to define the quantity and nature of all plankton in
the body of water in long-term studies. In short-term studies, sampling
sites might be more restricted because of limitations in time and manpower.
Secondly, it was recommended to locate the sites upstream and downstream from
a suspected pollution source in a small stream or river and to locate sampling
sites in lakes, reservolrs, estuaries, and the oceans in grid networks or
along longitudinal transects. Thirdly, if pollutants are discharged from
various sources, locate sampling sites in such a manner as to separate their
effects, 1.e., antagonism, synergism or additivity. Finally, on the basis
of historical data, choose sampling sites including areas from which plankton
have been collected in the past.

For studying pesticide residues in the water environment, Lauer (1974) em-
phasized that the location of the sampling station  must make it possible to
obtain samples representative of the water body being sampled. The greater
the variability of the water mass, the more sampling stations must be selected.

If the objective of a study is qualitative in nature (to describe the
flora and fauna of an area with a high degree of accuracy), a relatively
large number of samples must be collected from a large number of habitat types
(Slack et al., 1973). : :

3.2.1.2 Frequency of Sampling--

Frequency of sampling is of critical importance. In a sampling program,
it evidently influences the validity of data, particularly the precision and
accuracy of data. In general, the more frequent the sampling, the more pre-
cise and accurate the data.

There are many elements that determine the frequency of sampling. Among
these elements some important ones are:

the objective of study

the organisms being studied

the availability of manpower R
the availability of historical information
the limitation of time

the limitation of money

the adequacy of sampling equipment
environmental factors '
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Prior to the beginning of sampling, study objectives must be defined
clearly and carefully. For example, the frequency of sampling may vary from
hourly, for a detailed study of diel variability, to quarterly (every third
month), for a general estimation of seasonal variations, depending on the ob-
jectives (Rand et al., 1975). If the objective of the study is quantitative
in nature, the increase in the frequency of sampling may increase the preci-
sion of the data., e.g., of the estimation of fish population in a body of
water. Frequent samplings are also necessary in a pollutional study if the
characteristics of effluents change or if spills occur. This will help
bilologists more precisely to locate the effluents or spills in a given study
area.

Available manpower, time and money always determine the scope of study
and the frequency of sampling, too. The sampling frequency must be adjusted
to limitations in personnel, time and money.

If sampling can be automated, more frequént samplings can be made than
are otherwise possible. For example, automatic monitors can sample air,
water or other media continually, e.g., hourly through day, month, and year.

Biological factors such as organisms being studied determine the fre-
quency of sampling. That is, the frequency of sampling for plankton may
differ from that for fish or other organisms because each studied organism
has its unique biology, e.g., habitat types, and natural,variabiligy. '

The frequency of sampling is sometimes determined by the available histor-
ical information attainable by searching literature (or work) by previous
investigators.

Environmental factors may also influence the determination of sampling
frequency. For instance, sudden meteorological changes such as a hurricane
storm may force biologists to sample more frequently in its aftermath.

3.2.1.3 Calibration and Maintenance of Sampling Equipment--

Table 3.2.1 summarizes the equipment used currently in biological field
sampling. It is generally agreed that no type of sampling equipment is
applicable to all biological communities. Instead, there is sampling equip-~
ment available for each biological community, such as the special nets, pumps
and water bottles applicable to a plankton community.

" Traditionally, little importance is attached to the calibration of field
sampling equipment. This is probably due to two things:

. mosf field sampling equipment is designed for qualitative studies

e for quantitative studies, sampling frequency and site selection
affect the precision of data much more than calibration errors
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TABLE 3.2.1 A LIST OF BIOLOGICAL SAMPLING EQUIPMENT
(U.S.EPA, REGION II, 1975; U.S.DI, 1972)

Organisms Field Sampling Equipment

Mammals Mouse traps (mouse, rat, etc.)
Conibear traps (bear, etc.)
Snares (deer, etc.)
Box traps (chipmunk, muskrat, etc.)
Beaver traps (beaver)
Herd traps (deer, etc .)
Nets (monkeys, etc.)
Guns (rabbits, deer, etc.)

Birds Box or enclosure traps (gregarious seed-eaters)
Net or rocket trap (wild turkey, etc.)
Drive and drift traps (water fowl)
Mist nets (commercial birds)
Nest traps (water fowl)

Reptiles Drift traps (snakes)
Plants Transportation
Survey gear
Base maps

Specimen containers

Fish Electric shocker
Gill nets
Trammel nets
Seines
Trawls
Others (hook and line, chemicals, etc.)

Macroinvertebrates Grab samplers (Ponar, Peterson, Ekman, Tall Exman,
Orange Peel, Shipek, Smith~McIntyre, etc.)
Surber sampler
Corers

Zooplankton Nets
Clark-Bumpus
Pumps -
Integrated (tubular) samplers
Kemmerer or Van Dorn water bottles
Juday trap

Periphyton Artificial substratum

Natural substratum
(continued)
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TABLE 3.2.1 (Continued)

Organisms Field Sampling Equipment
Phytoplankton Nets

Clark~-Bumpus

Pumps

Integrated (tubular) sampler
Kemmerer or Van Dorn water bottles

Others
Macroalgae (e.g. chara) Same as aquatic plants
Macrophytes
(Aquatic vascular Transportation gear of survey
plants and Base maps
aquatic plants) Specimen containers
Microorganisms Water sampling bottle, e.g.,

Kemmerer type

The following information on equipment used ought to be included on the
field data sheet:

date of use

user's name

operating conditions

special remarks on maintenance and repair

For sampling equipment, maintenance and repair are more important than
anything else. Regular maintenance work consists of:

good, thorough cleaning after use
drying before storage
e proper storage

For example, nets for plankton or fish collection need attention. In particu-
lar, sampling equipment employed in brackish or marine water requires a fresh-
water rinse to prevent rusting or rotting. The repair of equipment should be
scheduled and done on time and by the right personnel. Replacement must be
congsidered if repaired equipment does not do an adequate sampling job.

The maintenance of mobile laboratory facilities should be also considered
as an important task.

3.2.1.4 Sample Preservation——

Upon obtaining a valid and representative sample in the field, sample
preservation is an important consideration. Biological sample preservation
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normally emphasizes:

sample holding container

type of preservative used

sampling labelling information

holding time between sampling and analysis

The containers for biological sample material can be divided into two princi-
pal categories: glass and plastic. There are many types in each category.

All containers have their disadvantages. In general, the major disadvantage

of glass is that it is breakable and heavy-weight. This can be a strict handi-
cap in field use. Polyethylene, on the other hand, is durable, light-weight
and easy to handle. So plastic containers are more widely accepted. Never-

theless, both kinds of containers require the use of proper chemicals to pre-
serve field biological materials.

The chemical preservatives most often used for general field preservation
include formaldehyde, ethyl alcohol, borax, and arsenic trioxide. The use
of these preservatives for organisms varies from microscopic protozoa to large
mammals. Table 3.2.2 presents recommended techniques for using these Preserva-
tives with a number of biological materials. Each recommended technique is
briefly described.

As shown in Table 3.2.2, in addition to chemical preservation, physical
preservation of biological material is also recommended. Two means are em-
ployed in physical preservation: refrigeration and freezing. Refrigeration
(approximately 1-2°C) is an excellent way to preserve most biological materials
for a short period of time. For longer periods of preservation deep freezing
(approximately -20°C) is considered as an excellent method to preserve many
specimens. Either way, it must be kept in mind that the specimen should be
placed in a watertight container, e.g. a plastic bag, and packed in a second
container with either dry or natural ice surrounding the inner-most container.
The sample (or specimen) must be shipped immediately to a central laboratory
for analysis.

TABLE 3.2.2 TECHNIQUES RECOMMENDED FOR PRESERVATION OF BIOLOGICAL MATERIAL
(MOSBY AND COWAN, 1971)

Biological Material Recommended techniques, listed in order of
preference
Mammals
whole, small (1) Ethyl alcohol (70%); (2) 5% Formalin
whole, large Formalin (7-10%); also injection of preservative

into internal organs by hypodermic-perfusion via
circulatory route

(continued)
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TABLE 3.2.2

(Continued)

Biological Material

Recommended techniques, listed in order of
preference

Skins, pelts

Skins, study*

Food material stomachs

Droppings

Reproductive tracts

Birds
whole

Skins, pelts)
Skins, study)

Stomachs
Droppings and pellets

Reptiles & Amphibians
whole

Snake skins
Salamanders
Amphibian skins
(to preserve color)

Fish

Insects
Hard bodies

Soft bodies

(1) Clean thoroughly and air dry; (2) clean and
salt thoroughly (NaCl); (3) use alum on pelts which
appear to be "slipping"

(1) Borax (not to be used on skins having red
pelage); (2) arsenic trioxide-borax mixture in
equal proportions; (3) arsenical soap

Small stomachs-5% Formalin; large stomachs-5 to 10%
Formalin (wrap stomachs in cheesecloth)

Dry quickly, fumigate with carbon disulfide
(1) AFA (preferably) or Bouin's fluid; (2) 10%

Formalin

(1) 70% alcohol; (2) 5% Formalin, both with inter-
nal injection

(1) Borax; (2) arsenic-borax mixture

5% Formalin

Dry quickly and fumigate with carbon disulfide

(1) 35-40% isopropyl alcohol or 70% ethyl alcohol;
(2) Formalin-specimens should be slit or injected

Rolled flat, placed in 70% alcohol

Kill with chloretone or 20% alcohol; harden with
5% Formalin and store in 70% alcohol

Kill with ether; skin and place skin in water;
float onto cardboard; dry quickly

(1) 70% alcohol; (2) 10% Formalin

Kill with KCN bottle; store dry

Kill and store in 5% Formalin or 10% alcohol
(continued)
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TABLE 3.2.2 (Continued)

Biological Material

Recommended techniques, listed in order of
preference

Miscellaneous
Skeletons-field

Skeletons—in
laboratory

Fumigants-for all
specimens in pelt,
study or standing
mount form

Pathological Material
General

Bematolgg}cal

Bacteriolgg}cal

Virolqg}gal
Rabies

Other Viruses

Parasitological
Ectoparasites

(1) Clean thoroughly and dry quickly; treat with
arsenical soapt for shipment; (2) place in alcohol
(Formalin, unless neutralized, dissolves calctum of
bones)

(1) Boil gently in 3% hydrogen peroxide to remove
meat and to bleach bones, degrease in carbon tetra-
chloride; (2) clean by use of dermestid beetles

Carbon disulfide as gas insecticide to kill insects;
paradichlorobenzene as insect deterrent and DDT
as insect contact killer

(1) Refrigerate (30°-40°F); (2) deep freeze and
transport to laboratory as quickly as possible

(1) Make several blood or tissue smears; (2) blood
serum; (3) cell counts: either sodium oxalate 2-4
mg/ml or sodium citrate 2-4 mg/ml; refrigerate;
(4) whole blood or serum dried on paper discs

(1) Refrigerate entire specimens; (2) take blood,
pus or fluids in sterile containers; refrigerate;
(3) saturate cotton swabs with blood, pus, or
tissue juices; transport in special medium; (4)

make smears from blood, serous fluids, tissue juices

If possible confine the animal and wait until death
occurs. Refrigerate and rush the head (if possible
the entire carcass) to Public Health Laboratory

(1) refrigerate; (2) freeze; (3) put 1 cm cubes
of tissue in glycerol

Remove by hand or with aid of ether, chloroform,
or sorptive silica powder (Dri Die). (1) ship
live in non-airtight container with moist cotton,
refrigerate if possible; (2) kill with ether, chlor-
oform or HCN and ship dry between layers of cotton;
(3) freeze and ship frozen

(continued)

124



TABLE 3.2.2 (Continued)

Biological Material Recommended techniques, listed in order of
preference
Helminths (1) relax in cold water. Fix nematodes in hot

70% alcohol. Fix cestodes, trematodes in warm
AFA; (2) 70% alcohol-95 parts, glycerol-5 parts

Protozoa (1) refrigerate tissues, feces, citrated blood
(2) make smears of blood, feces, tissue impres:i: n::
(3) fix tissues in 10Z Formalin

Histological Fix small pieces of tissue in 10Z Formalin (10 o
T 20 x volume of tissue). Do not freeze
Toxicological RefrigéraCe or freeze biood, liver, kidneys, b:iin,
stomach with contents, small intestine
Plants
Terrestrial Place between folded paper, dry quickly between
corrugated cardboards and with slight pressure in
plant press
Aquatics, or other (1) alcohol-acetic acid-Formalin solution; (2) 2
plants with a mass to 42 Formalin
of tissue

* Injection with embalming fluid (equal parts of Formalin, glycerine, and
phenol plus 85 parts water) will keep birds and mammals fresh enough to
skin for study mounts for about a week without refrigeration.

t Poisons should not be used on skeletons which are to be cleaned by derme:' '

Clean large skulls and skeletons by boiling in 4 o0z. sodium sulfate and
8 oz. ammonia to 6 gallons of water.

Samples are useless unless adequately labelled. The samples or sanpl:
containers must have attached the following information, written with a wat. --
proof marker on durable paper:

date

name of study area

site of sampling station

type of sample (qualitative or quantitative)

volume of water represented or weight where applicable
.number of subsamples of sample

type of analyses desired for sample

name of collector

method of sample collection
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It is always a good practice to duplicate full data on a second label
and to pack it with the sample container so that at least one set of sample
information is preserved. This labelled sample should go to the project
manager or laboratory supervisor with a completed field data sheet (Figure
3.2.1) and a completed chain of custody form (Figure 3.2.2).

Holding time has been defined in the following ways:

e the entire period of time from the point of the
initial sample collection to the beginning of the
analysis

e the period of time between the point of receipt of the
sample at the laboratory and analysis

¢ the period of time between the point of the formation
of composite sample and analysis

Neither of the latter two show the real length of time a sample has been
moved away from its environment. Therefore, the results of analysis may not
be valid due to the inaccurate reflection of possible changes. This may be
critical when analyzing for the population of microbiologic bacteria which
change fast in water, but it may not be important for fish scale samples
that are commonly preserved for age and growth study. Consequently, the
holding times between the beginning of sampling in the field and analysis
in the laboratory must be specified.

Under no circumstances should the laboratory supervisor or project
manager delay the analyses on any field biological samples. When a sample
enters the laboratory, the material with the shortest holding time should
be analyzed first. 1In the meantime, a composite sample must be formed if
needed and further preservation in the laboratory must be accomplished if
required. Then the relatively stable samples can be analyzed. Thus, the
problem of delayed analyses is reduced to a minimum.

126



Location

Collector : Sta. Depth (Ft.) Air Temp. (©F) ‘
SAMPLING METHOD (Circle) COMPOSITE DATA (Circle)

Kemmerer Petersen Surber Manual Flow Space Time

Plankton Net Seine Trawl. Bucket Observed Flow

Other Avg. Daily Flow

OBSERVATIONS (Circle)

Weather | Wind Ft. Wave Surface Bottom % | TIDE CONDITION |
L Clear North 0 Clean Ooze
P. Cloudy | East 1 01l Sand v HW LW
Overcast | South 2 Garbage Gravel Slack Slack Slack
Fog West 3 Trash Clay
Drizzle 0-5 4 Gas Bubbles Rubble Flood Ebb
Rain MPH 5 Dead Fish Rock
Snow 5-15 S5+ Sewvage Shell Tide Stage (Height)
MPH Ind. Waste Organic Low
Over 15 Float Solids Normal
MPH . | High
WATER-Color From Plankton, Waste, Sediment, Other
Odor Presh/Brackish/Salt
STREAM-Widch (Pt.) Depth (Ft.) Low/Normal/Flood
Rapids % Pools 2 Riffles 4
ANIMALS- Fish: Adults, Fry Insects: Adults, Larvae
PLANTS-Floating %2 Emergent % Sumberged 4
Periphyton Algae
Samples to: Collection (Ending) Date S le Temp. (©C)
Bact | Bio | Chem | Other Ir Mo Day |
1. | | _
Scation No. Ending Time (24 Hr) DO (mg/1)
Sample Depth (Ft.) Beginning Date Cond. (uMHOS/CM)
Yr Mo Day
| I | |
Lab_Number Beginning Time (24 Hr) " Salinity (Z.)
Type of Sample pH Other
Grab | Composite | Sediment ]

Remarks

(EPA, Region I1)

Figure 3.2.1 Field data sheet (U.S. EPA, Region II)
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821

Name of Unit and Address:

Nusber Bait Description of Samples

Persoa Assuming Respoasibility for Sasples:

Yime Date

anber Bel inguished by: Time | Date | Received By: Time | Date | Beasoa for Change of Custody
Womber Relingquished By: Time | Bata | Becelved By: Time Date | Reasoa for Chasge of Custody
Boaber Relinguished By: | Time | Bute | Beceived By: Tise | Bate | Ressoa for Change of Custody

(Era, RECION IT)

Figure 3.2.2 Chain of custody form (U.S. EPA, Region II).



3.2.2 Fiald Analysis

Biologists and analytical chemists have become more and more interested
in having analyses done in the field because the holding and preservation of
samples have been shown to affect the quality of results, i.e. the accuracy of
data. FPor example, the addition of the common preservative, HgCl,, that is
applicable to the measurement of nutrients in the sample, interferes with the
measurement of BOD (Biological Oxygen Demand). The bacterial inhibition by
such chemicals reduces the BOD reading. For biological material, the pre-
servation of most samples changes the original natural colors of organisms.
This change sometimes makes it more time-consuming and more tedious to iden-
tify organisms. The prolonged holding of the preserved samples (especially
in ethanol) often causes an underestimate of pesticide residues. Lauer (1974)
recommended the routine check of pesticides in the preservative with the
reault to be added to the total obtained from the organisms before final
computation of concentrations. Because of considerations like this, the Task
Croup on Biologic Quality and Organics of the Federal Intraagency Work Group
on Designation of Standards for Water Data Acquisition suggested that some
analyses that are usually done in the laboratory be practiced in the field
(U.S. Department of Interior, 1972).

3.2,2.1 BEPA Field Methods--

The U.S. Environmental Protection Agency (1973) has publighed a manual,
entitled "Biological Field and Laboratory Methods for Measuring the Quality of
Surface Waters and Effluents’ (C.I. Weber, editor). It contains field and '
laboratory methodology for sampling, identifying and quantifying plankton,
periphyton, macrophyton, macroinvertebrates, fish and bioassay, and has a
chapter on "Biometrics'. The manual is periodically reviewed,and revised exist-
ing methods and new methods are added as the need arises. The second edition
of the EPA Methods Manual will be significantly expanded to include the
following additional materials:

Non-parametric statistical analysis

Adenosine triphosphate analysis

Nitrogen fixation (acetylene reduction) methods

Liquid scintillation techniques for primary productivity
Periphyton primary productivity methods

Sediment oxygen demand

Scubs techniques

Histopathology and histochamistry

Acetycholinesterase analysis

Bffluent biocassay

Pield and laboratory biological quality assurance guidelines

3.2,2.2 1Instrument Calibration~-

Table 3.2.3 1liets instruments and equipment commonly used in the
biological field analysis.
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TABLE 3.2.3 INSTRUMENTS AND EQUIPMENT FOR LABOR-
ATORY AND FIELD ANALYSIS IN BIOLOGICAL RESEARCH

ATP photometers Fluorometers pH meters

Audial instruments Freezers Refrigerators
(recorders, etc.) Gas chromatographs Salinometers

Balances Incubators Spectrophotometers

Current meters Light meters Thermometers

DO probes Microscopes: Visual instruments

Drying ovens Compound (binoculars, etc.)

Electron Volumetric glassware

Calibration procedures for spectrophotometers are described in "Spectro-
photometer Calibration and Performance", ASTM E225-67. Rand et al. (1975) .
detail procedures for the calibration of microscopes, fluorometers, analytical
balances and other instruments. According to Rand et al. (1975), balances
shall provide a sensitivity of at least 0.1 g at a load of 150 g, with
appropriate weights. An analytical balance having a sensitivity of 1 mg
under a load of 10 g shall be used for weighing small quantities (less than
2 g) of materials. Single-pan rapid-weight balances are most convenient. See
Chapter 3, Instrumental Quality Control, of the U.S. EPA's Handbook for
Analytical Quality Control in Water and Wastewater Laboratories (U.S. EPA,
1972).

A good calibration system for any instrument for field and laboratory
analysis should-.-be based on the following requirements:

e Develop a calibration plan and follow it

e Use calibration standards. For example, solutions containing
chlorophyll a, b and ¢ and the degradation product pheophytin a
are available for spectrophotometric analysis by writing to:
U.S. Environmental Protection Agency, EMSL - Laboratory
Evaluation and Quality Assurance Branch, 26 West St. Clair Avenue,
Cincinnati, Ohio 45268. A quality control sample is also available
from the above address for fluorometric analysis for chlorophyll

e Adequate environmental conditions should be provided during
calibration

e A calibration interval for recalibration should be assigned to all
instruments and equipment listed in Table 3.2.3 and calibration
standards should be specified

e A record of calibration should be maintained for each instrument
or piece of equipment. This record consists of:

Date

True value of standards and calibration value

Factor, if any required to correct reading from meter
Amount of drift

Initials of person performing calibration

00 00O0

e Written calibration procedures should be provided for all listed
instruments and equipment. These are usually collected in a quality
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control manual

e The calibration record should include the traceability of the
standard used in the calibration

e A calibration checklist should be provided and instruments
and equipment should be checked and adjusted periodically by a
laboratory service man or consultant if service is not avail-
able locally, following manufacturer's instructions as closely
as possible

3.2.2.3 Field Sampling with Laboratory Analysis--

Assuming that all samples are collected properly in the field and
handled adequately, and field analysis is not dictated by preservation
problems, laboratory analysis can then be initiated by the project manager.

The analysis of samples is basically in two groups: qualitative and
quantitative analysis. Table 3.2.4 lists the major analyses for field-
collected samples of common organisms. Qualitative analysis is primarily for
organisms and species identification. Quantitative analysis includes other
functional tests such as:

Number

Productivity

Growth

Bioassays

Chemical analyses (tissue analyses)

Recently, the taste test (flesh tainting) of commercial macroinvertebrates
and fish has come into the territory of laboratery analysis.

In a broad sense, bloassay can be divided into field bioassay and
laboratory bioassay. Most bilologists are familiar with laboratory bieassay
which in general comprises aquatic and mammalian bioassay. Aquatic and mam-
malian laboratory biloassays are discussed in Section 3.3 and 3.5, respectivelv.
Field bioassays will come under further discussion later in this section.

TABLE 3.2.4 MAJOR ANALYSES OF COMMON ORGANISMS
IN FIELD SAMPLING WITH LABORATORY ANALYSES

Organisms Major Analysis
Viruses Identification
Bacteria Identification

Colony count

Phytoplankton Identification and counts
Diatom species proportional count
Ash-free weight
Chlorophyll analyses
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TABLE 3.2.4 (Continued)

Organisms

Major Analysis

Zooplankton

Periphyton

Macrophyton

Macroinvertebrates

Fish and other

vertebrates

Plants

ATP determinations
Primary productivity
Bioassay

Identification and counts
Dry weight

Ash-free weight

Bioassay

Identification and counts

Diatom species proportional counts
Ash-free weight

Chlorophyll analyses

ATP determinations

Primary productivity

Bioassay

Identification

Dry weight

Ash-free weight
Chlorophyll analyses
Bioassay

Identification and counts
Dry weight

Ash-free weight

Age and growth

Bioassay

Identification and counts
Age determinations

Growth measurement

(in length and/or weight)
Bioassay

Identification
Dry weight
Ash-free weight
Bioassay
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Chemical analysis is usually done to determine the amount of three
groups of major environmental contaminants, pesticides, metals, and radio- .
isotopes, in each trophic level of organisms. Tissues are often employed for
histopathological analysis and histochemical (or enzyme) analysis.

3.2.3 Sampling Method

This section covers sample collection, sample preparation, preservation
and storage, and sample analysis for the following test subjects (for viruses
and bacteria, see Section 3.4.1):

Plankton
Periphyton
Macrophyton
Macroinvertebrates
Fish

Birds

Mammals

Plants

3.2.3.1 Plankton~--

In "Biological Field and Laboratory Methods" (U.S. EPA, 1973), plankton
is defined as organisms suspended in a body of water which, because of their
physical characteristics or size, are incapable of sustained motility 1in
directions counter to the water currents. In fresh water they are generally
microscopic; in sea water, they are more frequently larger. All of them
drift with currents.

Plankton consists of both plants and animals. The planktonic plants are
referred to as "phytoplankton" and animals are "zooplankton'. Reports have
shown that complex and intimate relationships exist among the various com-
ponents of plankton. Phytoplankton such as algae occur as unicellular,
colonial, or filamentous forms, and usually constitute the greatest portion
of the biomass of plankton. These chlorophyll-bearing plants carry on
photosynthesis and serve as primary producers. The zooplankton in fresh water
comprise primarily protozoans, rotifers, cladocerans, and copepods; in marine
waters, a much greater variety of organisms is encountered. Zooplankton and
other herbivores graze upon the phytoplankton and, in turn, are preyed upon by
other organisms, thus passing the stored energy along to larger and usually more
complex organisms. In this manner nutrients become available to large
consumers such as macroinvertebrates and fish.

For the following reasons, plankton have been used extensively by
pollution engineers and biologists as indicator organisms for environmental
assessment studies (Rand et al., 1975):

e Because of their short life cycles, plankton responded
sensitively to environmental changes, and hence the species
composition and standing crop indicate the quality of the
water mass in which they reside
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Because of their small size and great numbers, they not only
strongly influence certain non-biological aspects of water
quality (e.g., pH, color, taste, and odor), but in a practical
sense, they are a part of water quality. However, because of
their transient nature, plankton communities may be of limited
value in assessing water quality

The decision on selecting the sites and stations for plankton samples
should be made according to the following:

Formulate a study design which includes study objectives,
the limitations of manpower, time and money

Select the same sampling sites selected by previous
investigators if consistent with study aims, for a better
understanding of current results

Select the sampling stations as near as possible to those
selected for chemical and bacteriological sampling to
insure maximum correlation of findings

Select a sufficient number of stations in as many sites
as necessary to define adequately the kinds and quantities
of plankton in the waters studied

Understand the physical nature of water (such as currents,
depths, and volume of flow) that influences greatly the
selection of the sampling stations

Keeping of field notes and inserting of sampling labels must be taken
into consideration in plankton collection. Both labels and marker should
be waterproof. Record the following information on all labels:

Sample identification number

Location, including name of water body, distance and
direction to nearest city, county and state, latitude
and longitude, or other description

Date and time

Name of collector

Type of -sample, including equipment used, sample
volume, tow length if net is used, vertical or
horizontal tow

Preservatives used and concentrations

Special preparation of samples desired

Types of analyses to be performed, as a reminder and a
cross—-check

Keep a field notebook containing all information written on the label, plus
pertinent additional notes. These notes should include, but not be limited

to:

Weather conditions: wind direction and intensity, and
cloud cover

Physical nature of water: smooth water surface or rippled,
water color and turbidity, and depth at station
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e A list of all types of samples taken at station
Information on direction, distance, and description
of effluents in the vicinity

¢ Other genetal descriptive information

Sample size depends on the type and number of determinations to be made;
the number of replicates depends on the statistical design of the study and
the statistical analyses selected to assist in data interpretation (Rand et

al., 1975).

TABLE 3.2.5 PRESERVATION OF PHYTOPLANKTON

Preservatives

Preparation

Usage

Formalin plus sodium
tetraborate (neutra-
l1ized Formalin)

Neutralized Formalin
Plus cupric sulfate

Neutralized Formalin
plus detergent
solution

Merthiolate

Neutralize Formalin with
tetraborate to pH=7.0-7.3.
Five milliliters of the
neutralized formalin are
added for each 100 ml of
sample

Add saturated cupric sul-
fate solution to the pre-
served samples. One
milliliter of the satu-
rated solution per liter
of sample is adequate

One part of surgical
detergent to five parts
of water makes a stock
solution. Add 5 ml of
stock per liter of -sample

Dissolve 1.0 gram of
merthiolate, 1.0 gram of
aqueous saturated iodine-
potassium iodide solution
(prepared by dissolving
40 grams of jiodine and

60 grams of potassium
iodide in 1 liter of
distilled water), and 1.5

gram of borax in 1 liter

of distilled water. Add
37.3 ml of this stock
solution to 1 liter of
sample

Preserve the samples for
more than 1 year, but this
preservative will cause
many flagellated phyto-
plankton to lose flagella

Maintains the green color
of phytoplankton samples
and aids in distinguishing
photoplankton from detritus

Prevents clumping of settled
organisms

Stain cell parts to simplify
identification. But this
preservative will cause
blue—green algae to lose gas
from their vacuole and so
enhances settling
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EXAMPLE: PHYTOPLANKTON

aple Collection

Sample equipment: Nets, pumps, tubular equipment and cylindrical type of
samplers are generally used for phytoplankton sampling (see Table 3.2.1).
However, the U.S. Environmental Protection Agency has recommended the use
of the cylindrical type of sampler with stoppers (U.S. EPA, 1973). Net
collection of phytoplankton is recommended for quantitative analysis.
Pumping may harm delicate algae when tubing is flushed between stratified
samplings.

QUALITY CONTROL -- Use only nonmetallic samplers when metal analysis,
algae assays, or primary productivity measurements are being performed.

Sample volume: When phytoplankton densities are less than 500 units per
milliliter collect a 6-liter sample. In richer waters, a sample of 1
to 2 liters is sufficient.

QUALITY CONTROL -- For quantitative analysis, caution must be taken to be

exact on sample volume.

Sample preservation: See Table 3.2.5 for preservatives used, their prepara-
tion and usage. Each preservative has its advantages.
QUALITY CONTROL -- When diatom slides are to be made, DO NOT use detergent

solution which prevents clumping of settled organisms.

QUALITY CONTROL -- If merthiolate is used as preservative, the preserved
samples are not sterile, and SHOULD NOT be stored for more than 1 year.
After that period of time, Formalin should be used.

After collection and preservation, phytoplankton samples sometimes must be
concentrated in the laboratory before analysis. Three common techniques
used for concentrating are: sedimentation, centrifugation, and filtration.
Sedimentation is preferred (U.S. EPA, 1973). Because of the different sedi-
+sentation rates of the various sizes and shapes of phytoplankton, caution
must be exercised during sedimentation.

from the sample concentrates, a subsample is always withdrawn for phyto-
1lankton semipermanent wet mounts, phytoplankton membrane filter mounts,
or diatom mounts. See Standard Methods, 14th edition (Rand et al., 1975)
for the detailed preparation of mounting slides. The mounted slides will
be ready for microscopic examination for species composition and count.

Sample Analysis

(ualitative analysis--Phytoplankton identification: Identify the phytoplank-
ton to species level whenever possible. When identifying phytoplankton, it
is useful to examine fresh, unpreserved samples. An initial examination is
needed because most phytoplankton samples contain a diverse gathering of
arganisms.

JUALITY CONTROL -- Use a good quality compound binocular microscope with a
mechanical stage. Require a substage condenser for high magnification.
OUALITY CONTROL -- For exact magnification, the microscope must be adequately
calibrated.
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QUALITY CONTROL -- Utilize all available references for exact .
identification and consult the authority for questionable identification.

Quantitive analysis-Phytoplankton count: Identify and count the phyto-
plankton directly. In samples with very low populations, concentrate
organisms and then count. In those samples where algae concentrations
are extreme, or where silt or detritus may interfere, carefully dilute
a small portion of the sample 5 to 10 times with distilled water, and
then count. The apparatus (five types) used in counting phytoplankton
are listed below. For procedures of using each apparatus, see Standard
Methods, 14th edition (Rand et al., 1975), or Biological Field and
Laboratory Methods (U.S. EPA, 1973).

QUALITY CONTROL -- Use an adequately calibrated microscope.

QUALTIY CONTROL -- The analyst should carefully manipulate the dilution
and concentration of the samples that may introduce error.

(1) Sedwick-Rafter (S-R) cellm;g 50 mm long by 20 mm wide by 1 mm deep
and the total volume is 1000 or one ml.

QUALITY CONTROL -- The diluted or concentrated samples must be well
mixed before transfer into counting chamber.

QUALITY CONTROL -- Be exact on the volume of the well-mixed sample to
be transferred into the chamber, e.g., 1.0 milliliter.

QUALITY CONTROL -- Examine the underside of the cover slip and add these
organisms to the total count. &

QUALITY CONTROL -- Always randomly select the strips or fields for count.
QUALITY CONTROL -- Be consistent on counting phytoplankton that lie only
partially within the grid or that touch one of the edges.

(2) Palmer-Maloney (P-M) Nannoplankton cell: The cell has a circular
chamber 17.9 mm in diameter and 0.4 mm deep, with a volume of 0.1 ml.
QUALITY CONTROL -- Use P-M cell only for nannoplankton count.

(3) Bacterial Counting cells and Hemocytometers: The cell (Petroff-
Hausser cell) is 1T mm x 1 mm x 1/50 mm which gives a volume of 1/50 mm3.
The depth in the hemocytometer is 1/10 mm (compared to 1/50 mm in a P-H
cell), and thus the total stabilization volume is 1/10 mm3.

QUALITY CONTROL~-~- Do not attempt routine counts until experienced in use
of the bacterial counter and the statistical validity of the results

is satisfactory.

QUALITY CONTROL -- Employ these cells for counting high-density
populations (50,000 cells/ml1) that may be found in sewage ponds or in
laboratory cultures.

(4) Membrane Filter: A special filtration apparatus using a vacuum of
0.5 atmospheres and 1-inch, 0.45 u membrane filters.

QUALITY CONTROL -- Be exact on the amount of water to be filtered.
QUALITY CONTROL -- The filtered samples from estuarine and sea waters
must be rinsed with distilled water to remove salts.

gUALITY CONTROL ~-- Record the occurrence of each species in 30 random
elds.
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(5) Inverted microscope with cylindrical counting chambers:
Precision-made, all-glass counting chambers in a wide variety of
dimensions are available. The chambers can also be easily and inexpen-
sively made in the laboratory.

QUALITY CONTROL -- Allow complete sedimentation before making a count.
On the average, allow 4 hours per mm of height.

QUALITY CONTROL -- Make random counts. For field counts, as a general
rule, count a minimum of 100 of the most abundant species. At higher
magnification, count more fields than under lower power.

Diatom Analysis: Identification and Count. Prepare diatom slides as
directed in Standard Methods, 14th edition (Rand et al., 1975) or
Biological Field and Laboratory Methods (U.S. EPA, 1973). Identify and
count the diatoms at high magnification under oil. Randomly examine
lateral strips the width of the Whipple grid, and identify and count all
diatoms until 250 cells are counted.

QUALITY CONTROL -- The slides must be labelled with all relevant
information.

QUALITY CONTROL -- Use "A Guide to the Common Diatoms at Water Pollution
Surveillance System Stations", as a basic reference (Weber, 1971).
Utilize all other available references and experts for identifying
purposes.

QUALITY CONTROL -- Adopt a consistent system on counting. Count all
diatoms within the borders of the grid. Ignore small cell fragments.

There are two other counting methods for quantifying phytoplankton:
Lackey Drop Microtransect Counting Method; and Particle Counters (Rand
et al., 1975; Lackey, 1938; Maddux and Kanwisher, 1965). The former
method is a simple method of obtaining counts of considerable accuracy
with samples containing a dense plankton population. It is similar to
the S-R strip count. The particle counters are used effectively for
counting pure culture but are not suited for enumerating natural
plankton populations in surface water grab samples because they do not
discriminate between the plankton and other particles such as silt or
organic detritus.

Biomass determination: Chlorophyll can be measured in vivo fluoro-
metrically or in acetone extracts (in vitro) by fluorometry or spectro-
photometry. The measurements can be categorized into four types: (1)
spectrophotometric determination of chlorophyll a, b, and c (Trichromatic
Method), (2) fluorometric method for chlorophyll a, (3) spectrophoto-
metric determination of pheophytin a (a common degradation product of
chlorophyll a), and (4) fluorometric determination of pheophytin a.
QUALITY CONTROL -- Keep the stored samples in the dark to avoid photo-
chemical breakdown of the chlorophyll.

QUALITY CONTROL -- Mix the phytoplankton sample thoroughly to ensure a
homogenous suspension of algal cells (in vivo measurement).

QUALITY CONTROL -- Calibrate the spectrophotometer or fluorometer with
calibration standards. See Section 3.2.2.2.

QUALITY CONTROL -- Stopper the cuvettes to minimize evaporation of acetone
during the time the spectrophotometric or spectrofluorometric readings
are being made (in vitro measurement).
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See Standard Methods, 14th Edition (Rand et al., 1975) for detai]s
concerning equipment and reagents used, procedures, and calculations.

Phytoplankton productivity measurements indicate the rate of gonversion
from inorganic carbon to an organic form by phytoplankton during photo-
synthesis. These measurements are useful in determining the effects of
pollutants and nutrients on the aquatic community (U.S. EPA, 1973). Two
widely used methods of measuring phytoplankton productivity in situ are:
the oxygen method of Gaarder and Gran, and the carbon-14 method of
Steeman-Nielsen.

QUALITY CONTROL -- DO NOT use phosphorus-containing detergents to clean
BOD bottles. Acid-clean them, JUST BEFORE use, rinse with the water being
tested.

QUALITY CONTROL -- Double precaution must be taken to insure light
exclusion of the dark bottles used.

QUALITY CONTROL -- Build supporting line or rack that DOES NOT shade the
suspended bottles.

(1) Productivity, Oxygen Method: See Rand et al. (1975), pp. 1037-1039

and 440-454.

QUALITY CONTROL -- Water used to fill duplicate clear, darkened, and

initial-analysis bottles SHOULD come from the same grab sample.

RUALITY CONTROL -- Incubate the BOD bottles for at least 2 hours, but
onger than it takes for oxygen-gas bubbles to form in the clear

bottles.

(2) Productivity, Carbon-14 Method: General directions for this method
are found in Rand et al. (1975), pp. 1039-1041, pp. 278-282, pp. 293-302
and 633-682.

QUALITY CONTROL -- Water used to fill BOD bottles SHOULD come from the
same grab sample.

QUALITY CONTROL -- Incubate the samples for up to 4 hours.

QUALITY CONTROL -- There should be at least 1,000 cpm (counts per minute)
in the filtered sample for statistical significance (Strickland and
Parsons, 1968).

Cell Volume of Phytoplankton: Determine the shape of a cell and then the
volume of a cell by using the simplest geometric configuration.

Calculate the total volume of any phytoplankton species by multiplying
the average cell volume in cubic micrometers by the number per liter.
QUALITY CONTROL -- For better representation of cell volume, measure

20 1ndividuals of each species to get average cell volume for each sam-
pling period.

QUALITY CONTROL ~-- Be exact on the subsample volume from the well-mixed
sample.

QUALITY CONTROL -- Keep a consistent counting system.

Cell Surface Area of Phytoplankton: Same as above, but measure the cell
surface area instead.
QUALITY CONTROL -- Same as described for cell volume of phytoplankton.
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TABLE 3.2.6 THE PRESERVATION OF ZOOPLANKTON (U.S. EPA, 1973)

Preservatives

Preparation

Usage

Formalin

Formalin plus glycerin

Ethanol plus glycerin

Rose Bengal stain

Freezing

Add sodium tetraborate to
obtain pH of 7.0 to 7.3.
Obtain a final concentration
of 5% neutral Formalin.

Add 5% glycerin to 5% neutral
Formalin.

Add 5% glycerin to 70%
ethanol.

Add 0.04% Rose Bengal stain
to 5% neutral Formalin.

The concentrated sample is
placed in a fine-meshed bag,
drained of excess water,
placed in a plastic bag,

and frozen for laboratory
processing.

Preserve grab
samples.

Preserve the con-
centrated net
samples.

Preserve the con-
centrated net
samples.

Differentiate
animal and vege-
tative material
in turbid samples

For chemical
analysis of zoo-
plankton samples.

Sample Collection

« Sampling equipment:
plankton net is often used for collecting quantitative samples.

EXAMPLE: ZOOPLANKTON

a messenger-operated water bottle, or metered

Filter

surface-water samples through nylon netting or tow an unmetered
plankton net through the water to obtain semi-quantitative samples.
Towing from an outboard motor boat and casting of nets are two common
techniques in sampling. Tows can be vertical, horizontal or oblique

tow for different purpose of study.

Net casting is used to obtain a

qualitative estimate of relative abundance and species present. To
sample most sizes of zooplankton, two nets of different mesh size can
be attached a short distance apart on the same line.

QUALITY CONTROL --

When towing with a boat is employed, maintain speed

to ensure a wide angle (near 60°) for easy calculation of the actual
sampling depth of the net.
QUALITY CONTROL -- Clean nylon nets thoroughly, rinse with clean water
and dry before storing.
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QUALITY CONTROL -- Rinse messenger-operated samplers with clean water,
dry and lubricate all moving parts with light machine oil.

« Sample Volume: In lakes, large rivers, estuaries and coastal waters,
filter 1.5m3 (horizontal tow) to 5m3 (oblique tow) of water through nets
for adequate representation of species present. For samples in flowing
streams and ponds, filter 20 liter surface water through a No. 20 net to
obtain an estimate of zooplankton present.

QUALITY CONTROL -- Be sure to obtain the exact volume of sample for
quantitative analysis.

. Sample Preservation: Preserve zooplankton samples with 70% ethanol, 5%
neutral Formalin (pH of 7.0 to 7.3), or Lugol's solution (Rand et al,
1975). Freeze the concentrated samples for chemical analysis
(U.S. EPA, 1973). See Table 3.2.6 for the detailed description of
zooplankton preservation.

QUALITY CONTROL -- Usually, use Formalin to preserve samples obtained
from coastal waters.

QUALITY CONTROL -- If the sample is taken from estuarine or sea water,
the nylon bag (used to hold concentrated net samples for chemical
analysis)must be dipped several times in distilled water to remove the
chloride from interstitial seawater, as chloride can interfere with
carbon analysis.

Sample Preparation

» Concentrate zooplankton samples by sedimentation and then mount them on
slides as directed in Standard Methods, 14th Edition (page 1020) if
desired.

QUALITY CONTROL -- Must recover organisms (especially cladocera) that
cling to the surface of the water in the settling tube.

Sample Analysis

» Qualitative Analysis: Make an initial examination. Identify the small
(nanno) zooplankton during the routine phytoplankton qualitative analysis.
Identify Copepoda, Cladocera and other larger forms with the use of a
binocular dissecting microscope at a magnification of 20 to 40. Identify
rotifers at 100. All animals should be identified to species if possible.
QUALITY CONTROL -- Use all available, appropriate taxonomic reference
at the bench. See a list of recommended references (U.S. EPA, 1973).
QUALITY CONTROL -- Use taxonomic expertise in identification of
questionable specimens.

» Quantitative Analysis -- Pipet Method: Dilute the concentrated sample.
Withdraw 1 ml of subsample from the center of well-agitated water-
plankton mixture with a 1-ml Stempel pipet. Transfer the subsample
to a gridded culture dish (110 x 15 mm) with 5-mm squares. Enumerate
(about 200 zooplankters) and identify under a dissecting microscope
(U.S. EPA, 1973).

QUALITY CONTROL -- Randomly select 10 strips for rotifer count.

141



QUALITY CONTROL -- Accurately determine the volume of the counting
chamber from its inside dimensions because this volume changes the
outcome of the calculated count.

Biomass Determination -- Dry and Ash-free Weight: Determine dry weight
by placing the aliquot of concentrated sample in a tared porcelain
crucible and drying at 105°C for 24 hours. Subtract the weight of the
crucible to obtain the dry weight. After the dry weight is determined,
place the crucible in a muffle furnace at 500°C for 1 hour. Cool,

wet the ash with distilled water, and bring to a constant weight at
105°C. Subtract the weight of crucible and ash from the dry weight to
obtain ash-free weight. This method is sometimes used for phytoplankton
biomass determination.

QUALITY CONTROL -- Wash the sample well with distilled water by
settling to reduce the amount of contamination.

QUALITY CONTROL -- Must collect sufficient sample to provide several
.aliquots each having 100 mg wet weight or 10 mg dry weight because at
least two replicate aliquots must be processed for each sample. Must
keep the temperature in the oven or furnace constant for all drying
processes.

In addition to the aforementioned techniques for biomass determination,
there is a recently developed method of measuring adenosine triphosphate
(ATP) in plankton that provides a means of determining the total viable
plankton biomass. According to Weber (1973), the ratio of ATP to bio-
mass varies somewhat from species to species, but appears to be constant
enough to permit reliable estimates of biomass from ATP measurements.
The method is simple and relatively inexpensive. The instrumentation

is stable and reliable. The method also has many potential applications
in entrainment and bioassay research, especially plankton mortality
studies. See equipment and reagents used, procedure, and calculation of
ATP in Standard Methods, 14th Edition (Rand et al., 1975).

Moreover, the "nitrogen fixation' idea is introduced by aquatic
physiologists to measure metabolic rates of plankton communities in
the water. The two methods for estimating nitrogen fixation rates in
the laboratory are the !SN isotope tracer method and the acetylene
reduction method. It is found that the great variation in the rate of
nitrogen fixation with different types of organisms and with the con-
centration of combined nitrogen in the water makes it impossible to
use nitrogen fixation rates to estimate biomass of nitrogen-fixing
organisms in surface waters. But the acetylene .reduction method is
useful in measuring nitrogen budgets and in algal assay work (Stewart
et al., 1967 and 1970; Weber, 1973).

3.2.3.2 Periphyton--

Periphyton is also known as "Aufwuchs'" in German, which can be seen in

some literature. It is defined as 'a community of microscopic plants and
animals associated with the surface of submersed objects. Many of the
protozoa and other minute invertebrates and algae that are found in the
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plankton also occur in the periphyton" (Rand et al., 1975).

Two types of sampling are generally used for periphyton sample
collection: qualitative and quantitative sampling. Qualitative studies
concerned only with systematics of periphyton require no elaborate or
complicated apparatus for the collection of samples. Knives, scrapers, and
similar implements have sometimes been modified for specific habitats, e.g., a
curved knife for scraping epiphytic periphyton from bulrushes (Wetzel and
Westlake, 1974). For the measurement of biomass, artificial substrate 1is a
most widely accepted sampling method compared to those devices that have been
developed for the collection of quantitative samples from irregular
surfaces.

Since the periphyton community is an excellent indicator of water
quality, the selection of a minimum of two sampling stations will be
required to provide data on the community in both the pollution-free zone
and the polluted zone in a body of water. However, a more intensive
sampling program is recommended if possible.

EXAMPLE: PERIPHYTON

Sample Collection

o Natural substrate method: qualitative samples may be taken by scraping
submerged rocks, sticks, and other substrates available at the station.
QUALITY CONTROL -- This method is not recommended for the collection of
quantitative samples because of inaccurate measurements of sampling
areas.

« Artificial substrate method: The standard (plain, 25 x 75 mm) glass
microscope slide is a most suitable artificial substrate for quantita-
tive sampling. Plexiglas slides may be used in place of glass slides.
In-large rivers or lakes, a floating sampler (Rand et al., 1975, p.
1046) is advantageous when turbidities are high and the substrates must
be exposed near the surface. In small, shallow streams or littoral
areas of lakes where turbidity is not a critical factor, substrates may
be exposed in two possible ways: (a) attach the substrates with PLASTIC
TAK adhesive to bricks ar flat rocks in the stream bed, or (b) anchor
Plexiglas racks to the bottom to hold the substrates. In areas where
the siltation is a problem, hold the substrate in a vertical position to
‘avoid a covering of silt (U.S. EPA, 1973).

QUALITY CONTROL -- The depth of exposure must be consistent for all
sampling sites.

QUALITY CONTROL -- Because of unexpected fluctuations in water levels,
currents, wave action, and the threat of vandalism, duplicate samplers
should be used (U.S. EPA, 1973).

QUALITY CONTROL -- A minimum of four replicate substrates should be
taken for each type of analysis (U.S. EPA 1973).

« After taking samples, further separations may be needed to obtain the dif-
ferent components of periphytes (e.g., algae, diatom) relatively free from
detritus and mineral matter. Sample preparation varies according to the
method of analysis; see the 14th edition of Standard Methods, Section
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1003C (Rand et al., 1975). Generally, preserve samples that are taken

for counting and identification in 5% Formalin or other suitable material.
Wetzel and Westlake (1974) suggest that Lugol's iodine (made up of 10 g
of pure iodine, 20 g of KI, 200 ml of distilled water and 20 g of glacial
acetic acid combined a few days prior to using; store the solution in dark
glass bottles; added to the samples in a 1:100 ratio) and 5% mercuric -
chloride are particularly suitable. If the material is for chlorophyll
analysis, store it at 4°C in the dark in 100 m1 of 90% agueous acetone.
Use bottle caps with a cone-shaped polyethylene seal to prevent evaporation.
Sladeckova (1962) gives detailed suggestions for the collection, preserva-
tion, and transport of periphyton on artificial substrates.

Sample Analysis

. Identification
QUALITY CONTROL -- Use all available taxonomic references for each pos-
sible composition of periphyton community: algae, fungi, protozoae,
rotifer, microcrustacea.
QUALITY CONTROL -- Consult the taxonomic authority whenever necessary.

. Counting: Sedwick-Rafter count is a universal method. The quantitative
determination of organisms on a substrate can be expressed as:

_ € x 1000 mm3 x V x DF
No. cells/mm2 = I xWxDxS <A

number of cells counted (tally)

sample volume, ml

dilution factor

length of strip, mm

width of strip (Whipple grid image width), mm
depth of a strip (S-R cell depth), mm

number of strips counted

area of substract scraped, mm?

QUALITY CONTROL -- Thorough mixing must be done by vigorous shaking prior
to counting.

QUALITY CONTROL -- If a material is too concentrated for a direct count,
a proper dilution must be made.

QUALITY CONTROL -- Avoid clumps of cells in the counting cell because
these clumps could result in inaccuracy of the count.

. Diatom proportional count: Mount diatom slides as described in Standard
Methods (see Plankton, 1002 D.3) or "Biological Field and Laboratory Meth-
ods" (U.S. EPA, 1973, page 11 in Plankton Section). Identify and count
all diatoms within the borders of the grid until 250 cells (500 halves)
are tallied.

QUALITY CONTROL -- The slides must be labelledwithall relevant information.
QUALITY CONTROL -- Use "A Guide to the Common Diatoms at Water Pollution
Surveillance System Stations" (Weber, 1971) as a basic reference.

where C
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3.2.3.2 Macrophyton--

Macrophytes are all aquatic plants possessing a multi-cellular structure
with cells differentiated into specialized tissues. Their communities range
from completely submerged stands of large algae (e.g., Chara, Cladophora),
mosses (e.g., Fontinalis), pteridophytes (e.g., Isoetes) and angiosperms
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(e.g., Elodea, Ranunculus ssp.), through stands of rooted plants with float-
ing leaves (e.g., Nymphaea) and mats of floating plants with emergent leaves
(e.g., Eichhornia, Lemna) to wetlands with plants with little except their

underground parts submerged (e.g., Equisetum, Phragmites, Rhizophotra).

As usual, there are two types of studies in relation to macrophyton:
qualitative and quantitative sampling. Before beginning a quantitative
investigation it is desirable to have a statistical design which will assist
in determining the best sampling procedure, sampling area size, and number
of samples. It is recommended that the appropriate TP (Terrestrial Produc-
tivity) techniques should be adopted (Milner and Hughes, 1968; Blackburn
et al., 1968; Edwards and Owens, 1960; Forsberg, 1959; Jervis, 1969; West-
lake, 1966; Westlake, 1968).

Due to natural phenomena, there are frequent shifts in plant population
of a particular site or location. Quality control is generally obtained
by standardizing the time of the year and accumulating data over a long
period of time. The specific quality control in sample collection, sample
preparation and sample analysis will be summarized and briefly discussed
below.

TABLE 3.2.7 SAMPLING EQUIPMENT FOR MACROPHYTES
(Westlake, 1974)

Type of Equipment Suggested Application

Scoop, diver operated Important root systems

Ekman dredge Mud; small root system

Petersen dredge Hard bottom; poor sampling
Petersen dredge, modified Hard bottom; better sampling
Cylindrical sampler Soft bottom; upright plants, small

root system

Quadrate frame sampler Soft bottom; tall plants, small

root systems

Pronged grab Luxuriant vegetation; roots from

soft bottom

EXAMPLE: MACROPHYTON

Sample Collection

« Selection of sampling site and frequency: The general aim will be to
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remove and weigh the vegetation from enough known areas to obtain

a mean biomass sufficiently accurate to show significant differences
between sampling periods and sites (Westlake, 1974).

QUALITY CONTROL -- Individual plants should be collected at each
sampling site sufficient to establish the frequency and diversity

of the population. At least four sites should be selected for each
location (U.S. Department of the Interior, 1972).

QUALITY CONTROL -- Normal statistical methods must be applied with
caution because the spatial variation is often nonrandom (Westlake, 1974).
QUALITY CONTROL -- Select the size and shape of the sampling area to
reduce the variability, e.g., large quadrates, rectangular quadrates in
contagious (clumped) communities, summed quadrates along transects
parallel to gradients (Westlake, 1974).

QUALITY CONTROL -- In stands of 1imited area care must be taken to
avold damaging the community excessively and affecting subsequent
samples (Westlake, 1974).

QUALITY CONTROL -- Avoid sampling or experiments in previously
disturbed areas (Westlake, 1974).

Sampling equipment: See Table 3.2.7.
QUALITY CONTROL -- Select appropriate gear for personnel and nature of
the survey, types of plants.

Sampling techniques: Approach the sampling areas by wading, in boats or
by diving; remove plants by hand or by sampler.

QUALITY CONTROL -- Collect base maps and detail information related to
terrain concerning the safety of personnel.

QUALITY CONTROL -- Use appropriate mode of transportation related to the
area.

QUALITY CONTROL -- Mark off areas for hand sampling with stakes and
strings if large, or quadrate frames if smaller, to avoid overlap.
QUALITY CONTROL -- Use a net set downstream of the sampling area to
collect the cut submerged plants.

Sample Preparation for Macrophytes (including washing, sorting, sub-sampling,

and drying for future analysis)

Wash in a shallow sloping trough with a jet of water (approx. 2.5 atm.)
to remove soil, epiphytes, and animals.

QUALITY CONTROL -- Be sure to wash well because the total weight of
unwanted material may exceed the weight of the plants.

QUALITY CONTROL -- Recover plant fragments by flotation by passing the
water through a 1/2-inch (approx. 12.7-mm) mesh net.

Sort into different species for productivity studies.
QUALITY CONTROL -- Requires trained and experienced personnel but no
special equipment is needed.

Preservation. .
QUALITY CONTROL -~ Small, delicate samples should be preserved in
buffered 4% Formalin solution.
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QUALITY CONTROL -- A1l other samples may be dried in a plant press and
mounted for further identification.

Record and label.
QUALITY CONTROL -- A1l necessary information must be recorded on the
label and field notebook (or data sheet).

Dry: Use a domestic spin-drier and/or general purpose laboratory oven.
QUALITY CONTROL -- Dried samples must be cooled in a desiccator and
sealed in polyethylene bags before weighing, as many samples can take up
to 10% moisture from air.

Subsample.

QUALITY CONTROL -- Random sampling process should be used.

QUALITY CONTROL -- The weed should be chopped and well mixed before
taking subsamples.

Individual specimens should be properly prepared (mounted or preserved)
and annotated with recorded data before the sample analysis begins.
Sample analysis of macrophytes includes, in general, identification,
biomass (or standing crop) and productivity. Dryweight biomass measure-
ment may be summarized as follows: A sample is taken from a small
defined area with conspicuous borders. The wet weight of material is
obtained after the plants have drained for a standard period of time.
The sample is then dried for 24 hours at 10°C and reweighed. The dry
weight of vegetation per unit area is then calculated.

Sample Analysis

Identification: Identify samples according to family, genus, and
species.

QUALITY CONTROL -- Use appropriate taxonomic texts for identification.
See reference list relevant to aquatic plants in Section 3.2.4.2.

Biomass or standing crop: See description of method just above.
QUALITY CONTROL --Balances capable of holding bulky samples, weighing up

to 5 to 10 kg of fresh weights, will be needed for samples from 1
square meter.

QUALITY CONTROL -- Balances capable of weighing up to 1 kg are most
convenient for dry weight determination.

QUALéTg CONTROL -- For consistent results, the oven must be calibrated
to 105°C.

Productivity: Use of isolated shoots for emergent macrophytes.

QUALITY CONTROL -- Never use this method for productivity of benthic
plants.

QUALITY CONTROL -- The water used for incubation needs to be taken from

the same location as the plants because of the stratification of
nutrients, temperature, etc., in many habitats.
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« Oxygen exchanges in light and dark enclosures in situ for submerged
macrophytes.

QUALITY CONTROL -- Possible sources of error in the application of the
oxygen techniques are lacunal storage of oxygen, and irregular utili-
zation of oxygen for respiration due to intermittent current stirring.
QUALITY CONTROL -- The results must be interpreted with extreme caution.

« 14C technique in situ for submerged macrophytes.
QUALITY CONTROL -- The incubation chambers are recommended to be
cylinders made of clear Plexiglass in various sizes to permit placement
in situ around different species of plants.
QUALITY CONTROL -- The volume of the chamber must be calibrated.
QUALITY CONTROL -- The rooted organs of macrophytes must be included in
the chambers.
QUALITY CONTROL -- Keep the incubation to a short mid-day period (e.g.,
from 10:00 to 14:00 hr) of four hours because evidence suggests that the
production rates of this mid-day increment are good mean values under a
majority of light and other environmental conditions.
QUALITY CONTROL -- The excretion of organic matter, i.e., carbohydrates,
during the photosynthesis by macrophytes presents a possible source of
error in the employment of the 1“C techniques.

« Chlorophyll determinations: Analyze for chlorophyll a, b, c, and d.

QUALITY CONTROL -- Ensure thorough acetone extraction by grinding or
homogenizing material.

QUALITY CONTROL -- Spectrophotometer must be adjusted and calibrated
according to manufacturer's manual at regular time intervals.

3.2.3.4 Macroinvertebrates--

The macroinvertebrates, as discussed in this section, are animals that
are large enough to be seen by the unaided eye and can be retained by a U.S.
Standard Number 30 sieve (28 meshes per inch, 0.595 mm opening). Many small
or slender individuals and early life stages of these invertebrates will pass
through the sieve and not be included. The sieve, however, is a practical
and rapid method of sorting most macroinvertebrates from their substrate.
They may be collected by various methods using equipment such as grabs (or
dredges), Surber samplers, corers, nets, seines, artificial substrates,
trawls, or other specialized samplers. A few basic requirements for field
invertebrate sampling are:

e The selection of the best sampler requires evaluation of the
physical conditions in which the sampler will be used. These
conditions include substrate type, and depth

¢ The kind of sampler selected is used consistently for a
particular area so that population characteristics may be compared

s Use more than one sampler type to obtain good representation of
the fauna which reside in natural substrates
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EXAMPLE: MACROINVERTEBRATES
Sampling Equipment/Methods

e @Grab devices. )
QUALITY CONTROL -- Understand the patchy distribution of some organisms
in nature.

QUALITY CONTROL -- Use grab sampling only for qualitative studies, i.e.,
estimate of numbers of taxa. Due to the problems in depth of pene-
tration, angle of closure, completeness of closure of the jaws and loss
of sample material during retrieval, creation of a "shock" wave and
consequent "wash-out" of near-surface organisms, and stability of the
sampler at the high-flow velocities often encountered in rivers, grab-
collected samples provide an imprecise estimate of aquatic macro-
invertebrate populations (U.S. EPA, 1973).

QUALITY CONTROL -- Collect additional samples to increase precision in
the selected method.

¢ Sieving devices.
QUALITY CONTROL -- Collect the samples from downstream to upstream.
QUALITY CONTROL -- Stand on the downstream side of a sieving device and
take replicates in an upstream or lateral direction.

* Coring devices.
QUALITY CONTROL -- Best suitable for sampling the relatively homogeneous
soft sediments of the deeper portions of lakes.

* Nets.
QUALITY CONTROL -- In the aquatic environment, place the top of the drift
nets just below the surface to lessen the chance for collection of float-
ing terrestrial insects.
QUALITY CONTROL -~ For field insects study, use sweep-net method to com-
pare populations from one area at different times, or from different
areas. Bear in mind that three major difficulties encountered in
sampling are: daily changes in the environment, differences in the
growth habits and structure of the vegetation, and differences in the
agility and tenacity of the insects (Davis and Gray, 1966).

o Artificial substrates.
QUALITY CONTROL -- Use EPA-recommended samplers (multiple-plate sampler
and rock basket sampler) for studying a macroinvertebrate community.
QUALITY CONTROL -- Caution should be exercised in the reuse of samplers
that may have been subjected to contamination by toxicants, oils, etc.
QUALITY CONTROL -- Adoption of a 6-week exposure period js provisionally
recommended as standard (Rand et al., 1975?.
UALITY CONTROL -- Unless the water is exceptionally turbid, a 1.2-meter
4-foot) depth is recommended as standard.
QUALITY CONTROL -~ Never use artificial substrates to measure the
productivity of a particular environment.

Sample Preparation
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Sieving.
QUALITY CONTROL -- Use a U.S. Standard No. 30 sieve to separate samples
collected with. conventional sampling devices.

QUALITY CONTROL -- Sieving should be done in the field immediately after
sample collection.

Preservation.

QUALITY CONTROL -- Preserve the samples in 70 percent ethanol. Do not
use Formalin. When necessary, specimens could be transferred from
alcohol to pins.

QUALITY CONTROL -- Samples are preserved immediately in plastic or glass
containers.

QUALITY CONTROL -- Rose Bengal stain at a concentration of approximately
200 mg/1 in the preservative may be used to stain the animals to aid in
sorting (Rand et al., 1975; Slack et al., 1973).

Records and labelling.
QUALITY CONTROL -- Weite all information (see Section 4.2.1.6) on water-
resistant labels with a waterproof marker.

QUALITY CONTROL -~ This information must be recorded in a permanent
record.

Sorting and subsampling.

QUALITY CONTROL -- Subsampling may be used for samples containing
excessively large numbers of organisms before sorting. But be sure that
sample is thoroughly mixed and distributed evenly over the bottom of a
shallow tray before delineation.

QUALITY CONTROL -- A11 organisms should be sorted into major categories
(i.e., insect orders, molluscs, worms) and placed in vials containing

70 percent ethanol.

QUALITY CONTROL -- A1l vials from a sample should be labelled internally
with the sorter's name and the sample identification (log) number and
kept as a unit in a suitable container until organisms are identified,
counted and the data are recorded on the bench sheets. See a typical
laboratory bench sheet in Table 3.2.8.

QUALITY CONTROL -- A check on the sorting procedure can be done by re-
examination of the sample or by aliquot analysis.

Sample Analysis

Identification.

QUALITY CONTROL -- The accuracy of identification will depend greatly on
the available taxonomic literature. See Section 3.2.4.2.

QUALITY CONTROL -~ Store identified specimens in a reference collection
for quality control checks.

QUALITY CONTROL -- Mount the whole organisms or parts thereof on glass
slides for examination at high magnification to make species identifica-
tion whenever necessary. Make proper labelling on the prepared slides.
QUALITY CONTROL -- Rear the collected insect larvae in the laboratory to
aid in identifying the difficult-to-identify species.
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Name of water body

lot No.

Collected by

Station No.

Sorted by Date collected
y * AL |DRY WCT
* | orerera L(NY pl TgtAL 2::)ucr CRUSTACEA roz
TRICHOPTERA HIRUDINEA
PLECOPTERA NEMATODA
| _EPHEMEROPTERA BIVALVIA
ODONATA CASTRO20DA
NEUROPTERA OTHER
HEMIPTERA
COLEOPTERA
! L] o

Total # of organisms
Total # of taxa

* Initials of taxonomists in this column

Total dry weight

Ash-free weight

1 L=larvae, N = nymph, P = pupae

(Weber, 1973a)

Figure 3.2.3 Laboratory bench sheet for aquatic macroinvertebrates
(Weber, 1973a).
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QUALITY CONTROL -- Identification can be checked by re-examination or by
multiple analysis.

* Biomass.
QUALITY CONTROL -- Use "ash-free dry weight" method.
QUALITY CONTROL -- Hard parts, e.g., shells, etc., can introduce errors.
QUALITY CONTROL -- Determine the wet weight with a good, calibrated
anqlﬁtica1 balance to the nearest 0.1 mg. Do the same for ash-free
weight.
QUALITY CONTROL -- Use of weight is not recommended unless it can be
equated to dry weight by determination of suitable conversion factor.
QUALITY CONTROL -- Use appropriate manuals for biomass determination,
e.g., a Manual on Methods for the Assessment of Secondary Productivity in
Fresh Waters (Edmondson and Winberg, 1971).

+ Bioassay.
QULAITY CONTROL -- See Section 3.2.4.4 and 3.2.4.5.

 Counting.
QUALITY CONTROL -- See Section 3.2.4.3, and Table 3.2.9.
QUALITY CONTROL -- Refer to Edmondson and Winberg's manual.

3.2.3.5 Fish--

Many sampling methods have been available to assess the fish populations.
The methods vary greatly in their precision and the cost-effectiveness
required to obtain information. A creel census or other catch record from
commercial and sport fisheries is useful for showing the harvestable nature
of the fish population. Other methods in which all species and sizes of
fishes in a body of water may be sampled include draining the body of water,
seining, use of chemicals, netting, trapping, or electroshocking.’

EXAMPLE: FISH

Sampling Equipment/Methods

e Catch records/recording.
QUALITY CONTROL -- Standard forms should be designed to record the
desired information.

» Seines/seining.
QUALITY CONTROL -- Cotton seines should be treated with a fungicide to
prevent decay. Nylon seines are recommended.
QUALITY CONTROL -- Seining is only effective in shallow water and is more
useful in qualitative study.

o Nets/netting (gill nets, trammel nets, etc.).
QUALITY CONTROL -- Gill nets made of multifilament or monofilament nylon
are recommended.
QUALITY CONTROL -- Replace the individual floats (usually supplied with
nets) with a float line made with a core of expanded foam and use a lead
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core leadline instead of individual lead weights to reduce net
entanglement problems. .

QUALITY CONTROL -- Gill and trammel netting are in extensive use to
sample fish populations in estuaries, lakes, reservoirs and large
rivers. When drifting gill or trammel nets are set, they require
constant surveillance.

« Traps/Trapping (Trap nets, hoop nets, fyke net, etc.). .
QUALITY. CONTROL -- Trap and hoop nets made of nylon have a longer life.
Protect cotton nets from decay by treatment.

« Trawls/trawling (fry trawl, otter trawl, etc.).

UALITY CONTROL -- The use of trawls requires experienced personnel.
8UKLITY CONTROL -- Trawls are best used to gain information on a
particular species of fish rather than to estimate the overall fish
population.

o Chemicals/chemical fishing (rotenone, antimycin, etc.).
QUALITY CONTROL -- The most widely used toxicant is rotenone.
Recommended concentrations of the 5% preparation: 0.1 ppm for sensitive
species, 0.5 ppm for most species, and 1 to 2 ppm for resistant species.
QUALITY CONTROL -- Chemical sampling is usually employed on a spot basis,
e.g., on embayment of a reservoir or a short reach of a river.
QUALITY CONTROL -- An appropriate efficient spraying equipment must be
selected to apply rotenone emulsion.

» Electroshocker (AC, DC, etc.).
QUALITY CONTROL -- Before deciding which design to use, the biologist
should carefully review the literature. See more than 30 listed
references in "Biological Field and Laboratory Methods for Measuring the
Quality of Surface Waters and Effluents" (U.S. EPA, 1973).
QUALITY CONTROL -~ The crew should wear rubber boots and electrician's
gloves and adhere strictly to safety precautions.
QUALITY CONTROL -- Electrofishing is more effective and efficient for
sampling fish population at night.
QUALITY CONTROL -- Electrofishing devices are effective in collecting
most sizes and species of fish from many different environments.

* Fish studies are usually dependent on data collected in the field and
include fish identification, weight, length and other observations. The
collected samples should be prepared as described in the following for
further studies, e.g., age, growth and condition of fish, and fish kill.

Sample Preparation

« Preservation and storage.
QUALITY CONTROL -- A 10% Formalin is usually used as a fish preservative.
Preserve fish in the field. Add 3 to 5 g borax and 50 ml glycerin per
liter of Formalin.
QUALITY CONTROL ~- Fish longer than 75 mm should be slit on the right side
of body to allow penetration of the preservative.
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QUALITY CONTROL -- For permanent preservation, specimens must be washed
in run?ing water for at least 24 hours and placed in 40 percent isopropy]l
alcohol.

QUALITY CONTROL -- Only plastic or glass containers should be used.
QUALITY CONTROL -- Samples may also be iced or placed in dry ice for
preservation.

Data Recording.

QUALITY CONTROL -- See Section 3.2.1.4.

QUALITY CONTROL -- Use the metric system for length and weight
measurements.

Sample analysis is usually done in the laboratory and after preservation
and includes identification, age, and growth determination, condition
factor, histopathology, and flesh-tainting.

Sample Analysis

Identification.

QUALITY CONTROL -- Use appropriate manuals for fish identification.
See reference list in (U.S. EPA, 1973).

QUALITY CONTROL -- Confirm questionable identification with Federal,
state and university fish taxonomists.

Age and growth.

QUALITY CONTROL -- Use appropriate personnel for age determination.
QUALITY CONTROL -- Use adequate handbook for the age and growth study.
For example, Carlander's Handbook is good for freshwater fishes
(Carlander, 1969).

QUALITY CONTROL -- Use available written computer package for the back
calculation of fishes growth history.

Condition (including natural and man-induced mortalities).
QUALITY CONTROL -- Use trained and experienced personnel.
QUALITY CONTROL -- The speed of response to fish kill is a key to success.

Counting.

QUALITY CONTROL -- See Section 3.2.4.3, and Table 3.2.8.

]UALITY CONTROL -- Use adequate handbook for fish population study, e.qg.,
Ricker's handbook is good for fish in freshwater (Ricker, 1971).

Ten)

Flesh tainting

QUALITY CONTROL -- Uniform taste quality should be assured before
exposure of test fish.

QUALITY CONTROL -- A test panel should be trained in flesh tainting and
should be given acceptable samples for comparison.

Bioassays.
QUALITY CONTROL -- See Sections 3.2.4.4 and 3.2.4.5.

Biomass.
QUALITY CONTROL -- See Section 3.2.4.6.
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QUALITY CONTROL -- Use Ricker's Handbook (Ricker, 1971).

3.2.3.6 Birds--

EXAMPLE: BIRDS

Sample Collection

Qualitative study: Both shooting and trapping techniques are used by
bird collectors for collecting qualitative specimens. A shotgun armed
with different-sized shots (e.g., Nos. 10, 6, 4, 2 and BB) is necessary
for general collecting of birds. Various traps are indicated in Table
3.2.1. ,
QUALITY CONTROL -- Use proper shooting equipment. Never use a rifle to
collect birds as the rifle bullet tears them all up.

ualitative study: Trapping is only the means for a catch-mark-recapture

CMR) study for estimating avian population. Sampling plans which are
very critical in the quantitative study of birds should include site
selection of sampling, the frequency of sampling, number of sampling units
and size of sampling plots. The size of the sampling unit (or p1ot§
depends on the size, mobility and abundance of the species. For
partridge, 100 hectares may be recommended (Petrusewicz and Macfadyen
1970). The number of sample units depends on the homogeneity of the
habitat as well as on the numbers and characters of the distribution of
birds in it. In a normal heterogeneous habitat, an average of 5 to 10
sampling units is usually adequately representative. In an unknown
habitat a larger number is recommended (Petrusewicz and Macfadyen, 1970).
QUALITY CONTROL -- The project supervisor should consult a statistician
for a final decision on a formal sampling plan. The complete review
of historical information on areas and species studies would be greatly
helpful.
QUALITY CONTROL -- Use appropriate means for catch-mark-recapture (CMR)
study.
QUALITY CONTROL -- Trap sites, marked birds and other pertinent
information should be récorded permanently. A1l entries should be in
carbon ink.

Sample Preparation

Skinning and Mounting: Anderson (1964) has discussed these techniques in
Chapter IV, Collecting and Skinning Birds of his book entitled, "Methods
of Collecting and Preserving Vertebrate Animals."” ‘

QUALITY CONTROL -~ No samples or specimens will be analyzed without
proper identification labels.

QUALITY CONTROL -~ There must be a capture sheet for every bird.

QUALITY CONTROL -- Avoid the use of abbreviations and laboratory jargon;
in ten years or less they may be difficult to be understood.
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* Preservation: Alcohol and formaldehyde are two commonly used liquid
preservatives for preserving soft parts of birds, stomach contents, and
bird droppings. A mixture of powdered arsenic and powdered arsenic plus
borax (in about equal proportions by volume) is the most satisfactory
preservative for the birds' skins.

QUALITY CONTROL -- If laparotomy is carried out, laparotomy sheets
including sex, band number, the date and time of laparotomy, name of
operation, etc., must be completed and filed permanently.

» Labelling: Label all prepared specimens with the pertinent information,
e.g., identification number, location and date of collection, etc., in
accordance with the pertinent record.

Sample Storage

* Deepfreeze or refrigerate the samples which are delayed for preparation
or analyses.

QUALITY CONTROL -- No samples should be delayed for further analyses,
e.g.,chemical residue analysis in the laboratory.

» Fumigate the skinned and stuffed birds for long-term storage. DDT or
moth balls can be used as fumigants.

QUALITY CONTROL -- A1l skinned, or preserved specimens should be stored
with labels for permanent records.

Sample Analysis

o .Identification: Identify all specimens to species level whenever
possible. '
QUALITY CONTROL -- Be exact in identification with available taxonomic

references. Refer to an authority for identification of questionable
birds.

o Number of Birds: The methoks of studying bird populations are greatly
varied depending on the species studied, the habitat, technical means,
time and money available. Table 3.2.8 shows the various methods that
have been used by wildlife biologists. Two of the most familiar
methods are direct count and mark-and-recapture study.

QUALITY CONTROL -- Good eyes of the individual making count, and a good
pair of binoculars are essential in estimating bird population.
QUALITY CONTROL -- If a sample census is used, a census datum should be
accompanied by a clear statement of constraints and definitions under
which it was collected and by a critical evaluation of its accuracy.

e Weight and Biomass: Obtain individual bird weight by weighing a repre-
sentative number of birds and calculating average (X). Measure biomass
by adding up the weights of all birds or calculate by multiplying the
average ?X) by numbers estimated (N).

QUALITY CONTROL - Choose the individuals that represent either classes

or a succession of known time intervals in the history of their
population.
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QUALITY CONTROL -- The accuracy of biomass measurement is dependent
completely on the accuracy of determinations of numbers and of weighing.

Bioassay. See Section 3.2.4.4 and 3.2.4.5.

3.2.3.7 Mammals--

EXAMPLE: MAMMALS

Sample Collection

Qualitative study: The larger mammals are almost invariably taken by
shooting, and some of the smaller species, such as rabbits and squirrels,
are more often shot than trapped. A shotgun is indispensable for

general collecting of mammals, too. A double-barrelled gun is pre-
ferable, and shells loaded with different size shots, Nos. 10, 6, 4,

2, and BB.

QUALITY CONTROL -- Use appropriate shooting equipment for collecting
mammal specimens. For example, the rifle is not ideal for collecting
the smaller mammals as the rifle bullet tears them up too much.

Quantitative study: Trapping is more often used for mark-and-recapture
studies to estimate animal population. Traps used by collectors vary
with animals to be trapped and collecting individuals. See Table 3.2.1.
Sampling plans are a must in the quantitative study of mammals. The
plans, as usual, include sampling frequency, sampling site selection,
number of sampling units and size of sampling plots. The first two
elements depend heavily on the objective of the study. The size of the
sample unit depends on the size, mobility, and abundance of the species.
For small mammals, 2 to 6 hectares may be recommended, and for hares
and deer, 100 hectares (Petrusewicz and Macfadyen, 1970). The number
of sample units depends mainly on the homogeneity of the habitat as well
as on the numbers and character of the distribution of animals in it.

In a habitat of normal heterogeneity, an average of 5 to 10 sampling
units is usually adequately representative. In an unknown habitat a
larger number is recommended (Petrusewicz and MacFayden, 1970).

QUALITY CONTROL -- Trap sites and other records must be noted in
permanent notebook.

QUALITY CONTROL -- Use appropriate traps for various sizes of animals
and their habitats.

ggALITY CONTROL -- Consult statisticians to adopt a formal sampling
plan.

Sample Preparation

Sample labelling. Label all prepared samples with necessary information
on waterproof paper and in waterproof ink.

QUALITY CONTROL -- Specimens should always be fully labelled at the time
they are prepared, as a specimen without an authentic record has no
scientific value.
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TABLE 3.2.8 THE METHODS FREQUENTLY USED BY WILDLIFE BIOLOGISTS
FOR ESTIMATING NUMBER OF ANIMALS IN THE FIELD

Methods involving direct counts of animals:

Territory-Mapping methods

Drive counts

Temporal censuses

Extermination or total capture

Sample censuses

Pseudo sample censuses (e.g., The Kind Method, Frye's strip census,
time-area counts, etc.)

Methods involving animal signs and related objects:

Auditory index
Pellet counts
Miscellaneous indices (e.g., counts of leaf nests for squirrels)

Methods involving marked animals:

Petersen or Lincoln Index

The Schnabel Method

Jolly's Method for multiple recapture experiments

The Frequency of Capture Method

Miscellaneous methods (e.g., Schumacher-Eschmeyer Method)

Methods involving "reduction" of population size and rate of "capture":

The Graphical Solution
The Leslie Method
DeLury's Method

Method of selective reduction or increase (Dichotomy method or the change in
composition method) (Overtom, 1971):

Age and sex determinations, birth and death rates, etc. See "Criteria of
Sex and Age" by Taber (1971), and "Population Analysis" by Eberhardt
(1971). The former article describes explicitly the techniques of de-
termining sex and age of birds and mammals while the latter article
directs the wildlife biologists how to estimate the survival and re-
cruitment rate, to analyze population structure, and to predict popula-
tion size and trends. For these determinations, the following QUALITY
CONTROL measures must be used:

All bird specimens should have the sex verified by dissection.
Use trained and experienced personnel.

Use available computer packages for analyzing complex, dynamic bird
populations. See "Using Computers in Wildlife Management" by Adams, in
Giles (1971).

Follow standard procedures for weighing and preserving avian gonads
used by Avian Physiology Laboratory, Fish and Wildlife Service.
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Skinning and Preservation. See Chapter III, Skinning Mammals of "Methods
of Collecting and Preserving Vertebrate Animals" (Anderson, 1964) for
full details. The prepared skins, whole animals and any parts of animals
can be preserved by recommended techniques described in Table 3.2.2. A
mixture, in about equal proportions by volume, of powdered arsenic and
powdered borax is the most satisfactory preservative for the skins of
small mammals. Alcohol and Formalin (formaldehyde) are most commonly
used for preserving entire specimens or any soft parts of animals,
stomach contents, droppings, etc.

QUALITY CONTROL -- Use proper preservatives in right concentrations for
various animals or animal parts.

Sample Storage

Fumigate the skinned and stuffed animals when storing with naphthaline
flakes, moth-balls or insecticides (e.g. DDT).

QUALITY CONTROL -- Store all specimens with labels for permanent
records.

Deepfreezing or refrigerating of some samples is recommended.

Sample Analysis

Identification: Identify all specimens to species level whenever
possible. :

QUALITY CONTROL -- Use all available references for exact identification
and consult the proper authority, e.g., museum curators for unidentifiable
animals.

Number of mammals: The methods of determining population size are many
and greatly varied, depending on the qualities of the species studied,
the habitat, and technical means and time available. Main categories of
methodology are total count, sample counts, catch-mark-recapture (CMR)
methods, and many other specialized methods. See Table 3.2.8 for a

list of methods that are described in details by Overton (1971).

QUALITY CONTROL - If a "total census" is used, there is no question of
variance or confidence limits in the sampling sense. If not, a census
datum should be accompanied by an explicit statement of constraints and
definitions under which it was collected and by a critical evaluation
of its accuracy.

QUALITY CONTROL -- Use the "census" methods in consistent ways through-
out the study period.

QUALITY CONTROL -- Personnel who count animals should have good eyes and
be equipped with a good pair of binoculars.

Weight and Biomass: Individual weights are obtained by collectively
weighing a representative number of animals and calculating the average
(X). Biomass can either be measured by summing up the weights of all
animals or calculated by multiplying the average individual weights (X)
obtained at a census by numbers (total estimated population, N).

QUALITY CONTROL -- Individuals should be chosen to represent either age
classes or a succession of known time intervals in the history of their
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population.

QUALITY CONTROL -- The accuracy of biomass estimates depends
principally on the accuracy of determinations of numbers and of
weighing.

Population analysis including age and sex composition, birth and death
rates, and numerical abundance. Taber (1971) has described clearly and
in detail the criteria of age and sex for birds and mammals and the ways
of determining their sex and age. For other elements of population
analysis, see Eberhardt's (1971) article, "Population Analysis" that
instructs wildlife managers how to estimate the rate of survival and the
rate of recruitment, to analyze population structure and finally to
predict population size and trends.

QUALITY CONTROL -- Use trained and experienced personnel.

QUALITY CONTROL -- Use available computer packages for studying complex,
dynamic wildlife populations. See Adams on "Using Computers in Wild-
1ife Management" in Giles (1971).

Bioassays. See Sections 3.2.4.4., 3.2.4.5., and 3.3.

.3.8 Plants——

The following example which is in part derived from "Taxonomy of
Vascular Plants'" (Lawrence, 1951), includes sample collection, sample
preparation, sample preservation and sample analysis, with respect to
quality control.

EXAMPLE: PLANTS

Sample Collection

Certain items of equipment are indispensable to plant collecting, particu-
larly a collecting pick (for digging up rhizomes, deep-seated bulbs or
corms, and the roots of most herbaceous plants), a strong knife or a
machete, and a pair of pruning shears (for cutting woody material to
pressing size). Besides, a garden rake or potato digger is useful in
collecting submerged aquatic plants. '

QUALITY CONTROL -- Use standard collecting equipment. Most required
collecting equipment is available from biological supply houses.

QUALITY CONTROL -- Use one method consistently through the study period.

Basically, there are three major ways to handle freshly collected plant
material. The first, and most satisfactory method, is to press each
plant as it is collected. Secondly, the plant materials are accumulated
in a metal collecting can or vasculum. The third method, used more in the
tropical rain forests than in temperate regions, is to carry collected
specimens in a rucksack.

QUALITY CONTROL -- Plants should be pressed or processed as soon as
possible.
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Preparation of Specimens

Pressing: Conventionally, most presses comprise a pair of wood or metal
frames, blotters, pressing papers, and straps or strong cord. The .
specimen to be pressed is arranged within the folded sheet of pressing
paper that has been placed on a blotter, and another sheet is placed over
it. If the plants are to be dried with aid of artificial heat, a sheet of
corrugated material (ventilator) is used between each pressing paper and
its specimen, otherwise no corrugates are used and the press is built up
by an alternation of blotter-pressing paper-blotter, and so on. The
press frames are on the top and bottom of the press, and it is then
"locked up" by means of straps or stout cord.

QUALITY CONTROL -- Select specimens that are free from evidence of insect
feeding, rust infections, and other obvious pathological symptoms.
QUALITY CONTROL -- Avoid depauperate individuals.

QUALITY CONTROL -- Ensure that the specimen is either in flowering or
fruiting condition.

QUALITY CONTROL -- When an herbaceous specimen is collected, always in-
clude enough of the underground parts to show their character.

Keeping wet material without its spoiling is a problem faced by
collectors working in tropical regions, or under emergency situations
when adequate drying facilities are lacking. Two techniques have been
demonstrated as useful in these cases, but the results are inferior to
those from the usual method of processing. In either case, the objective
is to keep the material from decomposing after it has been collected and
arranged in pressing papers, until such time as it can be dried by normal
procedures. These two techniques are use of a solution of two parts of
concentrated formaldehyde (40%) and three parts water, or use of a
solution of one part of formaldehyde and two parts of 70 percent alcohol
for temporary preservation of plant specimens before drying.

Drying: There are two types of drying techniques: those accomplished
without heat and those with the aid of artificial heat.

QUALITY CONTROL -- No corrugate should be employed when using the drying
technique without heat.

QUALITY CONTROL -- Either technique can produce specimens of poor quality
and because the drying process is much accelerated when heat is used
greater care must be exercised during all its stages to produce quality
specimens.

Mounting: Usually specimens are mounted on sheets of standard size
herbarium paper (11% by 16% inches). After mounting, they are stored

in special cases built to fit sheets of this size. Herbarium papers in
a selection of qualities are available from biological supply sources.
Mounting is accomplished by the use of glue or paste, the use of

adhesive linens, or the combination of both. There are three techniques
most commonly used in mounting specimens with paste or glue. The first
technique, the glass plate method, requires the use of a piece of plate
glass at least 14 by 20 inches. The paste is spread thinly over most of
the surface with a brush. The specimen is removed from the pressing sheet
and placed face upward on the prepared plate, with all parts of the lower
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side in contact with paste. It is then transferred carefully to the
sheet of mounting paper. A pressing sheet of newsprint is placed over
the specimen, pressed firmly, and taken off and discarded. Reapply fresh
paste on the plate for each mounting. The second technique requires no
glass plate. The paste is brushed directly on major protions of the
specimen. The third technique is designed for mounting specimens with
very light weight and thin texture. The specimen is laid, lower side
uppermost, on a piece of cheesecloth, sprayed with a diluted solution of
paste by means of an atomizer, and then flipped over onto the sheet of
herbarium paper.

QUALITY CONTROL -- Use the longest-lasting and most durable paper for
permanent museum collections.

QUALITY CONTROL -- Use special "A" Tin Paste and Improved Process Glue.
Both products can be kept indefinitely when covered, and require no
thinning or heating before use.

QUALITY CONTROL -- The glass plate should be kept clean for each mounting,
and washed and set to dry after each mounting period.

Labelling: For all specimens, whether pressed and mounted, preserved, or
stored, herbarium labels are an essential part of its permanent preser-
vation. The purpose of the label is to provide the user with pertinent
information in relation to specimen.

QUALITY CONTROL -- The label should be large enough to accomodate the

data to be placed on it.

QUALITY CONTROL -- Under no circumstances should a label be so large as to
require folding.

QUALITY CONTROL -- Data on labels should be typed. Data written on labels
in longhand are always acceptable, but must be legible.

Storing of fresh plant material for residual analysis of pesticides or
other chemical substances.
QUALITY CONTROL -- Use proper refrigeration equipment for storage.

Sample Preservation

The preservation of herbarium collections from insect damages is
accomplished most effectively by insecticides used in herbarium manage-
ment including cyanide gas, paradichlorobenzene, carbon tetrachloride, or
DDT. The two principal repellents used are naphthalene compounds and
paradichlorobenzene.

QUALITY CONTROL -- Use preservatives properly and cautiously.

QUALITY CONTROL -- If 1iquid preservation is used, the plant material
should be photographed in sufficient detail to show the form and such
other significant details as may otherwise be lost.

The preservation of juicy materials include the use of formaldehyde (5%),
alcohol (70%), or aqueous hydroxyquinoline sulfate (1-2%).

Quick-freezing techniques are also used for quantitative samples.
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Sample Analysis

» Qualitative analysis: Identify the prepared plant specimens to the
species level.
QUALITY CONTROL -- Use available taxonomic references in relation to
geographical flora.
QUALITY CONTROL -- Use type specimens and consult experienced taxonomists
for accurate identification.

e Productivity
QUALITY CONTROL -- See Section 3.2.4.4 and 3.2.3.3.

3.2.4 Functional Tests

3.2.4.1 Culturing--

The objective of the culturing of organisms is to provide healthy
organisms, i.e., disease~free and toxicant-free, for bioassays.

Assuming that organisms are transported under favorable conditions, stress-
free, uncrowded and at favorable temperatures, from the field to the labora-
tory, these field-collected organisms must still be held in quarantine for at
least seven days for observation for parasites and disease in order to avoid
the transfer of such infections to the laboratory culturing tanks or living
quarters. During this period, the organisms can recover from the stresses
arising from treatment for disease or parasites during transit or upon arrival
in the laboratory. Moreover, a sample of individuals can be used to determine
if they have accumulated potential toxicants in their body tissue. This
check becomes extremely necessary and crucial because toxicant-contaminated
organisms, e.g., fish, are always more resistant if such toxicant is also
used as a test substance.

During the quarantine period, the folloewing quality assurance procedures
must be carried out to ensure healthy organisms for biloassays:

e Organisms should be fed daily

e (rowding should be avoided

» Dead and abnormal organisms must be discarded. If the mortality
is more than 10%, due to stress, parasites or diseases, destroy
the lot. Clean and sterilize all affected containers and equip-
ment, and collect another supply of organisms from a new area, if
possible (Rand et al., 1975)

e Organisms should be observed carefully for unhealthy signs and
closely attended by experienced personnel

Other important items that must be taken into consideration are:
* Laboratory animal management must be adequate. Adequate manage-~
ment, e.g., housing and care, permits animals to grow, mature,

reproduce, or behave normally, and to be maintained in physical
comfort and good health
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e Personnel should be well trained and experienced and must care
about the welfare of animals

e Animal facilities should be well designed and properly maintained.
For example, the water supplies, freshwater or marine, are essential
to assuring the success of rearing aquatic organisms

Culturing procedures and attendant quality control procedures for a number
of organisms frequently used in bioassay follow.

e Phytoplankton, including freshwater and estuarine or marine algae

References: Rand et al. (1975), pp. 697-703; U.S. EPA (1976b)
pp. 19-25.

Quality Control:

o Proper adjus 1ent of nutrient concentrations, pH, light intensity,
and temperatures are essential prerequisites for the successful cultivation
of algae.

o Sterilization must be done on the culturing utensils when pre-
paring culturing media and whenever the algae are transferred.

o Use proper references that illustrate the instructions for the
cultivation of the respective algae.

o Use available pure cultures from culture collections all over the
nation or world. See Table 3.2.10.

e Protozoa, e.g., Tetrahymena pyriformis

Reference: Rand et al. (1975), pp. 759-760.
Quality Control:

o Use standard bacteriological techniques to prepare and autoclave
culture media and to t nsfer axenic cultures of T. pyriformis.

o Use available standard cultures. See Table 3.2.10.

o0 Maintain stock cultures at 2610.5°C in a suitable incubator, i.e.,

Revco Model IB-1650 from Revco, Inc., Scientific Industrial Division, 1100
Memorial Drive, West Columbia, S.C. 29169.

*» Preshwater cladocerans, Daphnia

References: Rand et al. (1975), pp. 763-764; Needham et al. (1937);
Parker and Dewey (1969).

Quality Control:

o Use an appropriate culture medium for Daphnia culturing, e.g.,
manure-soil, a medium developed by Banta and modified by Anderson (1964).

0 Once the cultures are initiated, the culture medium need not be
changed.

o When the stock Daphnia reach old age and the reproductive rate
drops, replace them with young females in .fresh media.
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e Marine copepod, Acartia tonsa

References: Rand et al. (1975), pp. 768-772; U.S. EPA (1976b);
Heinle (1969); Mullin and Brooks (1967); Zillioux and
Wilson (1966).

Quality Control:

o Use an appropriate diet and proper concentrations of diet for
various stages of copepod.

o Use a generation cage that allows the eggs to pass through the net
and hatch, eliminating the possibility of cannibalism by adults.

¢ Crustaceans, including grass shrimp, blue crabs, etc.

References: Rand et al. (1975), pp. 795-806; Hughes et al. (1974);

Spotte (1970); Smith et al. (1974); Cook (1967); Mock
(1974); U.S. EPA (1976b).

Quality Control:

o Use a favorable water supply .and accomplish the control of
competitors, predators and disease through filtration and sterilization by
ultraviolet light treatment.

o Handle the test subjects carefully and as little as possible.

0 Avoid cannibalism by holding young stages of crayfish in separate
compartments.

o Routinely clean the sides and bottoms of compartments to remove
organic material, growth, and wastes.

o Feed the newly hatched nauplii of brine shrimp, Artemia salina to
the lobster larva to avoid cannibalism and to decrease the possibility of
developmental variability.

o Control the essential envirommental factors such as DO, temperature,
and salinity as precisely as possible.

o The chelipeds of grass shrimps must be removed with fine surgical
scissors to prevent removal of eggs by the females.

o The crustacean larvae should be removed from containers containing
ovigerous females each morning and mixed together to insure uniformity of
test animals.

e Larvae of aquatic insects, including those of stoneflies, mayflies,
caddisflies, and Diptera.

References: Rand et al. (1975), pp. 829-830; Fremling (1967);
Prater and Anderson (1976).

Quality Control:
o All insects collected must be examined for injuries before rearing
in the laboratory.
o Avoid overfeeding which will cause DO difficulties.
o Supply suitable substrates for various insects, e.g., highly
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organic ooze for chironomids.

o Keep the water temperature under control for nymphal growth, e.g.,
the maintenance of temperature at 14° to 17 C for limited nymphal growth of
mayflies.

o If dechlorinated, deionized tapwater is used, the water need never
be drained and changed.

o To reduce the amount of turbidity, the charcoal filters should be

flushed clean on a monthly basis and the charcoal replaced on a semi annual
basis.

* Mollusks, such as oysters, clams, scallops and mussels

References( Rand et al. (1975), pp. 836-839; Loosanoff and Davis
(1963); Castagna and Duggan (1971).

Quality Control:

o Provide an abundant water supply rich in planktonic food organisms.

o Clean regularly the intake pipe and the water system to insure
that growth of fouling organisms in the pipes does not remove plankton
organisms before the water reaches the holding tank.

o Clean accumulated feces and silt from the holding tray at least
once a week, preferably twice a week.

o Thermal conditioning, e.g,, induced spawning for scallops by
raising the water temperature to 27 to 30 C, should be well controlled.
Discard females once they have spawned.

e Fish

References: Rand et al. (1975), pp. 846-847, 849-853, 869-870;
National Academy of Sciences (1973); Stalnaker and
Gresswell (1974); Carlson and Hale (1972); Hokanson
et al. (1973); McCormick et al. (1972); Siefert (1972);
May (1970); Hirano and Oshima (1963); Hansen and Parrish

(1977) ; Middaugh and Dean (1974); Middaugh and Lempesis
(1976) .

Quality Control:

o Limit the possibility of injuring fish during collection in the

field. For example, the loss of some fish scales may cause disease problems
raising fish mortality.

o Always avoid rearing fish in unusually high densities in the
laboratory because disease becomes a very important factor that can alter
bioassay results or even nullify bioassays by killing the test subjects after
they are weakened by the stress of the test substance or condition under study.

o Parasites and diseases must be controlled in order to get reliable
bioassay results. Prevention of disease is preferred.

* Animals, including birds and mammals
References: 'y.S, DHEW, 1974"
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Quality Control:

TABLE 3.

o Provide adequate veterinary care.

0o Insure proper quarantine and isolation of animals.

o Be sure of absolute separation by species.

o Appropriate diagnosis, treatment, and control of diseases.

2.9 MAJOR SOURCES OF STANDARD, PURE OR TYPE CULTURE COLLECTIONS FOR

ALGAE AND PROTOZOA

Organisms Source of Culture Collection
Algae (1) Graduate School of Oceanography, University of Rhode
Island, Narragansett, Rhode Island, U.S.A.
(2) Department of Botany, University of Indiana, Bloomington,
Indiana, U.S.A.
(3) Eutrophication Research Program, Pacific Northwest
Environmental Research Laboratory, 200 S.W. 35th Street,
Corvallis, Oregon 97330, U.S.A.
(4) Virginia Institute of Marine Science, Gloucester Point,
Virginia 23062, U.S.A.
(5) Chesapeake Biological Laboratory, Box 38, Solomons,
Maryland 20688, U.S.A.
(6) Dr. Robert Guillard, Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts, U.S.A.
(7) The Institute of Applied Microbiology, University of
Tokyo, Bunkyo-ku, Tokyo, Japan
(8) The Botany School of the University of Cambridge, Downing
Street, Cambridge, Great Britian
(9) Department of Botany, The Hebrew University of Jerusalem,
Algal Laboratory, Jerusalem, Israel
(10) Sammlung von Algenkulturen des Pflanzenphysiologischen
Instituts, Universitat GBttingen, Nikolansberger Weg 18,
34 GBttingen, Germany
(11) Czechoslovak Academy of Sciences, Vinicha 5, Praha 2,
Czechoslovakia
Protozoa (1) The American Type Culture Collection (ATCC), 12301 Park-
lawn Drive, Rockville, Maryland 20852, U.S.A.
(2) The Botany School of the University of Cambridge,
Downing Street, Cambridge, Great Britian
(3) Czechoslovak Academy of Sciences, Vinicha 5, Praha 2,

Czechoslovakia
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3.2.4.2 Identification--

The published taxonomic works on organisms are comprehensive in scope and
to list them here, even in condensed form for one specific organism, is not
feasible. A reference list for the identification of the following aquatic
organisms is given in "Biological Field and Laboratory Methods for Measuring
the Quality of Surface Waters and Effluents" (U.S. EPA, 1973):

Organisms Page No. of Section
Phytoplankton 7, 8 PLANKTON
Zooplankton 12 PLANKTON
Periphyton 3 PERIPHYTON
Macrophyton 3 MACROPHYTON
Macroinvertebrates MACROINVERTEBRATES

Coleoptera 33
Diptera 34
Crustacea 34
Ephemeroptera 35
Hemiptera 36
Hirudinea 36
Hydracarina 36
Lepidoptera 36
Megaloptera 36
Mollusca 36
Odonata 37
Oligochaeta 37
Plecoptera 37
Trichoptera 37
Marine macroin-
vertebrates
Fish 16-18 FISH

In Section 3.2.7 is a bibliography which includes other organisms than
those just mentioned and lists books, manuals or reports most frequently
used in laboratories in the scientific community in which studies on
organisms are in progress. This bibliography is organized in general
taxonomic orders, i.e.:

Virus Amphibia

Fungi Reptilia
Bacteria and Actinomycetes Birds

Protozoa Mammals

Other Microinvertebrates Plants

Fish Aquatic Plants

The U.S. Environmental Protection Agency has prepared many identification
manuals for selected organisms. For example, 11 identification manuals for
aquatic macroinvertebrates have been prepared in the Agency's series, "Biota"
of Freshwater Ecology Systems" since the Agency's establishment (U.S. EPA
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1976c). These are:

No. 1. Freshwater Planarians (Turbellaria) of North America

No. 2. The Genus Argulus (Crustacea: Branchiura) of the United States

No. 3. Freshwater Spaericean clams (Mollusca: Pelecypoda) of North
America

No. 4. Freshwater Polychetes (Annelida) of North America

No. 5. Freshwater Amphipod Crustaceans (Gammaridea) of North America

No. 6. Aquatic Dryopoid Beetles (Coleoptera) of the United States

No. 7. Freshwater Isopoda (Asellidae) of North America

No. 8. Leeches (Annelida: Hirudinae) of North America

No. 9. Crayfishes (Astacidae) of North and Middle America, 1972

No. 10. Genera of Freshwater Nematodes (Nematode) of Eastern North
America

No. 11. Freshwater Unionacean Clams (Mollusca = Pelecypoda) of North
America.

They may be obtained without cost from the Aquatic Biology Section,
Biological Methods Branch, Environmental Monitoring and Support Laboratory,
U.S. Environmental Protection Agency, Cincinnati, Ohio 45268.

According to EPA's Newsletter of Analytical Quality Control (April 1977,
No. 33) the following identification manuals are being prepared by various
taxonomic authorities:

+
e A key for the identification of 300 taxa of freshwater gastropods
found in the North America (John B. Burch, Mollusk Division, Museum of
Zoology, The University of Michigan, Ann Arbor, Michigan)

e A key to the identification of the common species of rotifers and
a summary of their envirommental requirements and pollution tolerance
(John Gannon, University of Michigan Biological Station, Douglas Lake,
Michigan)

e The classification, geographical distribution and ecology of the
mussels of the United States (U.S. Environmental Protection Agency
and Tennessee Valley Authority)

The availability of taxonomic references at the bench, and the skill and
the systematic knowledge of the biologist, will determine the data quality
resulting from identification efforts. No single biologist masters readily
the sophisticated classification of living organisms, even an order of Insecta,
e.g., Diptera. No single reference is completely appropriate for the Order
Diptera. However, to ensure the validity and integrity of data in
identifying organisms the biologist must be sure to do the following:

Consult with appropriate experts for good, adequate bench references
Use the available EPA identification manuals

Develop and use a reference specimen collection (Weber, 1975)

Utilize "outside" experts to solve difficult problems in specimen
identification (Weber, 1975)

o Access the EPA "BIO-STORET" to verify the identification (Weber, 1976;

169



Nacht and Weber, 1976)
. Adopt computer data storage and retrieval system similar to

"BIO-STORET" for geographical regions, e.g., Master Species
for New England States

3.2.4.3 Counting--

The many and diverse schemes for counting numbers of organisms, that is,
estimation of population size (numbers and density) fill a voluminous
literature. THese methods have been briefly discussed and referenced by
organism in Section 3.2.3.

The goal of population estimation appears to be twofold. First of all,
one wishes to obtain the best possible estimates commensurate with the
objectives of the study and the time, money, and personnel available. It is
also desired to be able to make a statement about the precision of the
estimate, i.e., how well the assumptions are met and the influence of sampling
error. Overton (1971) gives considerable attention to the problems of
collecting concomitant information to be used in validating assumptionms,
modifying the estimator if assumptions are ill-founded, and evaluating
variances and confidence limits.

The quality control of counting includes the following activities:

e Apply a formal sampling plan. Count at least two samples. Use
randomization in sample selection. Samples must be labelled with identifi-
cation number and other related information when they arrive at the laboratory

e Train and organize personnel for quality. The same individual should
be assigned to count the number of organisms throughout the study to
optimize consistency of results

e Use the '"total census'" method whenever possible, to eliminate
sampling errors. When other census methods are used, use them consistently
throughout study period and compare the results from different methods.
Each set of data should be accompanied by an explicit statement of
constraints and definitions under which it is collected and by a critical
evaluation of its "precision and accuracy"

e Utilize available automated counting equipment (counters) for
counting of microorganisms

» Establish regular audits of performance in the field and laboratory
¢ Sign and witness all the data collected and all calculationms
3.2.4.4 Biomass/Productivity--

Productivity and biomass should not be confused. Biomass is the
summation of the weights of all individual organisms measured at a given
time, while productivity is ''rate of production". To avoid confusion, the
time interval, e.g., year, month, etc., should be always stated when speaking
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of productivity.

The definition of productivity has been elaborated upon by Odum (1971)
as follows:

* Primary productivity. The rate at which radiant energy is stored
by photosynthethic and chemosynthetic activity of producer organisms (chiefly
green plants) in the form of organic substances which can be used as food
materials.

* Gross primary productivity. The total rate of photosynthesis, in-
cluding the organic matter used up in respiration during the measurement
period. This is also known as '"total photosynthesis" or 'total assimilation.

e Net primary productivity. The rate of storage of organic matter in
plant tissues in excess of the respiratory utilization by the plants during
the period of measurement. This is also called "apparent photosynthesis"
or "net assimilation".

e Net community productivity. The rate of storage of organic matter
not used by heterotrophs (net primary production - heterotrophic consumption)
during the growing season.

e Secondary productivities. The rate of energy storage at consumption
levels.

Methods for measuring productivity are summarized in Table 3.2.10.
3.2.4.5. Physical Characteristics of the Environment--

The principal physical characteristics of the environment that are of
interest are temperature, color, turbidity (or suspended solids), oil and
grease and airborne particulates. Water temperature is among the more
important of these characteristics because:

e The water covers a major part of the earth. The life associated
with the water environment has its species composition and activity regulated
by water temperature. Essentially all of the organisms are '"cold-blooded"
or poikilotherms. The temperature of the water regulates their metabolism
and their ability to survive and reproduce effectively.

¢ Industrial uses by man for process water and for cooling are likewise
regulated by the temperature of the water. According to a report by the
Federal Water Pollution Control Administration (1967), "Temperature, a
catalyst, a depressant, an activator, a restrictor, a stimulator, a killer,
is one of the most important and most influential water quality characteris-
tics to life in water.”

Standard experimental protocols for testing physical characteristics in
the field do not appear to have been developed: Nakatani (1969) believes
that '"the best practical method to investigate the effects of elevated
temperatures on salmon or other desirable species in the Columbia River is
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TABLE 3.2,10 METHODS FOR MEASURING PRODUCTIVITY

Methods

Uses Quality Control

Harvest method

Oxygen measurement
e.g., "dark-and-light"
bottle method, di-
urnal curve
method

Carbon dioxide method
e.g., enclosure
method

Terrestrial plants such as: This method can only be used in situations in which

Cultivated crops, e.g., herbivore animals are not important and in which
wheat, corn, rice, a steady-state condition is never reached.

Noncultivated ragweed Since food used by the plants themselves and asso-
field, or where plants are ciated microorganisms and animals is not included,
little consumed until this method always measures net community pro-

growth has been completed, duction,
Young forests or crop-like

forest plantations,
Cattle range (expressed in

terms of the number of

cattle that can be sup-

ported by so many acres),

Phytoplankton, macrophyton "Dark-and-light' bottle method must be limited to
in freshwater ecosystems a short duration, e,g.,, one 24-hour cycle or less.
and in marine ecosystems, The combination dark-and-light bottles measure

primary production, and the light bottle measures
net community production.

The use of large plastic spheres instead of bottles
reduces the inner surface~to-volume ratio and is
presumed to reduce the effect of surface bacterial
growth,

The "diurnal curve" method is particularly appli-
cable to streams or estuaries and is especially
useful in dealing with polluted waters, It meas-
ures gross primary production. Reasonable cor-
rections should be made for a source of errors in-
troduced by diffusion, if any.

Terrestrial plant com- Equivalent to the aquatic “dark<and<light" bottle
munities, such as method, enclosure method measures gross and net
crops, grasslands, etc, primary production, Refrigerating or air

(continued)



E€LT

TABLE 3.1.10 (Continued)

Methods

Uses

Quality Control

Radioactive methods
(1%c, 32P are used)

pH method

Aquatic plants, phyto-
plankton.

Aquatic ecosystems,
laboratory
micro-ecosystems,

conditioning the chamber often becomes necessary
if measurements are to extend over an appreciable
period of time.

As in the diurnal curve method, the accuracy of
the aerodynamic method depends on the accuracy of
the corrections that must be made for mass move-
ments of air and for gas evolution from soil that
may contain CO;, which is not a product of metabo-
lism during the period of measurement. Use of
remote sensing and continuous monitoring tech-
niques should increase the validity and integrity
of data.

The !*C method is one of the most sensitive and
widely used methods for measurin§ aquatic plant
production (radioactive carbon [ “Ca added as
carbonate).

Use precisely and adequately calibrated radioactive
counting device.

Trained, experienced personnel should be assigned
on the control and handling of radiocactive mate-
rial

The investigator must first prepare a calibration
curve for the water in the particular system to
be studied because (1) pH and CO; content are not
linearly related, and (2) the degree of pH change
per unit of CO, change depends on the buffering
capacity of the water, See Beyers, et al,, 1963,
Publ, Inst. Mar. Sci. Univ. Texas 9:454-489, and
Beyers, 1964, Amer, Bio. Teacher 26:491-498 for
the details of a pH calibration curve.

Use precise instrumentation of remote sensing and
continuous monitoring techniques.

(continued)
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TABLE 3,2.10

(Continued)

Methods

Uses

Quality Control

Disappearance of
raw materials such
as phosphorus and
nitrogen

Chlorophyll method

Marine phytoplankton.

Aquatic communities,

such as phytoplankton,
macrophyton, and terres-
trial communities.

This method measures the net productivity of the
whole community during the period of spring
growth of phytoplankton.

The method must be used with caution since non-
living forces may also cause the disappearance of
these raw materials.

This method measures primary productivity.

Follow standard extracting (pigment) procedures.

Spectrophotometer must be regularly and adequately
calibrated for precision,




TABLE 3.2.11 PHYSICAL CRITERIA FOR WATER QUALITY
(NAS, 1974; U.S. EPA, 1976d)

SOLIDS (SUSPENDED, SETTLEABLE) AND TURBIDITY

Freshwater fish and other aquatic life: Settleable and suspended solids
should not reduce the depth of the compensation point for photosynthetic
activity by more than 10 percent from the seasonally established norm for
aquatic life.

COLOR

Waters shall be virtually free from substances producing objectionable color
for aesthetic purposes.

The source of supply should not exceed 75 color units on the platinum-cobalt
scale for domestic water supplies.

Increased color (in combination with turbidity) should not reduce the depth

of the compensation point for photosynthetic activity by more than 10 per-
cent from the seasonally established norm for aquatic life.

OIL AND GREASE

For domestic water supply: Virtually free from oil and grease, particularly
from the tastes and odors that emanate from petroleum products.

For aquatic life:
(1) 0.10 of the lowest continuous flow 96~hour LC50 to several important
freshwater and marine species, each having a demonstrated high suscepti-
bility to oils and petrochemicals.
(2) Levels of oils or petrochemicals in the sediment which cause deleteri-
ous effects to the biota should not be allowed.

(3) Surface waters shall be virtually free from floating nonpetroleum oils
of vegetable or animal origin, as well as petroleum~derived oils.

TEMPERATURE

Freshwater aquatic life: For any time of year, there are two upper limiting
temperatures for a location (based on the important sensitive species found
there at that time).

(1) One limit consists of a maximum temperature for short exposures that
is time dependent and is given by the species-specific equation:

T = (1/b) 1logio (t-a) - 2°C
where T = temperature (°C)
b = slope of the line fitted to experimental data and
available from Appendix II-C, NAS, 1974, for some species
logio = 1logarithm to base 10 (common logarithm)

(continued)
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TABLE 3.2.11 (Continued)

t = time (minutes)

a = 1intercept on the "y" or logarithmic axis of this line
fitted to experimental data and which is available from
Appendix II-C, NAS, 1974, for some species

(2) The second value is a limit on the weekly average temperature that:

a. in the cooler months (mid-October to mid-April in the north, and Decem-
ber to February in the south) will protect against mortality of important
species if the elevated plume temperature is suddenly dropped to the
ambient temperature, with the limit being the acclimation temperature
minus 2°C when the lower lethal threshold temperature equals the ambient
water temperature (in some regions this limitation may also be applicable
in summer);

b. in the warmer months (April through October in the north, and March
through November in the south) is determined by adding to the physiologi-
cal optimum temperature (usually for growth) a factor calculated as one
third of the difference between the ultimate upper incipient lethal
temperature and the optimum temperature for the most sensitive important
species (and appropriate life state) that normally is found at that
location and time; or

c. during reproductive seasons (generally April through June and September
through October in the north, and March through May and October through
November in the south) the limit is that temperature that meets site-
specific requirements for successful migration, spawning, egg incubation,
fry rearing, and other reproductive functions of important species. These
local requirements should supersede all other requirements when they are
applicable.

d. There is a site-specific limit that is found necessary to preserve
normal species diversity or prevent appearance of nuisance organisms.

Marine aquatic life: In order to assure protection of the characteristic
indigenous marine community of a water body segment from adverse thermal
effects, the following must be observed:

a. the maximum acceptable increase in the weekly average temperature due
to artificial sources is 1°C (l.8°F) during all seasons of the year, pro-
viding the summer maxima are not exceeded; and

b. daily temperature cycles characteristic of the water body segment
should not be altered in either amplitude or frequency.

Summer thermal maxima, which define the upper thermal limits for the
communities of the discharge area, should be established on a site-specific
basis. Existing studies suggest the following regional limits:

Short-term Maximum
Maximum True Daily Mean*
Sub-tropical regions (south of Cape 32.2°C (90°F) 29.4°C(85°F)
Canaveral and Tampa Bay, Florida,
and Hawaii)
(continued)
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TABLE 3.2.11 (Continued)

Short-term Maximum
Maximum True Daily Mean*
Cape Hatteras, N.C., to Cape 32.2°C (90°F) 29.4°C (85°F)
Canaveral, Florida
Long Island (south shore) to Cape 30.6°C (87°F) 27.8°C (82°F)
Hatteras, N.C.
* True Daily Mean = average of 24 hourly temperature readings

Baseline thermal conditions should be measured at a site where there is no
unnatural thermal addition from any source, which is in reasonable proxim-
ity to the thermal discharge (within 5 miles) and which has similar hydrog-
raphy to that of the receiving waters at the discharge.

the direct approach of working on-site, using local fish and Columbia River
water". So he drifted juvenile chinook salmon (0O-age) in live-box through
the plumes produced by the Hanford Reactor in the Columbia River and warmed
shoreline areas, used an inclined plant scoop-trap in the river downstream
from a reactor outfall to sample the natural run of seaward migrants, and
scored mortalities. In both the live-box drifts and the trap collections,

no mortalities attributable to heat were observed. The water temperature
observed at the fish trap anchored about 400 meters downstream in a center of
a reactor discharge plume showed a range of 10.5° to 15.5°C.

In addition to cage or trap studies, biologists have suggested other
means to study the effect of heated effluents on anadromous fish by counting
natural fish populations or observing fish swimming behavior (or runs).
Observations are made using aerial surveys by planes or using sonic tags
on fish (Nakatani, 1969), and direct observations én fish in a runway or
channel (Alabaster, 1969).

Table 3.2.11 lists the physical criteria for water quality (U.S. EPA,
1976d; National Academy of Sciences, 1974).

3.2.5 Field Bioassay

'3.2.5.1 Aquatic Field Tests—-

Three terms are often used to describe field tests. These are '"field
survey", "monitoring program" and "field test" (Livingston et al., 1974;
U.S. EPA, 1975a).

. "Tn a field survey, a sampling method is devised to include: a
broad range of the animal and plant life, both perturbed and unperturbed
areas, seasonal changes; and where possible, before and after effects of
some event, such as the application of a potentially registrable pesticide."
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. Monitoring implies continuous measurement of some variable.

. "In field tests, organisms are maintained in cages or confined areas
in the field environment. Such systems can continually assess the effect of
the application on a series of representative species."

A portion of the real world can be partitioned off and purposely contam—-
inated. The advantages of this type of research are that the spill or contam-
ination is under control of the investigator so that pre-stress data can be
assembled and the actual stress manipulated and measured, while the complexity
of the real world is retained to a greater degree than in a laboratory study.
The problems are:

. Deciding whether deliberate damage to even a small portion of environ-
ment is justified by the information that will be obtained;

. Confining the damage to the area under study;

. Deciding whether the portion of the environment under study is repre-
sentative; and

) Achieving sufficient control over the test area (U.S. EPA, 1975a).
However, it appears that the approach with the greatest possibility for
standardization is cage-type or confined-area exposure.
EXAMPLE: AQUATIC FIELD TESTING
Design of Experiment

* The design of the experiment is one of the first tasks in aquatic field
testing and a crucial factor to achieving the ultimate goal -- "Quality
Assurance" in the field test.

« Use statistical consultation in the design of the experiment. At the very
least, suitable replication and control areas are a must, and the value of
pre-application field data becomes obvious.

« Apply a formal sampling plan. Notice the great difficulties of sampling
with mobile species and species with nonrandom distribution. Different
communities and localities may require different sampling procedures. The
frequency of sampling depends greatly on the objective of the study. For
example, the "reproductive success" study of an individual species requires
less frequent sampling than the mortality study of the same species.

e Choose an appropriate test area. The area to be used should be as homo-
geneous as possible with respect to the biotic, physical and chemical en-
vironment. Every effort should be made to choose an area which allows the
investigator to prevent, control, or minimize the spread of the applied
toxicant.

A high degree of knowledge of the biology of the various species is required.

Personnel

« The team which conducts the field test must be adequately organized. It
should consist of at least one aquatic toxicologist or biologist as team

178



supervisor, one or two technicians, and have access to an analytical chemist
and a biostatistician.

Train all personnel for quality.

Facilities and Equipment

The maintenance of field equipment and/or instruments and cage construction
are major concerns. Among these the cage construction is of paramount
importance for the field toxicity test.

Cage construction: The construction of cages for specific taxa depends on
the species, its predators, the habitat, and the properties of the chemical
being tested. Heitmuller and Nimmo (1972) constructed a holding cage for
exposing penaeid shrimp to bottom sediment and suggested that the cage is
also suitable to hold mollusks, crabs, or fish for field tests.

Bioassay trailer: A bioassay trailer (Zillich, 1969) has been proven useful
for testing the biological effects of many industrial wastes in the field.
Federal, State and local agencies have just begun utilizing mobile bioassay
units in applied research areas as aids for engineering design, in investi-
gations to determine water quality criteria, in enforcement of water quality
standards, and in aquatic pest control studies. Ideally, the design of
these units should be guided first by the mission of the sponsor and then

by considerations of economy and flexibility (Gerhold, 1973).

Portable apparatus for acute toxicity bioassays: The apparatus is simply
designed for conducting acute toxicity bioassays in the field, particularly
effluent tests. Falk ?1973) designed an apparatus which proved to be very
satisfactory under field conditions, being inexpensive, light, and portable
as well as giving satisfactory results. Fish in the control tests survived
with no mortality. Through mixing by aeration, the temperature did not vary
more than 2°C over a 96~hour period. Results obtained from experiments were
comparable with those obtained from bioassays conducted under controlled
laboratory conditions. Additional advantages of this portable apparatus
were: it is much cheaper to set up than the controlled laboratory for the
effluent. Burress (1975) employed large plastic bags to contain 284 liters
of water and used more and larger fish in 96-hour tests of antimycin without
employing either aeration devices or bulky supports for rigid vessels as
indicated in Falk (1973). Burress highly recommended his method for con-
ducting on-site toxicity tests.

Test Methods

According to the Federal Register (Vol. 40, No. 123, June 25, 1975), “no
universally applicable methods are available for field testing of pesticides
because of the wide diversity of mechanisms whereby a pesticide may enter
the environment, the diversity of habitats which may be affected and the
nature of the pesticide (solubility in water, degradability, etc.)." The
U.S. Environmental Protection Agency has indicated field methods as
"developmental”. That means the method has been proposed by one or a few
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toxicologists and has been used to test only a few compounds by the original
researcher. "There is no concensus that the method provides appropriate
data or that modifications of the method would not be appropriate. Tech-
niques involved may not be well known to other toxicologists, and therefore

other toxicologists may require considerable experience with the method

before they can obtain consistent results."

Other than the complexity of the environment and the unique nature of each
chemical, the inherent difficulties of sampling and biological variability
encountered in the field have hindered the progress of field chemical tests.

In spite of major difficulties, it is expected that as the theoretical and

practical aspects of environmental research improve, there will be a capa-

bility to measure the effects of single and combined factors under field
conditions. The approaches to become "routine" methods are most likely

$pg}icgb;e to cage-type (C) exposure or confined-area (CA) exposure. See
able 3.2.12

Test Subjects

Some genera] considerations in the selection of test subjects are (U.S. EPA,
1975a):

o Be realistic in choice of species. Species collected locally will
normally be easier to work with.

o Be aware of the possibility of induced resistance.

0 Should caged animals be used, an adequate period of acclimation is
necessary.

o Within the constraints of acceptable techniques, choose the most sen-
sitive species and/or life stage inhabiting that ecosystem.

o The species must be readily available.

o Whether organisms are collected directly or purchased, every effort
should be made to insure that they are healthy and are not subjected to
unnecessary stress. See Perkins (1972) on discussion of the importance
of stresses such as collecting, handling and maintenance.

o Collection techniques described in "Biological Field and Laboratory
Methods," U.S. EPA (1973), should be used.

From Table 3.2.12, the most common species of fish used in cage-type field
testing of toxic pollutants from the marine environment are as follows:
sheepshead minnow (Cyproinondon variegatus), striped mullet (Mugil cephalus),
mosquitofish (Gambusia affinis), sailfin molly (Mollienesia latiphinna) and
kiNifish (Fundulus heteroclitus). From the freshwater environment the
representative ones are: Largemouth bass (Micropterus salmoides), bluegill
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(Lepomis.macroghirusx fathead minnow (Pimephales promelas), rainbow trout
(Salmo gairdneri), and brook trout (Salvelinus fontinalis).

« A similar list of invertebrates would include:

Marine - Blue crab (Callinectes sapidus)
Fiddler crab (Uca minax, U. pufnax)
Grass shrimp (Palaemonetes pugio)
Eastern oyster (Crassostrea virginica)

Freshwater - The limited studies (cage-type) suggest no common species.

TABLE 3.2.12 AQUATIC SPECIES OR TAXA, FRESHWATER AND MARINE, USED IN FIELD
CAGES (C) OR CONFINED-AREA (CA) TYPE STUDIES

Species Type of Study References
(C or CA)
FRESHWATER FISH:
Brown trout (Salmo trutta) C Adams, 1975
Bluegill (Lepomis macrochirus) cA Andrews et al., 1966
Black crappie (Pomoxis vigro-maculatis) C Bridges, 1958
Bluegill

Black bullhead (Ictalurus melas)

Carp (Cyprinus carpio)

Flier sunfish (Centrachus macropterus)
Golden shiner (Notemigonus crysoleucas)
Goldfish (Carassius auratus)

Green sunfish (Lepomis cyanellus)

Grass pickerel (Esox americanus)
Largemouth bass (Micropterus salmoides)
Longnose gar (Lepisosteus osseus)
Mosquitofish (Gambusia affinis)
Smallmouth buffalo (Ictiobus bubalus)
Steel-colored minnow (Notropis whippli)
Swamp darter (Ethoestoma gracile)
Warmouth (Chaenobryltus gulosus)

White crappie (Pomoxis annularis)
Yellow bullhead (Ictalurus netalis)

Minnows C Carpenter, 1925

Trout

Brown trout CA Dacre and Scott, 1973
(continued)
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TABLE 3.2.12 (Continued)

Species Type of Study References
(C of CA)
Largemouth bass c Eipper, 1959
Bluegill

Golden shiner

Fathead minnow (Pimephales promelas)
Rainbow trout (Salmo gairdneri)
Brook trout (Salvelinus fontinalis)

Java fish (Puntinus javanicus) C Gorbach et al., 1971
Bluegill CA Hemphill, 1954
Bonytail (Gila robusta elegans)

Bullhead

Brown trout

Carp

Largemouth bass

Black bullhead CA/C Kallman et al., 1962
Channel catfish (Ictalurus punctatus)

Greek chub (Semotilus atromaculatus)

Green sunfish

Fathead minnow

Rainbow trout

Smallmouth bass

White sucker (Catostomus commersoni)
Yellow bullhead

Bluegill CA Lawrence, 1950
Goldfish

Largemouth bass fingerling

Bigmouth buffalo (Ictiobus CA Mayhew, 1959
cyprinellus)

Bluegill

Black bullhead

Black crappie

Carp

Channel catfish

Gizzard shad (Dorosoma cepedianum)

Largemouth bass

Guillback (Carpiodes cyprinus)

Yellow bass (Roccus mississippiensis)

Snakeskin gourami (Trichogaster c Moultom, 1974
pectoralis)
Mosquitofish CA Mulla, 1962b
(continued)
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TABLE 3.2.12 (Continued)

Caddisflies (Trichoptera)
Elmid beetles (Elmidae)
Midges (Chironomidae)
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Species Type of Study References
(C of CA)

Atlantic salmon CA Sprague et al., 1965

Green sunfish CA Summerfelt and Lewis,
1967

Kwi Kwi (Haplosternum littorale) CA Vermeer et al., 1974

Srieba (Astyanax bimaculatus)

Krobia (Cichlasoma bimaculatum)

Utah chub (Gila atravia) CA Workman and Newhold,
1963

Leatherside chub (Synderichthys sp.)

Dace (Rhinichtys sp.)

FRESHWATER INVERTEBRATES:

Gastropod CA Andrews et al., 1966

Diptera

Odonata

Ephemeroptera

Coleoptera

Hemiptera

Copepod CA Coswell, 1965; Eipper,

Cladocera 1959

Rotifera

Louisiana red crawfish C Hendrick and Everett,
1965

Protozoa C Hoffman and Olive,

Rotifera 1961

Entomostraca

Aquatic insects CA May et al., 1973

Water mites

Midges, etc.

Mayflies (Ephemeroptera) c/ca Moye and Luckmann,

1964

(continued)



TABLE 3.2.12 (Continued)

Species Type of Study References
(C or CA)

Texas Snails (Tropicorbis sp.) CA Nolan and Berry, 1949
Plankton, Benthic Invertebrates cA Tarzwell, 1948
Egyptian snails: C Unrau et :al., 1965
Balinus trunccatus
Biomphalaria alexandrina

Physa sp.

South American Snail (Pomacea sp.) CA Vermeer et al., 1974

OTHER FRESHWATER ORGANISMS

Frog and Toad CA Mulla, 1962a

Bullfrog - Tadpoles (Rana CA Mulla, 1962b
catesbeiana)

Plants: Eipper, 1959
Lemna
Alisma
Sagittaria
Chara
Potamogeton
Algae

Frog (Pseudis paragoxa) CA Vermeer et al., 1974
MARINE FISH

Diamond killifish (Adenia xenica) CA Croker and Wilson,
Darter goby (Gobionellus bolcosoma) 1965

Gulf killifish (Fundulus grandius)
Killifish (Fundulus sp.)

Longnose killifish (Fundulus similis)
Mosquitofish (Gambusia affinis)
Rainwater killifish (Lucania parva)
Sailfin molly (Mollinesia latipinna)
Sheepshead minnow (Cyprinodon

variegatus)

Spot (Leiostomus xanthurus)
Striped mullet (Mugil cephalus)
Tidewater silverside (Menidia

beryllina)
Mummichog (Fundulus heteroclitus) C George et al., 1957

"Variegated cyprinodon" (Cyprinodon

variegatus)
Spot
White mullet (M. curema) (continued)
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TABLE 3.2.12 (Continued)

Species Type of Study Reference

(C or CA)
Mullet (M. Cephalus) = Striped C Ludwig et al.,
mullet 1968

Croakers (Leiostomus xanthurus)

Broad killifish (C. variegatus)
Gulf killifish

Cyprinodon sp. Cc/CcA Springer and Webster,
Fundulus sp. 1951

Sheepshead minnow C Tagatz et al., 1974
Flounder (Paralichthys sp.) C U.S.D.I., 1967

Mullet (M. cephalus)
Puffer (Sphaeroides sp.)
Sailfin molly

Pinfish C v.S.D.I., 1968
Sheepshead

Drum

Mollies

Fundulus

MARINE INVERTEBRATES

Fiddler crab (Uca minax) c Croker and Wilson,
Blue crab (Callinectes sapidus) 1965
Marsh fiddler (Uca pugnax) George et al., 1957

Red-jointed fiddler (U. minax)
Marsh crab (Sesarma reticulatum)

Blue crab (C. sapidus) CA Koenig et al., 1976
Marine mussel (Mytilus edulis) C Lee et al., 1972
Blue crab c Ludwig et al., 1968
Soft shell clam (Mya arenaria) c Rawls, 1965

Blue crab

Eastern oyster (Crassostrea
virginica)

Blue crab CA Springer and Webster,
1951

Marsh fiddler C Springer and Webster,

"Bait" shrimp (Palaemonetes pugio) : 1951

Blue crab
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TABLE 3.2.12 (continued)

Species Type of Study References
(C or CA)
Grass shrimp (Palaemonetes c Tagatz et al., 1974
vulgaris)

Pink shrimp (P. pugio)
Snail (Littorina irrorata)

White shrimp (Penaeus setiferus) c U.S.D.I., 1967
Blue crab

Fiddler crab (Uca sp.)
Oysters (Crassostrea sp.)

"Bait" shrimp (P. pugio) C U.S.D.I., 1968
Fiddler crab
Blue crab

3.2.5.2. Non-aquatic Field Tests—-

Dr. J. L. Lincer of the Mote Marine Laboratory has compiled some
protocols for wildlife toxicology and hazard evaluation for the Environmental
Protection Agency (U.S. EPA, 1975b). These protocols include:

e Protocol for determination of the approximate maximum
tolerated dose

e Protocol for laboratory acute oral toxicity - Birds

e Protocol for determining lethal dietary concentrations of
chemicals to birds (5-day dietary LC50)

e Protocol for evaluation of reproductive effects of
pesticides on the mallard

e Protocol for laboratory acute dermal toxicity test

s Protocol for small pen simulated field test to evaluate
pesticide hazards to birds

e Protocol for large pen simulated field studies

o Protocol for full-scale field tests to evaluate pesticide
hazards to wildlife.

As toxicity tests move from the laboratory to full-scale field tests, it
becomes more necessary, but more difficult to control important variables.
Simulated field tests, both small-pen and large-pen, furnish intermediate
data to evaluate wildlife toxicity under semi-natural conditions. Simulated
field tests should follow acute and subacute toxicity studies. Large-pen
simulated field tests have been used to measure chronic effects, including
those on reproduction. Data from laboratory toxicity tests and simulated
field tests are serviceable in designing a full-scale (or unrestricted) field
test. The unrestricted field test must necessarily follow both acute and
subacute toxicity tests and simulated field tests. This test produces data
on actual commercially treated pesticide target areas where non-target wildlife
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live unshackled in their feeding, reproductive and other activities (U.S.
EPA, 1975b)

Examples of protocols for Small Pen Simulated Field Test, Large Pen

Simulated Field Studies, and Full-scale Field Tests to Evaluate Pesticide
Hazards to Wildlife are given in the following pages.

EXAMPLE: SMALL PEN SIMULATED FIELD TEST
Purpose of Study

o Avian toxicity -- To evaluate pesticide hazards to birds.
Materials

- Bobwhite (this protocol has been developed as an initial simulated field
test for this bird). With modifications, other species could be tested.

o The test subjects shall be obtained from pen-reared stock.

Design of Experiment

QUALITY CONTROL -- Use statistical consultation in the design of the
experiment.

QUALITY CONTROL -- Use good supervisory practices to ensure that protocols
are followed.

e Quarantine period. Al1l birds shall be maintained in outdoor pens, in the
general area where the field test is to be conducted, for at least 2 weeks
prior to the test.

e Number of birds. Each test should contain not less than six pairs of
birds per control group and not less than six pairs of birds per test
group, with one pair of birds per pen.

QUALITY CONTROL -- It is recommended that at least 12 additional birds
be procured and held in outdoor pens for replacement purposes. '

o Pens (size, construction, etc.). Each pen shall contain approximately
1.8 m¢ (20 ft2). Suitable pen dimensions might be 1.20 m by 1.50 m
@ft by 5 ft) or 0.90 m by 2.10 m (3 ft by 7 ft) and 0.30 m (1 ft) high.
The pens should consist of a wooden frame made from 4 cm by 4 cm
(2 in by 2 in) lumber and covered on the inside with 1 cm (% in) mesh
hardware cloth. Pen height may be increased to a height that will
accomodate vegetation growth through the test period. Pens should have
an opening through which birds can be removed or added. Each pen should
contain a poultry waterer, preferably a 1-liter (1-quart) chick fount
and a small box, 30 ¢m by 30 cm by 25 cm (12 in by 12 in by 8 in), open
on one side, to serve as a shelter for the birds.
QUALITY CONTROL -- To avoid possible contamination, scrub wire and replace
frames if pens have been used for previous testing. Use of aluminum
tubing for framing will make cleaning of pens easier.
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QUALITY CONTROL -- Do not cover pen bottom. Stake pen securely to the .
ground to minimize predation.

QUALITY CONTROL -- Movepens daily, or as required to maintain adequate
vegetation cover.

Test Conditions. Conditions for evaluation of each pesticidal formulation
should approximate those to be encountered in the routine use of the
product. For example, evaluation of a cotton insecticide should be made
in a cotton field, and the timing, rate, number, and manner of applica-
tions should be identical with those for control of cotton insects.
QUALITY CONTROL -- Handle (feeding, watering and observation) the

control birds the same as the test birds.

QUALITY CONTROL -- Clearly mark all pens and all birds to assist accuracy
in data collection.

QUALITY CONTROL -- Care should be taken at all times to avoid possible
contamination through drift from adjacent areas or from improper cleaning
of equipment.

Conduct of Experiment

Place pens and shelters in positions, and introduce birds (1 male and 1
female per pen) prior to application of pesticide.

QUALITY CONTROL -- Establish regular audits of performance.

QUALITY CONTROL -- Sufficient food and water are to be available to the
birds at all times, other than during the indicated 12-hour period.

Place filled waterers and about 100 g (3 to 4 ounces) of cracked corn,
wheat or other grain in 1/3 of the total test and control pens used
prior to test. The remaining test and control pens are to be left
without feed and water for 12 hours after the pesticide application, at
which time feed and water are to be introduced to these pens, as above.
QUALITY CONTROL -- Follow all safety precautions, as specified on the
product label, when entering the treated field.

Observation of Test: If either member of the pair dies, the survivor is
to be removed, placed in an individual holding pen, and a fresh pair
placed in the pen. The survivor should be observed until death or for
14 days. Sacrifice survivors, including "control" group and birds held
for replacement at the termination of the experiment.

QUALITY CONTROL -- Same individual should be assigned on the routine

observation job, and at the same time period each day the observations
should be made.

Duration of test: For pesticides which are to be applied once per season,
tests are to be continued for not less than 14 days. For pesticides
which are to be applied more than once per season, tests are to be con-
tinued for 14 days after the final application, with movement of pens
immediately prior to each application.
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Reporting of Data

. Appropr1ate items to be considered are as follows:
Location of test

- Dates
- Weather data
- Species, sources, age, medical and chemical administration
history, body weight, weight changes of birds; individual
identification
- Chemical formulation, rate of application, manner of
application
Vegetative cover, residue analysis
Pen description, pen placement
Diet, food and water supply schedule, feed consumption
Visual signs of intoxication, accidential deaths, or
injuries
- Replacement schedule
- Gross pathological or histological examinations
Statistical methods.
QUALITY CONTROL -- Use statistical expertise in analysis of results.
QUALITY CONTROL -- Adopt a system for review and publication of data and
reports.

Reference

e U.S. EPA, 1975. Guidelines for Registering Pesticides in the United
States, Appendix, Part VII - Hazard Evaluation, Subpart C: Wildlife
Toxicology. Federal Register, Vol. 40, No. 123 - Wednesday, June 25,
1975, pp. 26920-26921.

EXAMPLE: LARGE PEN SIMULATED FIELD STUDIES

Purpose of Study

» Avian Toxicity - To determine pesticide effects on birds under semi-
natural conditions and to assess the degree of hazard presented by the
formulation and application rates of pesticides being considered for
registration.

Materials
+ Bobwhites, ring-necked pheasants or other species.

Design of Experiment

QUALITY CONTROL -- Use statistical consultation in design of experiment.

e Sjze of pens: wire-covered pens should be constructed covering a minimum

ground area of 45m2 (500 ft2) per pen. Su1tab1e pen dimensions might be 3 m
or 3.5mby 15 mor 23 m (10 ft or 12 ft 50 ft or 75 ft), with the top
cover at a height of about 2.0 m (6.5 ff{ Other dimensions covering
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45m2 (500 ft2) or more per pen may be used.
QUALITY CONTROL -- Before pens are planned and constructed, the des1gner

and builder should consult wildlife agencies and successful game farms
to learn practical consideration such as prevention of disease and para-
sites, soil drainage requirements, support of top cover to prevent
collapse under the weight of snow, types of watering, etc.

Number of cages: 24 to 36 pens are sufficient to test one chemical.

This would provide 6 to 9 control pens and 6 to 9 pens for each of 3
treatment levels (the proposed treatment rate and 2 multiples of that rate
such as 3 or 5X and 5 or 10X). An independent water supply and a small
shelter should be furnished in each pen. Metal flashing should be placed
around all pens to a height of about 45 cm (18 in) above ground and to

a depth of about 15 cm (6 in) below the ground surface.

QUALITY CONTROL -- Double the size of pens used when pheasants are
utilized in this experiment. For example, two 3.7-by 22.9-m pens could
be converted to one 3.7-by 45.7-m pen.

Birds

If bobwhites are used, pens may be stocked with 1 mated pair per pen.
One-year-old birds of known history, not previously exposed to pesticides,
shall be placed in the pen at least 2 weeks prior to the pesticide
applications. If pheasants are used a pen should be stocked with 1 male
and 5 females per larger pen.

QUALITY CONTROL -- A supply of replacement birds should be maintained in
outdoor pens near the control pens.

QUALITY CONTROL -- A11 birds must be in healthy condition prior to the
test.

Test Conditions

Pen position: Keep pens under conditions as natural as possible. Use
movable pens that can be set up over the crop or vegetation on which the
pesticide will be applied. If nonportable pens are used, then soil
should be suitable for growing the pertinent crop or vegetation.

QUALITY CONTROL -- For statistical purposes, randomize the test pens.

Before randomization, stratify the treatment pen locations first because
of the drift problem of pesticides.

Pesticide administration: Handspray the pesticide at the same rate,
timing, number of applications, and formulation as outlined in the -
proposed registration. Replicate pens should also be treated at two
multiples (such as 3 or 5Xand5 or 10X) of the rate requested in the
petition.

QUALITY CONTROL -- Spraying should be done under minimum wind conditions

and with protective shielding to prevent contamination of adjacent
sprayed pens and/or control pens.
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* Feed and water: These should also be treated at the 3 r he
food_treatment rates can be based on results of residue gEEZiesT
required for other purposes in the registration procedure. Treated food
écgglgdb$opzepared within 1 day of the time environments are sprayed.

. d food should be supplied daily or every other 'day to the test
birds in feeders protected from the weather.

Another desirable phase of the test would be to provide treated animal
foods such as grasshoppers or other invertebrates (earthworms, etc.) to
the penned birds simultaneously with the pen environment application.

Various combinations of treatments can be made to determine the major
route of pesticide exposure to the test birds as follows:

ﬁ]) Pen environment only with "clean" food and water.

2) "Clean" pen environment and water and treated food only.

(3) "Clean" pen environment and food with treated water only.
or(4) Other combinations.

Birds in half the pens at a given treatment rate may be fasted and
water withheld for 12 hours prior to the pesticide applications. If so,
half the control pens should also be fasted and water withheld for the
same 12-hour period.

QUALITY CONTROL -- Toxicants should be carried in a table-grade corn oil.
QUALITY CONTROL -- Food and water treatments should be made with pro-
cedures and rates that are consistent with the characteristic of the
chemical and the usage being tested.

QUALITY CONTROL -- Adequate replicates must be used if various treatment
combinations are tested.

Conduct of Experiment

QUALITY CONTROL -- Establish regular audits of performance.

« Place pens, shelters and feeders in position, and introduce birds into
pens as described above prior to the pesticide administration.
QUALITY CONTROL -- A1l pens should be numbered and locations mapped or
charted.
QUALITY CONTROL -- A11 birds should be marked to facilitate accurate data
collection.

e« Administer the chemical as indicated above and as desired in various
treatment combinations.

e Provide sufficient food and water to the test birds at all times, except
during the specified periods of fasting and water withholding.

* Test Observations:

Mortality. In case of bobwhite, if either member of test pair dies,
the survivor should be removed and held for observation and a fresh pair
placed in the test pen. A1l survivors are held for the observation of
possible toxic signs.

QUALITY CONTROL -~ The same individual should be at the post to observe
the toxic signs of the intoxicated birds.
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Reproduction. Reproductive success of the test birds should be

observed during the year of the test. Eggs may be picked up period-
ically for artificial incubation and rearing of young in the first

half of the breeding season but eggs may be left for the hen(s) to
incubate in the last half of the normal breeding season. Hens should

be allowed to rear the young to 14 days of age in test pens.

Test duration. This should be a minimum of 21 days after the final pesti-
cide application. It must be longer if any birds are showing toxic

signs or other effects. Reproductive test would certainly continue beyond
21 days post-treatment.

Residue analysis. Confirm diet and water levels of the test chemicals.
Analyze vegetation, soil and other environmental samples for residues

in accordance with other label requirements and determine the

persistence and bioaccumulation. Analyze the dead and surviving birds
for residues in selected organs and/or tissues. Determine the gross
pathology at the same time.

QUALITY CONTROL -- For pesticide residue analyses, use the two following
standard manuals: (1) Manual of Analytical Methods for the Analysis of
Pesticide Residues in Human and Environmental Samples. U.S. EPA, HERL-RFP,
Environmental Toxicology Division, Rev. in June, 1974. (2) Manual of
Analytical Quality Control for Pesticides in Human and Environmental
Media. U.S. EPA, HERL-RTP, Environmental Toxicology Division. J.F.
Thompson (ed.). EPA-600/1-76-017. February, 1977.

QUALITY CONTROL -- Train personnel for quality. See "Pesticide Residue
Analysis in Water-Training Manual. U.S. Environmental Protection Agency,
Office of Water Programs. EPA-430/1-74-012. September, 1974.

Colleeting and Reporting of Data

Collect the data on mortality - number, dates, etc.; toxic signs; weight
changes; food consumption; clinical observations; necropsy observations;
residue analysis results; weather data of tests; reproduction test(s)
results.

QUALITY CONTROL -- Signing and witnessing of data collection.

QUALITY CONTROL -- Use statistical expertise in analysis of results.

Report all the data collected above and test methods and materials used.
QUALITY CONTROL -- Adopt a system for review and publication of data and
reports.

Reference

U.S. EPA, 1975. Guidelines for Registering Pesticides in the United
States, Appendix, Part VII - Hazard Evaluation, Subpart C: Wildlife
Toxicology. Federal Register, Vol. 40, No. 123 - Wednesday, June 25,
1975, pp. 26921-26922.
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EXAMPLE 1: FULL-SCALE FIELD TESTS TO EVALUATE PESTICIDE HAZARDS TO WILDLIFE

Purpose of Study

To determine the total impact of pesticide applications on wildlife
populations.

Materials

A11 wildlife including arthropods on sprayed and unsprayed (control)
areas.

Design of Experiment

A thorough pesticide-wildlife ecology study should include collection of
data on wild birds and mammal populations (resident and nonresident
species), climate, soil, vegetation biomass by species, numbers and bio-
mass of arthropods, food habits of the most abundant wildlife species,
and distribution and fate of pesticide residues in animals, plants, and
environment. Each parameter would require a separate sampling method.
These data should be collected on sprayed and unsprayed areas before and
after the treatment dates.

Treatment Areas

Treatment areas should be a minimum of 130 ha (320 acres) in size for a
given chemical and rate of application. Cropland or right-of-way study
areas may be smaller if the typical field or area sprayed would be
smaller.

QUALITY CONTROL -- A1l treatment areas should be sufficiently large to
accommodate a minimum of 2 replicates of 8 to 16 ha (20 to 40 acres)
census plots with a sprayed buffer zone of at least 45 m (150 ft)
around all plot boundaries.

The experimental applications should be made at the proposed registra-
tion rate and at two multiples of that rate, e.g., 3x or 5x.

QUALITY CONTROL -- Control areas should be studied simultaneously on
replicated plots in the same manner as the sprayed areas.

Conduct of Experiment

Strip census is generally used for censusing cropland or rangeland birds.
The basic procedure in this census technique is to walk a straight line
transect, usually within a given time period, and identify, record and
plot locations of all birds seen within a predetermined width of strip,
e.g., 50 m to either side of the line to travel, i.e., a width of 100 m.
Transects are marked in some manner so that the same routes can be
repeated daily, weekly, monthly, seasonally or yearly.

QUALITY CONTROL -- Strip censuses should be run in the early morning
hours to coincide with a major activity period of the birds.
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QUALITY CONTROL -- Frequent counts within the breeding season on
replicated transects will provide statistically adequate data for
comparing pre- and postspray populations and sprayed plots with
unsprayed plots.

QUALITY CONTROL -- Experienced personnel must go on the trip.

Plot census is usually used for censusing birds in forested or mixed
habitats. The general approach for this census is similar to the strip
census. The basic difference is that birds are observed, identified and
plotted on a map of a square or rectangular plot, usually approximately
about 16 ha (40 acres) in size. The observer walks a more or less fixed

route taking him to all portions of the census plot within a given time
period.

QUALITY CONTROL -- Same as for strip census.

Mark and recapture method for small mammals using grids of Sherman-type
live traps: There are various systems of trap layouts, length of
trapping period, and data treatment. The International Biological
Program (IBP), Grassland Biome (Swift and French 1972) has recommended
the system of utilizing a square grid of 12x12 stations (or 144 trap
sites{ (15 m between stations) with 1 or 2 live traps per station.
Animals captured are marked and released over a trapping period of 5
consecutive days. Data are analyzed by the Jolly (1965) method.
QUALITY CONTROL -- The mark and recapture procedure must be repeated

in the same manner in a pre- and postsprayed period on marked, replicated
grids.

QUALITY CONTROL -- A control must be used.

The effects on target insects and total arthropod numbers and biomass
should be measured by standard entomological methods. Particular
attention should be paid to arthropod species known to be important for
wildlife food.

QUALITY CONTROL -- The limitations of the arthropod sampling techniques
used should be noted and reported.

QUALITY CONTROL -- Use an adequate manual for arthropod population
analysis, e.g., Methods of Study in Quantitative Soil Ecology: Popula-
tion, Production and Energy Flow (Phillipson, 1972).

Residue analyses should be done on the following types of samples:

o tissues of one or-more species of common resident omnivorous
mammals,
tissues of one or more species of common resident omnivorous birds,
common arthropods,
vegetation including entire above-ground parts,

plant litter,
so11 (to a depth of about 2% cm),
water (if anyg from the sprayed area.
QUALITY CONTROL -- Use the best available technique for residue analysis
in replicated aliquots.
QUALITY CONTROL -- Delayed analysis will invalidate the data.
UALITY CONTROL -- A1l samples should be collected periodically in
duplicates until residue levels fall below 0.01 ppm.

00000 O0
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Data Collection and Handling

Collect the data on mortality with dates, signs of intoxication, wild-
1ife census results, arthropod numbers and biomass, pathology, residue
analysis, nest studies, weather conditions during the study period,
f]?g?};ng observations, and other studies on reproduction of resident
wil e.

QUALITY CONTROL-- Signing and witnessing of data. Integrate all

data 1nto a picture of the total ecology of the introduction of the
pesticide.

QUALITY CONTROL -- Use available statistical methods of analysis and
statistical expertise in data analysis.

References:

The discussion here is principally derived from the following report:
U.S. EPA, 1975. Guidelines for Registering Pesticides in the United
States, Appendix, Part VII - Hazard Evaluation, Subpart C: Wildlife
Toxicology. Federal Register, Vol. 40, No. 123 - Wednesday, June 25,
1975, pp. 26926-26928. Other references are:

Jolly, G.M 1965. Explicit estimates from capture-recapture data with
both death and immigration-stochastic model. Biometrika. 52: 225-247.

Swift, D.M., and N.R. French. 1972. Vertebrates - small mammals. Pages
24-281in: Basic Field Data Collection Procedures for the Grassland Biome.

.IBPS Nat. Res. Ecol. Lab., Ft. Collins, Colorado, 86 p. (Tech. Rpt. No.
145).
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3.3 AQUATIC BIOASSAY

3.3.1 Basic Requirements of Aquatic Bioassay

3.3.1.1 Personnel--~

Almost without exception, activities in both experimental and applied
toxicology have biological, chemical, and statistical aspects. Because of
the interdisciplinary character of toxicological activities and because few
people are really competent in more than one field, biologists, chemists,
and statisticians must work together (Stephan, 1973). In aquatic biological
laboratories the discipline of toxicology may also be represented but in
smaller laboratories in particular, the toxicological aspects may be handled
by the biologist with the support of the chemist.

The biologist, in any event, is required to maintain a broad overview
of the basic toxicological questions and guides the whole experimental effort.

Chemists may be full members of the biological team or may play a
supporting role by supplying analytical laboratory capability for one or
more teams. The chemist can contribute to experimental toxicology by:

e aiding in the selection of toxicants that should be tested

e helping design toxicity tests

» measuring and characterizing the level of the toxicant
to which the subjects are actually exposed

e determining the fate of the toxicant after it comes in
contact with the subjects

* helping determine the mode of action of the toxicant

e aiding in detecting some of the effects of the toxicant
on the subjects

e recommending good sample collection and dosage techniques

e devising ways to prepare special materials and toxic
agents that have been designed by toxicologists.

Chemists are in a good position to identify actual and potential
environmental contaminants because many of these are used or produced by
the chemical industry.

Statisticians usually play a supporting role by:

¢ aiding in the design of bioassay

s providing good sampling plans

e helping ensure the validity of chemical and biological
test results by calling for duplicate samples, standard
samples, and interlaboratory samples

e suggesting methods for data analysis and assisting in
the analysis and interpretation of data.

213



Fish bioassay techniques usually involve exposure of the experimental
species to toxic agents in water rather than the direct application of agents
to the animals. Thus, information regarding the chemical reaction between
the toxic agent and the media (water) is very essential for designing and
interpreting of toxicity tests conducted on fish.

Generally, biological tests will be better measures of biological prop-
erties than chemical tests, even if the biological tests are not as well
developed as many of the chemical tests. Environmental protection needs
toxicological accuracy as much as it needs statistical precision.

Training is available in the form of courses provided at Federal or
Academic institutions. Laboratory personnel should be encouraged to attend
professional meetings to help the individual keep abreast of the state of the
art within his particular professional interest. Overall the biology labora-
tory as a unit benefits from individual training and self-enrichment programs
(U.S. EPA, 1975b).

3.3.1.2 Facilities and Equipment--
e Facilities
For maximum convenience and versatility, the facilities should include:

o tanks for holding and acclimating test organisms

o a constant temperature area or recirculating water bath for the test
chambers

o a dilution water tank that may be used to prepare reconstituted water
and which is elevated, if possible, so dilution water can flow by
gravity into holding and acclimation tanks and test chambers.

Ceilings should be at least 10 feet high to accommodate proportional
diluters and strainers, and air traps should be included in the water supply
system. Holding, acclimation, and dilution water tanks should be equipped
for temperature control and aeration. The test facilities should be well
ventilated and free of fumes (U.S. EPA, 1975a).

e Construction material

Construction materials and commercially purchased equipment that may
contact any water into which test organisms are placed should not contain
any substances that can be leached or dissolved by the water. In addition,
materials and equipment that contact stock solutions or test solutions should
be chosen to minimize sorption of toxicants from water. Glass, #316 stainless
steel, and fluorocarbon plastics must be used whenever possible. Rubber,
copper, brass and lead must not come in contact with dilution water, effluent
samples, or test solutions (U.S. EPA, 1975a).

214



e Test chambers

Test chambers can be made by welding, not soldering, stainless steel or
by gluing double-strength or stronger window glass with clear silicone ad-
hesive. As little of adhesive as possible should be in contact with water;

extra beads of adhesive should be on the outside of the chamber rather than
on the inside (U.S. EPA, 1975a).

e Embryo and fry chamhers

Embryo and fry chambers should be constructed to allow for adequate
exchange of water and to ensure that the proper quantity of test material is
entering the chambers. These chambers must be brushed daily to prevent
clogging. Embryo and fry chambers should be designed so that water can be
drained down to 2.5 cm (1 inch) in order to facilitate growth measurements
of fry. These chambers may be supplied with the test water by:

o separate delivery tubes from the mixing chamber,
o splitting the flow from the aquaria,
o or "'egg" cups on a "rocker" arm (U.S. EPA, 1976).

e Toxicant mixing chambers

A mixing chamber is necessary to assure adequate mixing of the test
material. Aeration should not be used for mixing. Mixing is extremely
important because if the test materials are not adequately mixed with water,
toxicity cannot be properly assessed. Improper mixing can either expose the
animal to too much or too little of the material, and toxicity would be over-
or underestimated (ASTM, 1974).

e Calibration and standardization of test containers

Before filling the test containers, it is necessary to determine a suit-
able aeration rate so that the loss of any dissolved volatile substances
from the liquid in the test container will be excessive. This involves
determining the total number of bubbles of air or oxygen or both released
per minute in a given test container filled with the test solution up to a
given level. The dissolved oxygen content of the test solution shall not
fall below 4 ppm when warm-water fish are used as test animals, or below 5ppm
when cold-water fish are used and it should not exceed the saturation value
at the experimental temperature.

Calibration method is as follows:

Fill the test container to the fixed level with clean soft water having
an alkalinity to methyl orange indicator not in excess of 40 ppm as CaCOs.
Dissolve CO, gas in the water to obtain a concentration rate (in terms of
the number of bubbles of air or oxygen released per minute) such that the
amount of CO, lost from the solution in 24 hours under these experimental
conditions will not exceed 67 percent of the initial free CO, (ASTM, 1974a)

v
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¢ Toxicant delivery system

Although many toxicant delivery systems can be used (Lowe, 1964:
Sprague, 1969; Freeman, 1971; Cline and Post, 1972; Granmo and Kollberg, 1972;
Bengtsson, 1972; Lichatowich et al., 1973; Shumway and Plaensky, 1973; Abram,
1973; Schimmel et al., 1974; DeFoe, 1975; National Water Quality Laboratory,
Duluth, Minnesota, personal communication; Garton, R., Western Fish Toxicol-
ogy Station, Corvallis, Oregon, personal communication), the proportional
diluter (Mount and Brungs, 1967) is considered to be the best for routine
use. One disadvantage of the Mount and Brungs diluter is that it is imprac-
tical when the dilution factors between concentrations exceed fifty percent
and the logarithmic gradient frequently exceeds a fifty percent dilution
factor when testing with chemicals such as pesticides. The mechanical multi-
channel injection apparatus designed by Ozburn and Alasdair (1976) overcomes
this problem, but its reproducibility and reliability depend heavily upon
smooth operation of the mechanical components. For this reason the system
is not recommended for use in chroi.ic toxicity tests employing salt water
as the diluent because excessive e:posure to salt water may result in de-
terioration of the metal by corro:ion (Ozburn, 1976).

The calibration of the toxicant delivery system should be checked care-
fully before, during, and after each test. This should include determining
the volume of stock solution and dilution of water used in each portion of
the toxicant delivery system and the flow-rate through each test container.
The general operation of the toxicant delivery system should be checked
daily during the test (U.S. EPA, 1975a).

e Dilution water

A minimal criterion for an acceptable dilution water is that healthy
test organisms will survive in it for the duration of acclimation and testing
without showing signs of stress such as discoloration or unusual behavior.

o Freshwater

Water in which Daphnids (which are more sensitive to many toxi-
cants than most other freshwater animals) will survive and reproduce satis-
factorily should be an acceptable water for most tests with freshwater
animals.

o Estuarine and marine v itur

Water in which Acartia Tunsa or Mysid shrimp (which are more
sensitive to many toxicants than most other estuarine and marine aquatic
animals) will survive, grow, and reproduce satisfactorily should be an
acceptable dilution water for most tests with estuarine and marine animals.
If a dilution water is prepared from a dechlorinated water, it must be shown
that in fresh samples of the dilution water taken daily during flow-through
tests, the concentration of residual chlorine is less than 3ug per liter or
that Acartia Tonsa, Mysid shrimp, oyster larvae or first instar Daphnids can
survive for 48 hours without food.

216



o Reconstituted water

The recommended reconstituted waters (Table 3.3.1, 3.3.2 and 3.3.3)
should be .used as dilution water for as many tests as possible to maximize
the number of reliable comparisons that can be made concerning relative
toxicity and relative sensitivity. Reconstituted water is prepared by adding
a known amount of specified reagent-grade chemicals to water which meets the
specifications in Tables 3.3.1, 3.3.2, and 3.3.3.

e Alternative water

Alternative dilution water should be uncontaminated and of constant
quality and should meet the following specifications:

Suspended solids 20 mg/1

TOC 10 mg/1

Un-ionized ammonia 20 ug/l

Residual chlorine 3 ug/l

Total organophosphorus pesticides 50 ng/t

Total organochlorine pesticides 50 ng/1
plus PCB's

For effluent tests, the dilution water must be a representative
sample of the receiving water obtained as close to the point of discharge as
possible, but upstream of or outside the zone of influence of the effluent.
For tests with freshwater organisms, municipal water supplies often contain
unacceptable concentrations of copper, lead, zinc, fluoride, and chlorine or
chloramine. Metals can be remonved by chelating resins. Sodium bisulfite
is better for dechlorinating water than sodium sulfite, and both are much
more reliable that a carbon filter, especially for removing chloramine
(U.S. EPA, 1975a).

e Cleaning of test chambers, delivery systems, holding tanks, etc.

Toxicant delivery systems and test chambers must be cleaned before
use. New ones must be washed with detergent and rinsed with fresh tap water.
At the end of every test, if the toxicant delivery systems or test chambers
are to be used again, they should be:

o emptied

o cleaned by a procedure appropriate for removing the toxicant
tested (e.g.-, acid to remove metals and bases; detergent, organic
solvent, or activated carbon to remove organic compounds)

o rinsed twice with water

Acid is useful for removing mineral deposits, and 200 mg of hypochlorite per
liter or 30% formalin plus 17 benzalkonium chloride are useful for removing
organic matter and for disinfection. However, acid and hypochlorite must

not be used together. Test chambers and toxicant delivery systems must be
rinsed with dilution water just before use. Holding and acclimation tanks
should be sterilized with an Iodophor or with 200 mg of hypochlorite per liter
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for 1 hour, scrubbed well once during the hour and rinsed will between groups
of test organisms (U.S. EPA, 1975a).

TABLE 3.3.1 QUANTITIES OF REAGENT~GRADE CHEMICALS REQUIRED TO PREPARE
RECOMMENDED RECONSTITUTED FRESH WATERS AND THE RESULTING WATER QUALITIES

(Marking and Dawson, 1973)

Name Salts Required (mg/1) pHa Hardness? Alkalinityb
NaHCO3 CaSO0,+*2H;0 MgSO0, KC1

Very soft 12 7.5 7.5 0.5 6.4-6.8 10-13 10-13

Soft 48 30.0 30.0 2.0 7.2-7.6 40-48 30-35

Hard 192 120.0 120.0 8.0 7.6-8.0 160-180 110-120

Vervy nard 334 240.0 24C.0 16.0 8.0-8.4 280-320 225-245

aApproximate equilibrium pH after acration and with fish in water.
bExpressed in mg/1 as CaCO3.

TABLE 3.3.2 QUANTITIES OF REAGENT-GRADE CHEMICALS TO BE ADDED TO AERATED
SOFT RECONSTITUTED FRESH WATER FOR BUFFERING pH (Marking and Dawson, 1973)
(The solutions should not be aerated after addition of these chemicals.)

Milliliters of Solution for 15 Liters of Water

pH?
1.0N NaOH 0.0M KH,PO, 0.5M H3BO3

6.0 1.3 80.0 ——
6.5 5.0 30.0 _—
7.0 19.0 30.0 —
7.5 -— -— -~
8.0 19.0 20.0 —
8.5 6.5 -— 40.0
9.0 g.8 -— 30.0
9.5 11.0 —- 20.0
10.0 16.0 e 18.0

aApproximate ecuilibrium pH with fish in water.
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TABLE 3.3.3 RECOMMENDED PROCEDURE FOR PREPARING RECONSTITUTED SEA WATER
(Kester et al., 1967; Zaroogian et al., 1969; Zillioux et al., 1973)

(Add the following reagent-grade chemicals in the amounts and order listed to
890 ml water. Each chemical must be dissolved before another is added.)

Chemical Amount Chemical Amount
NaF 3 mg Na;,S0, 4.00 g
SrCl,-6H,0 20 mg MgCl,+6H,0 10.78 g
H3BO, 30 mg NaCl 23.50 g
KBr 100 mg Na,;5i05+9H,0 20 mg
KC1 700 mg Na, EDTA 1 mg
CaCl,+2H,0 1.47 g NaHCO 200 mg

¢ Laboratory instrumentation calibration

All calibration of instruments used for water quality analyses must be
documented on an appropriate laboratory data sheet. This is accomplished by
recording the following information:

o Date

0 True value of standards and calibration value

o Factor, if any, required to correct reading from meter
o Amount of drift

o Initials of person performing calibration

The following is a list of instruments that require calibration:

o Laboratory pH meter

Calibrate with two standard buffer solutions that cover the pH range of
the samples being analyzed. Calibrate at start of testing (daily) and check
for drift with one buffer solution periodically during laboratory use.

o Laboratory dissolved oxygen meter

Calibrate by running modified Winkler Full Bottle Technique (U.S. EPA,
1973) on three samples. Average and calibrate to this value. Run a final
Winkler daily to check for drift upon completion of analysis.

o Temperature meter (Dissolved oxygen meter)

Calibrate with NBS thermometer semiannually.

o Conductivity meter

Standarize monthly with standard potassium chloride (0.01M) as stated in
"Standard Methods", 14th Edition (Rand et al, 1975).
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Al

o Refractometer

Calibrate with water (U.S. EPA, 1975b).
3.3.1.3. Test substance--

The test substance can be one or more pure chemicals, a complex mixture
such as formulation, or an effluent. Some;imes, the test solutions are
not true solutions because they contain undissolved toxic agents.

o Basic test

The toxicant should be added to the dilution water or the toxicant

delivery system without the use of any solvent or other additive, except
water, if possible (U.S. EPA, 1975a).
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1f a carrier or vehicle 18 used to dissolve or dilute the test sub-
stance, it should possess as many of the following characteristics as
possible:

o 1t should not interfere with absorption, distribution,
metabolism, or retention of the test substance

6 it should not alter the chemical properties of the
test substance or enhance, reduce, or alter the toxic
charactétristic of the tast substance

0 1t should not affect the food and water consumption of
the test organism

6 at the levels used in the study, it should not produce
physioclogical effects or have local or systemic
toxicity (Anon., 1977).

Iﬂ !dditiﬁn. such a carrier or vehicle should, if possible, closely
resemble the substance to be used under expected conditions of use
(Adon., 1977).

The calculated concentrations of the additives to which any test
organism are exposed must never exceed one twentieth of the concentra-
tion of the toxicant and must never exceed one-tenth gram per liter of
water. Two sets of controls must be used, one exposed to no additive
and one exposed to the highest level of additive to which any other
organisms in the test are exposed (U.S. EPA, 1973).

The tegt substance should be of technical-grade. The lot and purity
of the test substance should be known and recorded. The stability of the
test substance in the stock solution should be determined. For long-term
studies, when the test substance is incorporated into the dilution water,
the concentration of the test dubstance in the dilution water should be
detérmined at the start of the study and samples collected periodically
to verify the concentration (Anon., 1977).

221



* Effluent Test

The test substance may be a sample of an effluent. Such asample must not
be aerated or altered in any way except that it may be filtered through a
sieve or screen with 2-mm or larger holes. Samples must be covered at all
times and violent agitation must be avoided. The collection of samples
should be based on an understanding of the short-and long-term operations
and schedules of the discharger if possible.

0 For effluent static tests, separate tests generally should be
conducted on at least two grab samples and more tests may often be desirable,
especially if there are known sources of variability such as process changes.
Tests should be begun as soon as possible, but must be begun within 8 hours,
after the sample is obtained. The temperature of the sample should be ad-
justed to the test temperature (12°C) and maintained at that temperature
until portions are added to the dilution water. Often it is convenient to
store the sample in the constant temperature water bath or area in which the
test chambers are placed during the test.

o For effluent flow-through tests, the sample of the effluent must
be taken continuously from the discharge line and introduced directly into a
small effluent headbox that feeds the toxicant delivery system. If the dis-
charge rate is not reasonably constant, flow-proportional continuous sampling

may be desirable. For effluents that are only discharged in batches, a grab
sample must be used and the test must begin within 8 hours after the sample
is obtained. The temperature of the sample should be adjusted to be within

the allowable test temperature range before it is added to the dilution water.

0 Special effluent tests may be conducted on altered or treated
samples of the effluent or on other samples to obtain additional information
concerning the toxicity of the effluent. When special tests are conducted,
the exact methodology must be described in all test reports (U.S. EPA, 1975a).

* Periodic Check of Concentration

During the test, it is desirable to measure the concentration of the
test substance in the test chambers as often as practical. At a minimum,
the concentration of the test substance must be measured in:

0 each test chamber at least once during the test

O at least one test chamber at the next to the
lowest test substance concentration at least once
every 24 hours during the test

O at least one appropriate test chamber whenever
malfunction is detected in any part of the
toxicant delivery system
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For replicate test chambers at the same test substance concentration,
the highest measured concentration divided by the lowest measured concen-
tration must be less than 1.2. If it is not, the toxicant delivery system
should be checked and additional samples from the proper test chambers should
be analyzed to determine if the sampling or analytical methods are precise
enough. In addition, the measured concentration of the test substance in any
test chamber must be no more than 307 higher or lower than the concentration
calculated from the composition of the stock solution and the calibration
of the toxicant delivery system. Measurement of degradation products of the
test substance is desirable (U.S. EPA, 1975).

Whenever samples from a toxicity test are analyzed, at least one reagent
blank must also be analyzed, if appropriate. Also, at least one sample for
the method of known additions must be prepared by adding test substance to
water from a control test chamber to match the next to the lowest test
substance concentration used in the toxicity test. Methods used for
analysis of test substances must be those specified in the latest edition of
the Annual Book of Standards, Part 31 (American Society for Testing Materials,
1974) or methods for Chemical Analysis of Water and Wastes (U.S. EPA, 1974a).
The accuracy of standard solutions should be checked against other standard
solutions whenever possible. Atomic absorption spectrophotometric methods
for metals and gas chromatographic methods for organic compounds are
generally preferable to colorimetric methods (U.S. EPA, 1975a).
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Reagent grade chemicals should be used in all tests. All reagents
should conform to the specifications of the Committee on Analytical Reagents
of the American Chemical Society, where such specifications are available.
Other grades may be used, provided it is first ascertained that the reagent
is of sufficiently high purity to permit its use without lessening the
accuracy of the determination (ASTM, 1974b). N

e Standard toxicant

To insure that the technical aspects of the bioassay are properly per-
formed, an internal standard is recommended (LaRoche et al., 1970). The
compound used routinely is sodium dodecyl sulfate (SDS), a surfactant and
membrane lytic agent. This compound produces a very sharp response curve
indicating an almost "all or none'" effect at concentrations of 1 to 2 mg/l.
While the use of an internal standard can serve as a quality assurance moni-
tor, it does not, in itself, validate an experiment. Adequate control
survival (> 85%) is the primary criterion for the success or failure of a
bioasgsay.

* Toxicant concentration selection

Generally a broad range of concentrations covering at least four orders
of magnitude is chosen initially. This is followed by a progressive bisection
of intervals on a logarithmic scale (Table 3.3.4) or decilog intervals (Table
3.3.5) (Rand et al., 1975).

TABLE 3.3.4 GUIDE TO SELECTION OF EXPERIMENTAL CONCENTRATIONS, BASED ON
PROGRESSIVE BISECTION OF INTERVALS ON LOGARITHMIC SCALE (Rand et al., 1975)

Column 1 Column 2 Column 3 Column 4 Column 5
10.0 - _— _— 8.7
—— —-— -— 7.5 -—
—_— — — —_— 6.5
-— -— 5.6 -—— —-—
—— - - _— 4.9
— — - 4,2 —-—
—_— —— -— - 3.7
—-— 3.2 —_— —_— ——
—— —— -— - 2.8
- —-— - 2.4 -
- - - - 2.1
——— —— 1.8 —-— -
_— - - - 1.55
—-— -—— -— 1.35 —_—
-— —_— - - 1.15
1.0 e - _— —_—

224



.TABLE 3.3.5 GUIDE TO SELECTION OF EXPERIMENTAL
CONCENTRATIONS, BASED ON DECILOG
INTERVALS (Rand et al., 1975)

Concentrations Log of Concentration
Column 1 Column 2
10.0 1.00
7.94 (or 7.9) 0.90
6.31 (or 6.3) 0.80
5.01 (or 5.0) 0.70
3.98 (or 4.0) 0.60
3.16 (or 3.15) 0.50
2.51 (or 2.5) 0.40
1.99 (or 2.0) 0.30
1.58 (or 1.6) 0.20
1.26 (or 1.25) 0.10
1.00 0.00

e Sample collection and handling

All effluent samples collected in the field should be accompanied by a
complete Field Data Sheet (Figure 3.3.1). Also, the sample containers used
should be labelled with the following information, using a waterproof marker:

o Name of water body

o Station number

o Number of subsamples of sample
o Date

o Time

o Name of collector.

A chain of custody form (Figure 3.3.2) should also be completed. The
samples during the transit stage must be at all times either under personal
care or in locked containers. Upon arrival at the laboratory the samples
are kept in a locked cabinet (e.g., preserved sample - benthic) or locked
refrigerator (e.g., bloassay samples) until analyses of such samples are
initiated. At the start of a project a professional level biologist is
assigned as project officer with the responsibility to keep a complete
project file, including all record sheets. It is also his or her respon-
sibility to be aware of the location of the samples in the laboratory and
their analytical status (U.S. EPA, 1975b).

e Safety precautions

Many toxicant agents can adversely affect human beings if adequate pre-
cautions are not taken. Therefore, contact with all toxic agents and test
solutions should be minimized, and special precautions should be taken with
volatile toxicants. Recommended handling procedures should be studied before
tests are begun with any toxic agent. Because many effluents contain
sanitary wastes, the investigators should be inoculated for typhoid, polio,
and tetanus before effluent tests are begun.
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Location

Collector

Sta. Depth (Ft.) Air Temp. (OF) ‘

SAMPLING METHOD (Circle)

Kemmerer Petersen Surber Manual
Plankton Net Seine Trawl Bucket

COMPOSITE DATA (Circle)

Flow Space Time
Observed Flow

Other Avg. Daily Flow
OBSERVATIONS (Circle)
Weather | Wind Ft. Wave Surface Bottom % TIDE CONDITION
= Clear North 0 Clean Qoze
P. Cloudy { East L 011 Sand LW HW LW
Nvercast | South 2 Garbage Gravel Slack Slack Slack
Fog West 3 Trash Clay
Drizzle 0-5 4 Gas Bubbles Rubble Flood Ebb
Rain MPH 5 Dead Fish Rock
Snow 5-15 >+ Sewage Shell Tide Stage (Height)
MPH Ind. Waste Organic Low
Over 15 Float Solids Normal
MPH High
WATER-Color From Plankton, Waste, Sediment, Other
Odor Fresh/Brackish/Salt
STREAM-Width (Ft.) Depth (Ft.) Low/Normal/Flood
Rapids % Pools % Riffles %
ANTMALS- Fish: Adults, Fry Insects: Adults, Larvae
PLANTS-Floating %Z Emergent % Sumberged _ %
Periphyton Algae
Samples to: Collection (Ending) Date Sample Temp. (°C)
Bact | Bio | Chem | Other Yr Mo Day
1 1 ]
Station No. Ending Time (24 Hr) DO (mg/1)
:
Sample Depth (Ft.) Beginning Date Cond. (uMHOS/CM)
‘ Yr Mo Day
| I | I
Lab Number Beginning Time (24 Hr) Salinity (Z.)
rpe of Sample pH Other
Grab | Composite {Sediment
Remarks

(EPA, Region II)

Figure 3.3.1 Field data sheet.

(U.s. EPA, 1975b)
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Lece

Name of Unit and Address:

Number

Unit Deacription of Samples

Peraon

Assuming Responsibility for Samples:

Time Date

Number Relinquished By: Time | Date | Received By: | Time | Date } Reason for Change of Custody
Number Relinquished By: | Time | Date | Received By: | Time | Date | Reason for Change of Custody
Number Relinquished By: Time | Date | Received By: | Time | Date ] Reason for Change of Custody

(EPA, REGION 1I)

Figure 3.3.2 Chain of custody form (EPA, Region II)




Although disposal of test solutions and test organisms poses no special
problem in most cases, health and safety precautions should be considered
before the beginning of a test.

Rinsing with acetone and other volatile solvents should be performed
only in well-ventilated areas.

3.3.1.4 Test subject--

An organism suitable as a test subject for Aquatic Bioassay must
possess a number of characteristics (Rand et al., 1975):

o Sensitivity to the material or environmental factors
under consideration

o Wide geographical distribution, abundance and avail-
ability throughout the year to allow comparative
studies of control and exposed organisms under
different environmental conditions and different
locations

o Availability of culture methods for its rearing in
the laboratory and knowledge of its environmental
requirements '

o0 Known recreational, economic, and ecological impor-
tance locally and nationally

0 Good general physical condition and freedom from
parasites and diseases.

The susceptibility of the test organisms to particular test substances
is an important factor to consider prior to choosing the test species.
Ideally, the most sensitive resident species should be bioassayed. Then,
the distribution of the test organism within the system being assayed should
be considered, -because ideally the organisms selected should be among the
representative species of the natural population (Martin, 1973).

The following sections discuss the species most sensitive to selected
chemicals and having other desirable characteristics as test subjects.

e Fish, Macroinvertebrates, and Amphibians

For acute toxicity studies, the following species have been found.
suitable as test organisms, because they are extremely sensitive to the test
chemicals (See Table 3.3.6), they have wide geographic distribution, abun-
dance, and availability throughout the year, and they adapt easily to
laboratory conditions:
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TABLE 3.3.6 24-, 40-, and 96-HOUR LC50 VALUES FOR THE SPECIES OF FRESHWATER AND ESTUARINE ORGANISMS
MOST SENSITIVE TO SELECTED CHEMICALS

Chemicals

ALDRIN

AROCHLOR 1016
R.H.C.
CHLORDAXE

ot

DURSBAN
DIELDRIN
ENDOSULFAN

EXDREN

HEPTACHLOR 657

HEPTACHLOR 747

HEPTACHLOR 997

L.LINDANE

MALATHION
METHOXYCHI.OR
PARATHION

TOXAPHEXE

2,64-1

CARBARYL.

MOLIXATE

PROPANTLL

Lepomis macrochirus (bluegill)
Papaemonetes sp. (grass shrimp)
(grass shrimp)

Palaemonetes sp.

Lepomis macrochirus (bluegiil)

Lepomis macrochirus (bluegill)

Salmo gairdneri (rainhow trout)

Pimephales promelas (fathead
minnow)

Gasterasteus aculeatus
(stickleback)
Palacmonetes sp. (grass shrimp)

fepomis macrochirus (bluceglll)

Oncorhynchus kisutch {coho
salmon)

(grass shrimp)

Cambusia affinis (mosquito
fish)

... 24tour (ngll) T
Most Scasitive Species

10.0
0.016
0.0007
0.00132
0.014
0.0036

0.00079

R2.0

0.00n

0.00%

2.0

.

T &0-Hour (mg/L)

_96-Hour (mg/l)

Most_Sensitive Species LCS0 Most Sensitive Species LCS0
Oncorhynchus tshawytscha 0.0106 Morone saxatilis (striped bass) 0.0072
(chinook salmon)
-- —— Crassostrea virginica (oyster) 0.102
Lepomis macrochirus (bluegill) 7.8 Panaeus duorarun (pink shrimp) 0.00034
lepomis macrochirus (blucgill) 0.032 Panaeus duorarun (pink shrimp) 0.0004%
Salmo clarki (cutthroat trout) 0.0016 Panaeus aztecus (brown shrimp) 0.0001
—-—— -— Panaeus duorarun (pink shrimp) 0.0007
Panacus aztecus (brown shrimp)  0.0004 Panaeus duorarum (pink shrimp) 0.00004
Fundulus similis (longnose 0.00023 Panaeus duorarun (pink shrimp) 0.0001
ki11fLsh)
- -— Panaeus duorarun (pink shrimp) 0.0001
Oncorhvnchus tshawytscha 0.026 Panaeus duorarun (pink shrimp) 0.0001
(chinook salmon)
-— -— Panaeus duorarun (pink shrimp) 0.00003
Pimephales promelas (fathead 0.070 Panaeus duorarun (pink shrimp) 0.0002
minnow)
Panacus duorarum (pink shrimp)  0.0125 Panaeus duorarun (pink shrimp) 0.0125
- -— Panaeus duorarun (pink shrimp) 0.0035
Poceilla veticulata (guppy) 68.0 Povcilia reticulata (guppy) 56.0
Cambusia affinis (mosquite 0.024 Cyprinodon variegatus (sheeps- 0.0011
fish) hcad minnow)
Lepomis macrochivus (bluegill) 1.1 -—— —
Carassius auratus (goldfish) 0.11 Oncorhynchus kisutch (coho 0.0013
salmon)
Palacmonetes sp. (grass shrimp) 29.0 Palacmonetes sp. (grass shrimp) 16.0
Gambusia alfinls (mosquito 1.0 Gambusia affinis (mosquite 9.46

fish)

{ish)

(continued)
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TABLE 3.3.6

(Continueﬂ)

24-Hour (mg/l)

40-Hour (mg/1)

96-Hour (mg/1)

Chemicals Most Sensltive Speclcs LCSO Most Sensitive Species LCS0 Most Sensitive Species LCSO
TRIFLURALIN -=- -—— Lepomis macrochirus (bluegill) 0.019 ———— —
KEPONE —— -——- — -— Leiostomus xanthurus (spot) 0.0066
L.A.S. Pimephales promelas (fathead 1.9 Pimephales promelas (fathead 1.7 —_— —
minnow) minnow)

PHENOL - -— Lepomis macrochirus (bluegill) 20.5 Lepomis macrochirus (bluegill) 19.3

CADMIUM Crangon secptemspinosa (sand 2.4 Crangon septemspinosa (sand 0.50 Salmo gairdneri (rainbow 0.0010
shrimp) shrimp) trout)

COPPER Pimephales promelas (fathead 0.04 Pimephales promelas (fathead 0.023 Pimephales promelas (fathead 0.022
minnow) minnow) minnow)

CHROMIUM Pimephales promelas (fathead 39.6 Pimephales promelas (fathead 19.7 Pimephales promelas (fathead 17.6
minnow) minnow) minnow)

LEAD Pimcphales promelas (fathead 8.18 Pimephales promelas (fathead 5.9 Salmo gairdneri (rainbow 1.17
minnow) minnow) trout)

MERCURY Morone saxatills (striped bass) 0.22 Morone saxatilis (striped bass) 0.14 Morone gaxatilis (striped bass) 0.09

NICKEL Moronce saxatilis (striped bass) 10.0 Poecilia rcticulaca (guppy) 6.7 Poecilia reticulata (guppy) 4.45

7.INC Morone saxatilis (striped bass) 11.2 Cyprinus carpio (carp) 9.3 Salmo gairdneri (rainbow trout) 0.430
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Grass Shrimp - Palaemonetes sp.
Pink Shrimp - Panaeus duorarum

Brown Shrimp - Panaeus aztecus

Sand Shrimp - Crangon septemspinosa
Fathead Minnow - Pimephales promelas
Sheepshead Minnow - Cyprinodon variegatus
Rainbow Trout - Salmo gairdneri

Cutthroat Trout - Salmo clarki

Coho Salmon -~ Oncorhynchus kisutch
Chinook Salmon - Oncorhynchus tshawytscha
Bluegill Sunfish - Lepomis macrochirus
Stickleback - Gasterosteus aculeatus

Killifish - Fundulus similis

Mosquito Fish - Gambusia affinis
Guppy - Poecilia reticulata
Striped Bass - Morone saxatilis
Gold Fish - Carassius auratus
Carp - Cyprinus carpio

Spot - Leiostomus xanthurus

e Macroinvertebrates

Daphnia magna was found to be the most senitive animal to herbicides
(Table 3.3.7) followed in descending order of sensitivity by seed shrimp,
In a study of

scud, glass shrimp, sowbug and crayfish (Sanders, 1970).

acute toxicity of various metals to freshwater zooplankton (Table 3.3.8),
Daphnia hyalina was more sensitive than either Cyclop abyssorum and

Eudiaptomus padanus.

brate a useful test organism for heavy metal pollutants.

In addition, Daphnia fulfills a whole series of requirements for

an animal to be used in water pollution tests:

o
o
o

o

it is easy to find everywhere
it is of small size but not miscroscopic
it has a simple level of organization thus

avoiding secondary effects of toxic chemicals
it is of rapid reproduction and easy to breed
in the laboratory (Baudouin and Scoppa, 1974).

e Aquatic Insects

Aquatic insects to be used as biological monitors of heavy metal
fishkills must fulfill three prerequisites (Nehring, 1976):

(o]

The insect should be more tolerant of
the heavy metals than the fish in question

231
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TABLE 3.3.7 THE 48-HR TL50 (mg/l) OF SOME HERBICIDES TO SIX SPECIES OF
FRESHWATER CRUSTACEANS AT TWO DIFFERENT TEMPERATURES (SANDERS, 1970)

HERBICIDE Waterflea Seed Scud Sowbug Glass Crayfish
Daphnia Shrimp Gammarus Asellus Shrimp Orconectes
magna Cypridopsis fasciatus brevicaudus Palaemonetes Snails

vidua kadiakensis
21°c 21°C 15.5°C 15.5°C 21°C 15.5°C

Diclone 0.025 0.12 0.24 0.20 0.45 3.2

2,4.D 0.10 0.32 2.6 2.2 2.7 100.0

ollvex

(P.G. BE) 0.18 0.20 1.0 0.50 3.2 100.0

Trifuralin 0.56 0.25 1.8 2.0 1.2 50.0

Molinate 0.60 0.18 0.39 0.40 1.0 5.6

Simazine 1.0 3.2 160.0 100.0 100.0 100.0

Vernolate 1.1 0.24 20.9 5.6 1.9 24.0

Silvex ‘

(B.E.E) 2.1 4.9 0.74 40 .0 8.0 0.0

2,4.D (Pi-

wmethyl-

amine )

sae) 4.0 8.0 - 1 i60.e 100.9 100.0 100.0
2,4.D _ L 3

- "(B.E.E.) 5.6 1.8 ' 5.9 3.2 1.4 100.0

Dichlobenil  10.0 7.8 18.0 34.0 9.0 22.0

niﬂ‘m‘id . 56 00 m‘O m.:.o‘. im.o g ..0 .im .0



TABLE 3.3.8 ACUTE TOXICITY OF VARIOUS METALS (mg/l, 48 hour TLS50)
TO FRESH WATER ZOOPLANKTON (Baudouin and Scoppa, 1974)

Metal Cyclops abyssorum Eudiaptomus padanus Daphnia hyalina
Calcium 7000 4000 3000.0
Magnesium 280.0 180.0 32.0
Strontium 300.0 180.0 75.0
Cesium 400.0 135.0 7.4
Chromium VI 10.0 10.1 0.022
Cobalt 15.5 4.0 1.32
Nickel 15.0 3.6 1.90
Lead 5.5 4.0 0.60
Mercury 2.2 0.85 0.0055
Zinc 5.5 0.50 0.040
Cadmium 3.8 0.55 0.055
Copper 2.5 0.50 0.005

o The insects must concentrate the toxic metal in relative
proportion to the metal content of the water

o The insects must concentrate the metal pollutant by some
predictable factor over a short time period

In this kind of experimentation a good bilo-accumulator is desirable.

Toxicity data for three aquatic insects are given in Table 3.3.9
(Warnick and Bell 1969). A comparison of the TL50 values of lead, zinc,
copper, nickel and cadmium to toxicity in fish, i.e., stickleback (TL50
mg/l for Zn = 0.01-10.0; for Cu = 0.01-0.02; for Ni = 0.08-1.0; for Pb =
0.1-0.4; for Cd = 0.03), reveals aquatic insects to be more tolerant of all
heavy metals tested. The Mayfly, however, was less tolerant of silver than
rainbow trout (Jones, 1938). Tables 3.3.10 - 3.3.13 (Nehring, 1976) compare
the levels of accumulation in the insect with the levels of exposure. 1In
each test, the average level of exposure was paired with the corresponding
average accumulation level in the insect. The correlation coefficients in
seven of the fourteen bioassays were 0.97 or greater (Table 3.3.14). These
correlation coefficients indicate that aquatic insects accumulate heavy
metals in relative proportion to the metal concentration in the water.
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TABLE 3.3.9 THE ACUTE TOXICITY OF SOME HEAVY METALS TO AQUATIC INSECTS
(Warnick and Bell, 1969)

96-hr
Metal Insect TL50 50% Survival
(mg/1) (days) (mg/1)
++ .
Cu from Cus0,°* 5H,0 acroneuria 8.3 (0.32
ephemerella 48-hr)
hydropsyche 14 32.0
+~+
ZIn  from ZnSO, 47H,,0 acroneuria 14 32.0
ephemerella 10 16.0
hydropsyche 11 32.0
cd*t from CdSOu*8H20 acroneuria 14 32.0
ephemerella 2.0
hydropsyche
PbH from PbSO, acroneuria 14 64.0
ephemerella 7 16.0
hydropsyche 7 32.0
++
Fe ' from FeSOu4 acroneuria > 14 64.0
ephemerella 0.32 7 16.0
hydropsyche 7 32.0
Ni++ from NiSOye 6H;0 acroneuria 33.5
ephemerella 4.0
hydropsyche > 14 64.0
Co++ from CoSOye 7H30 acroneuria 8 32.0
ephemerella 16.0
hydropsyche 7 32.0
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TABLE 3.3.10 COPPER BIOASSAYS, AVERAGE EXPOSURE vs.
AVERAGE ACCUMULATION (Nehring, 1976)

Mayfly (2 Replications) Stonefly (3 Replications)
Exposure Accumulation Exposure Accumulation
(mg/1) (ug/g) (mg/1) (ug/g)
10.0 9,125 12.2 2,540
4.82 5,787 10.4 2,096
2.51 3,882 8.13 1,767
1.22 1,933 6.47 1,199
0.63 1,240 —— e
0.00 94.7 0.00 122.3
TABLE 3.3.11 LEAD BIOASSAYS, EXPOSURE vs.
ACCUMULATION (Nehring, 1976)
Mayfly Stonefly
Exposure Accumulation Exposure Accumulation
(mg/1) (ug/g) (mg/1) (ug/g)
9.24 104,700 19.2 8,172
4,90 73,200 7.44 2,249
2.34 31,780 4.43 1,666
1.32 14,560 1.96 736.6
0.69 5,702 1.08 716.7
0.00 126.6 0.00 8.18
TABLE 3.3.12 SILVER BIOASSAYS, AVERAGE EXPOSURE
vs. AVERAGE ACCUMULATION (Nehring, 1976)
Mayfly (2 Replicationms) Stonefly (3 Replications)
Exposure Accumulation Exposure Accumulation
(mg/1) (ug/g) (mg/1) (ug/g)
0.75 65.31 0.738 53.28
0.40 36.65 0.399 30.76
0.23 47.97 0.217 22.95
8: 48 5813 R 14:¢3
0.00 0.00 0.000 3.97
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TABLE 3.3.13 ZINC BIOASSAY, EXPOSURE vs. ACCUMULATION (Nehring'1976)

Mayfly Stonefly .
Exposure Accumulation Exposure Accumulation
(mg/1) (ug/g) (mg/1) (ug/g)
9.20 2,361 13.6 561.2
4.32 2,381 5.54 497.1
2.29 2,187 2.83 415.7
1.04 2,029 1.61 507.7
0.60 1,794 0.77 439.4
0.00 1,116 0.00 ~357.2

TABLE 3.3.14 BIOASSAY PARAMETERS AND CORRELATION COEFFICIENTS
(Nehring, 1976)

Test Metal Test Insect Range of Exposure Correlation
(metal in mg/1) Coefficient
Copper Stonefly 0.74 - 13.9 0.986
Copper Stonefly 5.51 - 18.5 0.901
Copper Stonefly 6.47 - 12.2 0.994
Copper Mayfly 0.63 - 10.0 0.982
Copper Mayfly 0.08 - 1.06 0.974
Lead Stonefly 1.08 - 19.2 0.991
Lead Mayfly 0.69 - 9.24 0.985
Silver Stonefly 0.05 - 0.74 0.996
Silver Stonefly 0.004- 0.067 0.909
Silver Stonefly 0.006- 0.104 0.830
Silver Mayfly 0.06 - 0.75 0.893
Silver Mayfly 0.01 - 0.15 0.666
Zinc Stonefly 0.77 - 13.6 0.779
Zinc Mayfly 0.60 - 9.20 0.694
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The predictable factor, termed "concentration factor", is determined
by dividing the average level of exposure into the average level of metal
accumulation in the insect. The concentration factor is very effective in
estimating the average level of exposure to lead, copper, and silver
(Table 3.3.15) (Nehring, 1976). 1In 19 of 28 instances, the concentration
factor estimated the actual level of exposure with an accuracy of 80% or
better. In 10 of 28 instances, the concentration factor estimated the actual
level of exposure with an accuracy of 90% or greater. Thus aquatic insects
as tested do concentrate heavy metals by some predictable factor.

TABLE 3.3.15 EFFECTIVENESS OF CONCENTRATION FACTORS
IN ESTIMATION OF AVERAGE LEVELS OF EXPOSURE TO LEAD, COPPER
AND SILVER (Nehring, 1976)

Percent Accuracy Frequency
i 50 - 59% : 1/28
60 - 692 3/28
70 - 79% 5/28
i 80 - 89% 9/28
90 - 992 10/28

In summary, aquatic insects fulfill the three prerequisites mentioned on
pages 231 and 233, and appear to be excellent biological monitors of heavy
metal pollution. They are more tolerant of metal than fish, they accumulate
metal in relative proportion to the metal concentration in the water and
they concentrate the metal by some predictable factor.

e Benthos
o In a study (Hansen et al., 1974g the American oyster, brown

shrimp and grass shrimp were found to be about equally sensitive to
Aroclor 1016 (Table 3.3.16).

TABLE 3.3.16 AROCLOR 1016 (Hansen et al., 1974a)

Test Organism Scientific Name %ggp;i

Oyster Crassostrea 10.2
virginica

Brown Shrimp Panaeus aztecus 10.5

Gr;ss Shrimp Palaemonetes sp. 12.5
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In addition to its sensitivity, the American Oyster possesses a wide
geographic range extending from Price Edward, Canada, along the Atlantic
Coast to the Gulf Coast of Texas. It is now feasible to spawn adult oysters,
rear the larvae, and maintain the spat and juvenile oysters under controlled
laboratory conditions.

o The midge (Chironomus species) was found to be the most
sensitive test organism to certain metals (Table 3.3.17) (Rehwoldt, et al.,
1973):

Mercury++(24-hr LC50 = 0.06 mg/1)
Copper++(24-hr and 96-hr LC50 = 0.65 and 0.03 mg/l)
Nickel++(24-hr LC50 = 10.2 mg/l; 96~hr LC50 = 8.6 mg/l)

In the same study, the scud (Gammarus gspecies ) was the most sensitive

organism to zinc++, cadmiumt+ and chromiumit+ in both 24 hour and 96 hour
acute toxicity study, and to mercury++ in 96 hour.

o Green Algae (Dunaliella tertiolecta Butcher), found in marine
and estuarine waters, has shown the most linear response for every parameter
examined (McLachlan, 1960). An additional advantage of green algae is that
it requires no outside sources of vitamins (Provasoli, 1963). Dunaliella
tertiolecta has been shown to be a highly versatile and consistent bioassay
organism for nutrient assessment in marine, estuarine, and some freshwater
gituations. It will respond to concentration at least as low as 2.5 mg
phosphorus (P)/1; 10 mg ammonia (N)/1 and 50 mg nitrate (N)/1 in defined
media (Specht and Miller, 1973). Green algae was also found to be one of
the most sensitive species to herbicides (Table 3.3.18) (Hollister and
Walsh, 1973).

The following are the average EC50 values (ppb) from Table 3.3.18 for
four herbicides and four families of marine unicellular algae.

Family Number of Species Neburon Diuron Atrazine Ametryne
Tested EC50 EC50 EC50 EC50
Chlorophyceae , 6 23 22 104 31
Bacillariophyceae 8 77 67 265 65
Chrysophyceae 3 24 13 92 11
Phodophyceae 1 24 24 79 35

The family of Chrysophyceae as a whole was generally the most sensitive. 1In
addition to Dunaliella tertiolecta, Skeletonema costatum is an ecologically
important phytoplankton that is common to a wide geographic range of neritic
waters and Thalassiosira pseudonana is sensitive to heavy metals and has an

8 hour generation time which offers great practical value in the establish-
ment of toxicological responses. Both Skeletonema costatum and Thalassiosira
pseudonana have been recommended by EPA (US. EPA, 1976).
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TABLE 3.3.17 THE TOXICITY (LC50, mg/l) OF SOME HEAVY METAL IONS TOWARD BENTHIC ORGANISMS
(Rehwoldt et al., 1973)

Test- JC_urH g&H 1 _Cd:H' E&‘j cett
Organisms 24hr  96hr 2hhr 96hr: ;. 24 hr' 96hr ' v 24hr 96hr" 24hr 96hr - 24hr 96hr
Bristle Worm 2.3 0.09 21.2 18.4 16.2 14.1 4.6 1.7 1.9 1.0 12.1 9.3
Scud 1.2 0.91 10.2* §8.1* 15.2 13.0 0.14* 0.07* 0.09 0.01* 6.4*% 3,2%

(amphipoda)

Caddis Fly . 12.1 6.2 62.6 58.1 48.4 30.2 5.1 3.4 5.6 1.2 58 50
Damsel Fly 10.2 4.6 32 26.2 26.4 21.2 11.0 8.1 3.2 1.2 46 43.1

(zygoptera) :

Midge 0.65*% 0.03* 21.5 18.2 10.2% 8.6%* 5.1 1.2 0.06% 0.02 16.5 11.0

(Diptera)

Snail (egg)‘ 4.5 9.3 28.1 20.2 26.0 11.4 5.1 3.8 6.3 2.1 15.2 12.4

(Gastropoda) -

Snail (adult) 1.5 0.9 16.8 14.0 21.2  14.3 10.1 . 8.4 1.1 0.08 10.2 8.4

-

*Most sensitive
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TABLE 3.3.18 EC50 (ppb) OF NEBURON, DIURON, ATRAZINE, AND AMETRYNE ON
OXYGEN EVALUATION BY MARINE UNICELLULAR ALGAE. STANDARD
ERRORS (SE) WERE DERIVED BY UNWEIGHTED PROBIT ANALYSIS
(Hollister and Walsh, 1973)

Neburon Diuron Atrazine Ametryne
Family Speclen
K50 SE 1ECS0 SE EC50 SE EC50 SE

Chlorophycear

Chlamydomonax xp. 37 5 17 3 I‘:g 8 :l 2

hunaliclta tertiolecta 10 3 1] 3 "),2 lg 0 .

Platymonas sp. 12 5 17 3 143 § 2; ;

thlerella sp. 22 3 19 2 ; 3 ;

Neochloris sp. 19 [ 28 5 82 ; 36 ;

Chlorocaccum wp. 20 3 20 4 80 10
Racillariophyvecae

Thalanslonira fluviatilis 108 9 95 10 110 19 58 7

Navicula Inscrea 124 " 93 12 460 15 97 9

Amphora cxlgua 82 5 11 4 300 2 fg ?

Achnanthes brevipes 23 6 2% | W 1 |

Stauroncis amphoreides 17 3 4 2 67 65 8

Cyclotella nana 11 4 19 7 :/; 19 55 s

Nitzuchla ¢losterium 120 13 50 ;]| 6 2t 68 l6§ |

Nitzachia (Ind. 684) 141 9 169 17 43 84 3 1
Chrysophyccae . H-

Monochrysis lutherl 12 [ 18 .’ ;(7, 23 14 :

Igochrysis galhann 20 5 10 3 1 o 17 10

Phicudiactylum €ricoraut um 40 7 10 ) In l? 10 5
Rhodophyceac

Porphyridium crucntum 24 4 24 3 79 Y 35 ]

o The Diatom has been chosen frequently as bioassay organism
because of the large number of species of Diatom present in almost all
natural waters. These species have very different ranges of tolerance to
ecological conditions. They are a very important food source for most
forms of aquatic life that feed upon plants and they carry out the process
of photosynthesis which is so important in the generation of oxygen needed
by all organisms. Because they consist of many species that have populations
composed of varying number of specimens, they are an excellent group to treat
statistically in analyzing their reactions to varying ecological conditionms.
Furthermore, one can collect diatoms and retain them for long periods before
study without losing their characteristics for identification (Glass, 1973).

In a study of the effect of copper upon the growth of phytoplankton,
Cyclotella nana, a representative diatom, was found to possess a great
gensitivity to copper (Table 3.3.19) (Erickson et al., 1970).
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TABLE 3.3.19 THE GROWTH SENSITIVITY OF ALGAE TO COPPER
(Erickson et al., 1970)

Organism ug Cu/l
0 50 100 500 100 1500 2000 3000
Porphyridium cruentum + + +
Monochrysis lutheri + + +
Nannochloris oculata + + +
Amphidinium carteri + +
Skeletonema costatum + + +
Ohisthodiscus luteus + +
Chaetoceros sp. +
Nitzschia closterium + + +
Platymonas subcordiformis + + +
Cyclotella nana +
Dunaliella tertiolecta + + + + + + + +
Isochrysis galbana + + +

+ = Visible growth after 14 days

Naricula seminulum, another species of diatom, was found to be the most
gsengitive to nitrilotriacetic acid (NTA) (Table 3.3.20) (Sturm and Payme,
1973). An additional advantage of diatoms is that the use of unialgal diatom
cultures for laboratory bioassay analysis has been an accepted ASTM (American
Society for Testings and Materials) method for several years (Patrick, 1964).

TABLE 3.3.20 THE COMPARATIVE STATIC, ACUTE TOXICITY OF NTA TO
BLUEGILLS, SNAILS, AND DIATOMS EXPRESSED AS mg/1l
(Sturm and Payne, 1973)

Test Organisms Scientific Name 96 hr TL50 mg/l gngrgggggffss
Bluegill Lepomis macrochirus 252 60
Snails Physa leterastropha 373 60
Diatoms Naricula seminulum 185 60
Bluegill Lepomis macrochirus 487 170
Snails Physa leterastropha 522 170
Diatoms Naricula seminulum 477 170

In addition to the diatom, the following species have been successfully
utilized in biocassay and have been proposed by EPA in the algal assay Bottle
test (Payme, 1975).

0 Selenastrum capricornutum
o Microcystis aeruginosa
0 Anabaena flos-aquae
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Of the three species selected, Selenastrum capricornutum is the easiest
to culture and to use in testing. Its growth rate is approximately twice
that of the two blue-green Microcystis aeruginosa and Anabaena flos-aquae.
Its growth responses normally are more clearly nutrient dependent and test
results, therefore, are easier to interpret.

e Protozoans

Protozoa, algae, and bacteria form the broad bases of the aquatic food
chain. Ciliates are among the most numerous organisms of the estuarine
benthos (Borror, 1963), and may be most important as nutrient regenerators
(Johannes, 1965). Also, some ciliates, including Tetrahymena pyriformis,
can concentrate certain pesticides and PCB's (Cooley et al., 1972; Gregory
et al., 1969). Tetrahymena pyriformis has been used as test organism (Rand
et al., 1975) for the following reasons:

o it occurs in freshwater and salt marshes

o it has world-wide distribution

o it is readily grown in axenic culture

o its physiology has been studied extensively

Tetrahymena pyriformis strain W and HSM. has been used successfully in
many bioassays (Elliott et al., 1973; Corliss, 1970).

The sensitivity of T. pyriformis strain W to insecticide is shown in
Table 3.3.21 ( Cooley, 1973).

TABLE 3.3.21 SENSITIVITY OF T. PYRIFORMIS, STRAIN W, TO INSECTICIDES
(Cooley, 1973)

Toxicant Growth Rate 96-hr. population Accumulation (X in-
reduction density reduction _itial concentration)
Mirex 33% at 0.9 ug/1 12% at 0.9 ug/l 193 X
Aroclor 1248 18.9% at 1 mg/l 9.6% at 1 mg/l 48 X
Aroclor 1254 8% at 1 ng/l 10% at 1 g/l 60 X
Aroclor 1260 19.1 to 25% at 13.6 to 22.4% 79 X
1 mg/1 at 1 mg/l

These data indicate that a significant reduction in population growth
and 96-hr population density occurred at low toxicant concentrations.
T.pyriformis, strain HSM, has been chosen as test species because:

o it is a large, mobile cell, easy to observe and
count under relatively low power of magnification

o it has been in culture for 30 years without known
genetic change

o its cell is easily grown and has a generation time
of 3 hrs at room temperature,
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Table 3.3.24 shows the lethal concentrations of certain heavy metals for
Tetrahymena and several species of fish.

These data suggest that with the exception of lead nitrate,
T. pyriformis is a more sensitive indicator of water pollution due to heavy
metal contamination than fish. In addition, T. pyriformis is, in turn, part
of the zooplankton which serves as food for organisms higher in the food chain.
Therefore, toxic damage to T. pyriformis should give an indication that
harmful changes are likely to occur in those organisms which are higher in
the food chain (Carter and Cameron, 1973).

* Microorganisms

Keil et al. (1972) described a commercial PCB formulation at a
concentration of 0.1 ug/ml which stimulated the growth of Escherichia coli.
Little information on the interactions of PCB's with heterotrophic
microorganisms is available (Keil et al., 1972). Bourquin et al. (1975),
in the study of inhibition of growth of estuarine bacteria by PCB, came to
the realization that most of the sensitive bacteria were gram-positive
(Table 3.3.23).

In addition, Trudgill et al. (1971) performed a test on the comparative
effects of organochlorine on bacterial growth ( Table 3.3.24). The gram-
positive bacteria were found to be more sensitive than gram-negative
bacteria and, particularly, the Bacillus species was the most sensitive,
judged by the range of inhibition of growth by insecticides.

s Species Recommended for use in Aquatic Bioassay Tests

Some tolerant and sensitive species were recommended for use in aquatic
biloassay tests by Arthur Scheier (Academy of Natural Sciences of
Philadelphia).

Among the fish suggested were:

o the sensitive brook trout - Salvelinus fontinalis
o the more tolerant free-swimming bluegill - Lepomis

macrochirus
o the tolerant scavenger channel catfish - Ictalurus
punctatus
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TABLE 3.3.22 COMPARISON OF LETHAL CONCENTRATIONS OF POLLUTANTS ON
TETRAHYMENA AND OTHER AQUATIC ORGANISMS (McKee and Wolf, 1963)

Tetrahymena dala from
present study
Water Concentration Water Concentration
Compound condition Organism Time (mgl-Y) condition (mg)-*)¢
ic chloride Unknown Minnows 42 min 10 Softt a2
ercuric chloride Herd§ 1.8%
sulfate Distilled Minnows 333h 400 Distilled 5.77
nitrate “Solt™y Faihead mionows 96 h k I 24 Soft 32.75
nitrate “Hard™g Fathcad minnows % h 1003 Hard 250
it sulfate Unknown Stickleback Unknown 10 Distilked 4.08
i sulfate Distilled Minnows 3h 1042 Distilled 0.34

* McKee and Wour (1963).
t Distilled water containing 20 mg 1-* calcium carbonate.

¢ Tolerance limit median (concentration whnchhllsiﬂpermloflheorpnmnsm%b),

§ Distilled water containing 400 mg |~ calcium carbonate.
1 Calcium carbonaic concentration not specified.

TABLE 3.3.23 INHIBITION OF GROWTH OF ESTUARINE BACTERIA IN NUTRIENT
SEAWATER MEDIUM BY PCB'S ( Bourquin et al., 1975)

cERL Gram Aroclor® 1242(mg) | Aroclor® 1016(eg)
Culcurs Reaction & ‘

No. Morphology GCenus 0.1 0.2 0.5 0.1 0.25 0.5
3 + ROD Unknown ++ - ++ ++ ~*
21 = ROD Unknown ++ +~+ S ad ++ -
35 - ROD Flavobacterium sp. +~ - -~ + et e
39 - COCCOID Uaoknown - +-+ -+ +~+  aa iR o
53 - ROD OUnknown ++ b b | =t e
54 + ROD Bacillus sp. el +- S ad + i . o
7 + ROD Bacillus sp. + + + X + ++

9 + ROD Bacillus sp. + ++ +-+ + =

k) - ROD Unknown + + -+ + + -
60 + BOD Bacillus sp. + + + > -~ *+
86 - ROD Flavobacterium sp. + + + X + +
100 - ROD Pseudomonas sp. + -+ +~+ + +~+ Al
8 + ROD Corynebacterium sp. b 4 + +~ b 4 + +*

pu g ~ ROD Achromobacter sp. X + +~+ X + -
42 + COCCUs Micrococcus $p. X + +~+ b 4 + +*+
L) + COCCUS Micrococcus sp. b 4 + + - X +
93 + ROD Unknown b 4 + + - X +
43 + COCCUS Micrococcus sp. - + A ad _ +
] -~ CoCccoID Serratia sp. _ — * - .
13 - ROD Achromobacter sp. - - ++ _ - had
28 = ROD Achromobacter sp. - - - - I
32 + ROD Corynebacterium sp. - + + - x +
41 ~ COCCOID Unknown - - - - -
67 -~ ROD Achromobacter sp - + + - - +
69 «~ BOD Unknown - - -~ - - *

Degree of sensitivicy: +4++(18-20 mm zona), ++(16~18 mm), +(14-16 mm), X(slighcly),

—{not sensitive).
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TABLE 3.3.24 THE EFFECTS OF ORGANOCHLORINE INSECTICIDES
ON BACTERIAL GROWTH (Trudgill et al, 1971)

Insecticide
Micro-organisas
> =
A 4 A 4 -
: s 2 c €
] [ [ &~ - -
c ° ° o Ae [ = b
§ 5 & = 3 ¢ £ @ 3
s z Z ¢ 3 2 2 K} = §
= S 2] = a < o - >
Cram~posicive
Bacillus megaterium - - - - - - - - -
B. subcilds - - - - - - - + +*
Streptomyces antibioticus - - - - - - - -
Nocardia sp. 8 - - - - - - - - (+) +
Cotynebacterium sp. TI - - - - - - - + +* +
8. cereus - - - - - - - (+) + +
Boesrdia sp. A - - - - - - + + + +
¥icrobactarium flavm - - - - - - + + + +
Micrococcus lysodeaikticus - - - - - - + + + +
Staphylococcus aldbus - - - - - - + + + +
Staphylococcus aureus - - - - - * + + + +
Sarcins lutea - - +) + + + + + + +
Streptococcus fascalis - -
Gram~-variable
Arthrobacter simplex - - - - + * + + +
Pseudomonas fodinum -
' Gram—nagacive
Achromobactar butyrt + + + + + + + + + +
Achromobactar sp. PCs + + + + + + + + + +
. Escharichia coll + + + + + + + + + +
ﬁh&suulnannuuua + + + + + + + + + o+
. actdivorans + + + + + + + + v e +
?. aureofaciens + + + + + + . (+) + + +
P. dsbalogens + + + + + + + + + +
P. fluorescens + + + + + + + + + +
P. fluorescens + + + + + + +* + + +
?. multivorans + + + + + + + + + +
P. putida + + + + + (+) + + + +

+, Growth not inhibited; (+), growth slightly inhibited; -, zzuﬁth seversly or complataly inhibiced.
Anong the Invertebrates were:

o the mayfly - Isonychia bicolor
o the waterflea - Daphnia pulex
0 twWo snails:
~ the sensitive gilled snail - Amnicola limosa
- the tolerant pulmonate snail -~ Physa heterostropha

Algal species suggested by Scheier are: the diatoms - Nitzschia
closterium and Navicula seminulum. Mount (1968) 1lists some twenty fish
species which have merit as bioassay test organisms (Table 3.3.25) and
recently U.S. EPA (1975a) has listed recommended species for general bioassay
use (Table 3.3.26).
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TABLE 3.3.25 FISH SPECIES RECOMMENDED FOR USE IN AQUATIC BIOASSAY

TESTS (Mount, 1968)

Common Name

Threadfin shad
Brook, trout
Rainbow trout
Northern pike
Emerald shiner
Fathead minnow
White sucker
Channel catfish
White.bass
Bluegill
Largemouth bass

Yellow perch

Limited Distribution

Coho salmon

Lake trout

Lake herring
Mountain whitefish
American smelt
Smallmouth bass

Walleye

Genus and Species

Dorosoma petenense

Salvelinus fontinalis

Salmo gairdnmeri

Esox lucius

Notropis atherinoides

Pimephales promelas

Catostomus commeraoni

Ictalurus punctatus

Morone ;htyaqpa

Lgpqmia macroqhirus

Micropterus salmonides

?erca flavescens

Oncorhynchus kisutch

Salvelinus namaycush

Coregonus artedii

Prosopium williamsoni

Osmerus mordax

Micropterus dolomieui

Stizostedion vitreum

246



TABLE 3.3.26 RECOMMENDED SPECIES AND TEST TEMPERATURES
(u.s. EPA, 1975)

Recommended test

Recommended species temperature (°C)
Freshwater
Vertebrates
Coho salmon, Oncorhynchus kisutch 12
Rainbow trout, Salmo gairdmeri 12
Brook trout, Salvelinus fontinalis 12
Goldfish, Carassius auratus 22
Fathead minnow, Pimephales promelas 22
Channel catfish, Ictalurus punctatus 22
Bluegill, Lepomis macrochirus 22
Invertebrates
Daphnids, Daphnia magna or D. pulex 17
Amphipods, Gammarus lacustris, G. fasciatus, 17
or G. pseudolimnaeus 17
Crayfish, Orconectes species, Cambarus species 22
Procambarus species, or -‘Pacifastacus leniusculus 22
Stoneflies, Pteronarcys species 12
Mayflies, Baetis species or Ephemerella species 17
Mayflies, Hexagenia limbata or H. bilinata 22
Midges, Chironomus species 22
Marine and estuarine
Vertebrates
Sheepshead minnow, Cyprinodon variegatus 22
Mummichog, Fundulus heteroclitus 22
Longnose killifish, Fundulus similis 22
Silverside, Menidia species 22
Threespine stickleback, Casterosteus aculeatus 22
Pinfish, Lagodon rhomboides 22
Spot, Leiostomus xanthurus 12
Shiner perch, Cymatogaster aggregata 12
Pacific staghorm sculpin, Leptocottus armatus 12
Sanddab, Citharichthys stigmaeus 12
Flounder, Paralichthys deéntatus, P. lethostigma 22
English sole, Parophrys vetulus 12
Invertebrates
Shrimp, Panaeus setiferus, P. duorarun P. aztecus 22
Grass shrimp, Palaemonetes species 22
Shrimp, Crangon species 22
Oceanic shrimp, Pandalus jordani 12
Blue crab, Callinectes sapidus 22
Dungeness crab, Cancer magister 12
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e Source and Size of Test Organisms

Bioassay organisms are obtained from one of two sources: natural
sources such as lakes or streams, or from commercial suppliers. Organisms
obtained from natural sources are generally preferred because they .
represent the condition of naturally occurring organisms, especially if the
organisms are from the water body under study.

However, because their previous exposure to various chemicals is not
readily known, performance of bioassay analyses on these organisms '
may, on occasion, lead to erroneous results. Another disadvantage is that
because these organisms must be captured, the source of supply is not always
assured. Specimens obtained from commercial suppliers have the advantage
that they are usually from sources where the history of exposure is known.
A disadvantage with the supply house organisms is that they often come
from sources quite different from the water being assayed; even the same
species from different sources may have quite different susceptibility to
test materials. Additionally, some of these organisms have been inbred,
resulting in various strains that are ideal for test accuracy and
reproducibility (Lenon, 1967), but data obtained may be difficult to apply to
natural populations of the same species.

Organisms captured by electroshocking should not be used. All organisms
in a test should be from the same source and be as healthy and uniform in
size and age as possible. Whenever trout are to be used, certified disease-
free fish (free of infectious pancreatic necrosis, furunculosis, kidney
disease, and whirling disease) should be obtained. Freshwater amphipods,
daphnids, and midge larvae should.be reared .in.the. testing. facility. from
laboratory cultures. Daphnids from cultures in which ephippia are being
produced should not be used (U.S. EPA, 1975a).

The size of the test organism is a major consideration. The organism
should not be so small that it is difficult to observe and contain in the
test cell, especially if the tests incorporate large continuous flow
apparatus with a continuous discharge of test water. This notion is
changing with increased emphasis on diatoms, protozoans, and small
invertebrates as bioassay organisms. Test species, on :the other hand,
should not be so large as to limit their activity, body functions, and
handling advantages in the test units (Rand et al., 1975; Sprague, 1971).

o Fish
Very young (not yet actively feeding), spawning or recently spent fish

should not be used. The use of fish that weigh between 0.5 and 5.0 g each
is usually desirable. Embryos and newly-hatched fish are sometimes more
sensitive than older ones and can be ‘tested if appropriate precautions are
taken. The standard length (tip of snout to end of caudal peduncle) of
the longest fish should be no more than twice that of the shortest fish
(U.S. EPA, 1975a).
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o0 Invertebrates

Immature organisms should be used whenever possible. Daphnids should be
in the first instar; amphipods, stoneflies and mayflies in an early instar;
and midges in the second and third instar (U.S. EPA, 1975a).

o Amphibians
Young larvae should be used whenever possible (U.S. EPA, 1975a).
o Shrimps
Larval stages should be used.
o Mollusks
For mussel and oyster, adults o; juveniles should be used.
o Lobster
Adults or juveniles should be used (Rand et al., 1975).
e Care and Handling

It is of utmost importance for bioassay studies that the test animals
be kept in excellent condition before the test. Never allow abrupt changes
in environmental conditions. In general, aquatic organisms should not be
subjected to more than a 3°C change in water temperature in any 12-hour
period. During transport to the laboratory, do not crowd the organisms,
supply plenty aof oxygen and maintain a favorable temperature (U.S. EPA,
1975a).

The dissolved oxygen concentration must be maintained between 60% to
100Z of the saturation concentration; gentle aeration may be used 1if
necessary (U.S. EPA, 1975a). Provide adequate flow-through water so
that the dissolved oxygen, pH, carbon dioxide, salinity, hardness, and other
characteristics are favorable. Generally use a flow-through rate
equivalent from 6 to 16 tank volumes per day (Rand et al., 1975).

Test organiams should be fed at least once a day and the tank scrubbed
at least twice a week. Remove within 24 hours all uneaten food that collects

on the bottom or in cornmers. Recommended diets and feeding schedules are
given in Table 3.3.27 (Lenon, 1967).

Shield the tank with curtains or some other means to protect the
organisms from nearby movements and noise. Provide photoperiods and light
intensities favorable to the organisms. In long-term studies for those
species that require annual light cycle photoperiods, simulate the natural
seasonal daylight and darkness period with appropriate twilight periods.

Make adjustments in photoperiod on the first and fifteenth of every test
month.
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TABLE 3.3.27 DIETS AND FEEDING SCHEDULE (IN DAYS PER WEEK*) AT THE
FISH CONTROL LABORATORY FOR VARIOUS BIOASSAY SPECIES (Lenon, 1967)

2 . ;
o o o
= o @ =
Species 29 8% A
-~ )
5083 . S S4B &
83 &% 3 2 & 2
S8 & 3 3 & 8@ &
Rainbow trout (Salmo gairdneri) 7 1 2
Brown trout (Salmo trutta) 7 2 5
Brook trout (Salvelinus fontinalis) 7 5
Lake trout (Salvelinus namaycush) 7 2 5
Northern pike (Esox lucius) 2 7 2 2(a)
Goldfish (Carassius auratus) 7 2
Carp (Cyprinus carpio) 7 2
Fathead minnow (Pimephales promelas) 7 5
White sucker (Catostomus commersoni) 7 1 5 2(b,c)
Black bullhead (Ictalurus melas) 7 1 5 2(b,c)
Channel catfish (Ictalurus punctatus) 5 1 5 2(b)
Green sunfish (Lepomis cyanellus) 7 5
Bluegill (Lepomis macrochirus) 5 2 7
Smallmouth bass (Micropterus dolomieui) 5 7 2 2(a)
Largemouth bass (Micropterus salmoides) 2 5 2 7 2(a)
Yellow perch (Perca flavescens) 2 5 2 2
Walleye (Stizostedion vitreum) 2 5 7 2 2(a)

*Large size fish are ndot fed on weekends.
(a) minnows (Pimephales promelas).
(b) soybean meal.
(¢) torula yeast.

For details see Table 3.3.28 Test Photoperiod for Brook Trout, Partial Life
Cycle (Rand et al., 1975). 1In short-term tests, standard photoperiod of 14
hour light, 10 hour dark is suggested, but often the usual laboratory light-
ing is adequate.

Hold field collected animals in quarantine for at least seven days to
observe them for disease, stress, physical damage or mortality. If more
than 10Z of the collected animals die after the second day or they are
heavily parasitized or diseased and the problem cannot be controlled, destroy
the lot and clean and sterilize all containers and equipment used. At the
end of the quarantine period, transfer the test organisms that appear to be
disease-free to the regular laboratory stock tanks. The handling should be
done as gently, carefully, and quickly as possible. Organisms that touch a
dry surface or are dropped or injured during handling must be discarded.
Small dipnets are best for handling small fish. Smooth glass tubes with
rubber bulbs should be used for transferring smaller organisms such as
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TABLE 3.3.28 TEST (EVANSVILLE, INDIANA) PHOTOPERIOD FOR BROOK TROUT,
PARTIAL LIFE CYCLE (Rand et al, 1975)

i

Dawn to Dusk Time Date Day Length (hr & min)
6:00-6:15 Mar. 12:15
6:00-7:00 15 13:00
6:00-7:30 Apr. | 13:30
6:00-8:15 15 14:15
6:00-8:45 May t 14.45
6:00-9:15 15 15:1§
:x: i? . June l:‘ : ; ;2 Juvenile-adult exposure
6:00-9:45 july 1 15:45
6:00-9:30 15 15:30
6:00-9:00 Aug.- 1| 15:00
6:00-8:30 15 14:30
6:00-8:00 Sept. 1 | 14:00
6:00-7:30 15 13:30
6:00-6:45 Ox. ! 12:45
6:00-6:15 15 12:15 S . d incubat
6:00-5:30 Nov. 1 11:30 Spawming and €gg mcudbauon
6:00-5:00 15 11:00
6:00-4:45 Dec. 1 | 1045
6:00-4:30 15 |10:30
6:00-4:30 Jan. 1| 10:30 —
6:00-4:45 15 | 1045 Alevin-juvenile exposure
6:00-5:15 Febe | | 11215
6:00-5:45 15 11:45

Daphnids and midge larvae. Equipment used to handle aquatic organisms
should be sterilized between uses with an Iodophor, 200 mg of Hypochlorite/
liter or 30% Formalin plus 1% Benzalkonium chloride (U.S. EPA, 1975a).

Generally organisms should not be treated for disease during the first
16 hours after they arrive at the facility because they are probably stressed
due to collection or transportation and some may have been treated during
transit. However, immediate treatment is necessary in some situations, such
as treatment of bluegills for columnaris during hot weather (U.S. EPA 1975a).
To reduce mortality and to avoid introduction of disease into stock tanks,
treat with a wide-spectrum antibiotic immediately after collection or during
transport. Holding in tetracycline (15mg/l) for 24 to 48 hours can be very
helpful (Rand et al., 1975).

Table 3.3.29 gives recommended prophylactic and therapeutic treatments
for freshwater fish (U.S. EPA, 1975a).
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TABLE 3.3.29 RECOMMENDED PROPHYLA&TIC AND THERAPEUTIC TREATMENTS FOR
FRESHWATER FISH™ ( U.S. EPA, 1975a)

Concentration
Disease Chemical (mg/1) Application
External Benzalkonium ﬁhloride 1-2 AIb 30-60 min®
bacteria (Byamine 16227)
Nitrofurazone (water mix) 3-5 Al 30-60 min®
Neomycin sulfate 25 30-60 min®
Oxytetracycline hydrochloride 25 AI 30-60 min®
(water soluble)
Monogenetic Formalin plus zinc-free 25 1-2 hours®
trematodes, malachite green oxalate 0.1
fungi, and _ c
external Formalin 150-250 30-60 minc
protozoans Potassium permanganate 2-6 30-60 min
Sodium chloride 15000-30000 5-10 min dip®’‘
2000-4000
Dexon® (35% AI) 20 30-60 min®
Parasitic Trichlorfon 0.25 Al f
copepods (Masoten )
a These recommendations do not imply that these treatments have been

cleared or registered for these uses. These treatments should be used only
on fish intended for research, and researchers are cautioned to test treat-
ments on small lots of fish before making large-scale applications. Before
a treatment is used, additional information should be obtained from sources
such as: Davis (1954), Hoffman and Meyer (1974), Reichenbach-Klinke and
Elkan (1972), Snieszko (1970) and Van Duijn (1973).

b Active ingredient.
c Treatment may be accomplished by:

o Transferring the fish to a static treatment tank and back to
holding tank

o Temporarily stopping the flow in a flow-through system, treat-
ing the fish in a static manner and then resuming the flow to
flush out the chemical

o Continuously adding a stock solution of the chemical to a flow-

through system by means of a metered flow or the technique of
Mount and Brungs (1967).
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d One treatment is usually sufficient except for "Ich", which must be

treated daily or every other day until no sign of the protozoans remains.
This may take 4 to 5 weeks at 5 to 10°C and 11 to 13 days at 15 to 21°C.

A temperature of 32°C is lethal to "Ich" in one week.

e Minimum of 24 hours but may be continued indefinitely.

f Continuous treatment should be employed in static or flow-through
systems until no copepods remain, except that treatment should not be
continued for over 4 weeks and should not be used above 27°C.

Freshwater invertebrates and amphibians must have been in holding tanks
for at least 10 days and fish for at least 14 days before they are used for
basic tests; all test organisms must have been in holding tanks for at least
four days before they are used for effluent tests. They should be held
under stable condition of temperature and water quality in uncontaminated,
constant-quality water in a flow~through system with a flow rate at least two
water volumes per day. Water from a well or spring should be used for fresh-
water organisms whenever possible. Only as a last resort should a dechlori-
natedwater be used. The cold-water freshwater organisms are best held between
5°C to 15°C, usually well below 15°C. Hold warm-water organisms at temperature
between 10°C to 25°C depending on the season. Hold aquatic invertebrates
within the temperature range of the water from which they were obtained unless
they are being acclimated for special temperatures or other tests. If possible,
follow the natural variatlorns in temperature. During long holding periods,
hold most test organisms in the lower range of favorable temperature rather
than at higher temperature because the metabolic rate and the number and
severity of disease outbreaks are reduced in the cooler water.

The acclimation of the test organisms to the test condition begins
from one to two weeks before they are to be used in bioassays. There should
be few or no deaths due to parasites or diseases during this period. Use
only those groups of organisms that are free from parasitic infection and
diseases and in which the mortality is less than 10Z during the laboratory
holding period. Never allow abrupt changes in environmental conditioms;
often it is helpful to follow the natural seasonal variations in environmental
conditions such as temperature and the seasonal daylight patterns. There
should be no supersaturation of gases. If the organisms in the holding tank
are not exposed to the same conditions as those to be used in the bioassays,
gradually acclimate them to temperature and other conditions to which they
will be exposed in the actual bioassays. Freshwater amphipods, daphnids, and
midge larvae should be acclimated to water quality and temperature by rearing
them in dilution water at the test temperature. Other organisms can be
acclimated (in a flow-through system with a-flow rate of at least two water
volumes per day for flow-through tests) simultaneously to the dilution
water and test temperature by transferring the appropriate number of similar-
length individuals from a holding tank to an acclimation tank. They should
be acclimated to the dilution water by gradually changing the water in the
acclimation tank from 100Z holding water to 100% dilution water over a period
of 2 or more days for basic tests and for at least 24 hours for effluent
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tests before they are used for test. For basic test, water that may be con-
taminated by undesirable microorganisms should be passed through an ultra-
violet sterilizer and the un-ionized ammonia concentration in the acclimation
tanks should be less than 20 ug/l. They should be acclimated to the test
temperature by changing the water temperature at a rate not to exceed 3°C
within 72 hours for basic test and not to exceed 3°C within 24 hours for
effluent tests until the allowable test temperature range is reached. They
must be maintained for at least 48 hours for basic tests and 24 hours for
effluent tests at the allowable test temperature range before tests are

begun with them. Longer acclimation times are generally desirable.

A group of organisms must not be used for a test if the individuals
appear to be diseased or otherwise stressed or if more than 3% for basic
tests or 5Z for effluent tests die during the 48 hours immediately prior to
the beginning of the test. If a group fails to meet these criteria, all
individuals must be either discarded or treated, held an additional 10 days
for basic tests or 4 days for effluent tests, and reacclimated if necessary.

Young amphibian larvae and fish that have been actively feeding for less
than about 20 days, amphipods, daphnids, and midge larvae must be fed, and
all other insects may be fed, up to the beginning of the test. For basic
tests all other amphibian larvae and fish over 0.5 g each must not be fed
for 96 hours and all other invertebrates over 0.5 g each must not be fed for
%8 -hours befare the beginning of the test.  For effluent-test, all other
amphibian larvae, fish, and invertebrate over 0.5 g each must not be fed for
48 hours before the beginning of the test (U.S. EPA, 1975a).

3.3.1.5 Design of Experiment--

The precision of a test procedure depends on the following factors
(Rand et al., 1975):

The variability of the organisms in their response

The number of organisms exposed to each test concentration
The number of replicates being made

The test substance to which the organisms are exposed

How close the mid-concentration tested happened to be to the
LC50 and how closely the concentrations of the test substance
solutions cluster round the LC50 concentration

For a given test under similar conditions, increasing the number of test
organisms increases the precision. The use of more organisms and replicate

test containers for each test substance concentration is often desirable to
reduce variability (U.S. EPA, 1975a).

The number of organisms to be exposed in each test concentration is
governed by a number of considerations:

254



the size of the organisms

the expected apparent normal mortality

the extent of cannibalism

the availability of dilution water, toxicant, and test organisms
the desired precision of the estimate of the toxicity of the
test material.

O 0O 0 O o

Replicates must be true replicates with no water connection between the
test containers. If replicates are used, random assignment of one test
container for each test concentration in a row followed by random assignment
of a second test container in a second row or an extension of the same row
is recommended rather than total randomization (U.S. EPA, 1975a).

A representative sample of the test organisms should be impartially
distributed to the test chambers, either by adding one (i1f there are to be
less than 1l organisms per container) or two ( if there are to be more than
11 organisms per container) test organisms to each chamber, and then adding
one or two more, and repeating the process until each test chamber has the
desired number of test organisms in it. Alternatively, the organisms can be
assigned either by random assignment of one organism to each test chamber,
random assignment of a second organism to each test chamber, etc., or by
total randomization. It is often convenient to assign organisms to other
containers and then add them to the test chambers all at once,

Evety test requires a control in which the same dilution water, conditions,
procedures, and organisms are used as in the’ remainder of the test. If any
additive 18 present in any of the test chambers, an additive control is also
required. This additive control is treated the same as the regular control
except that the highest amount of additive present in any other test chamber
is added to this test chamber. A test is not acceptable if more than 10%
of the organisms die in any control in a test determining an LCS50 or show
the effect in a test determining an EC50. It is desirable to repeat the
test at a later time to obtain information on the reproducibility of the re-
sults of the test (U.S. EPA, 1975a).

Toxicity tests with aquatic organisms should be conducted according to
uniform, detailed methods whenever possible to maximize the number of reliable
comparisons that can be made concerning relative toxicity and relative
sensitivity. Tests shall include control groups to determine if any observed
effects have developed or occurred independent of the test substances. The
control group shall be maintained in the same manner as the test group (Anonm.,
1977). One or more control treatments should be used to provide a measure
of the acceptability of the test by giving some indication of the health-
iness of the test organisms and the suitability of the dilution water, test
conditions, and handling procedures. Widespread adoption of uniform methods
will promote the accumulation of comparable data and increase its effective
use (U.S. EPA, 1975a).
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Whenever toxicity tests are conducted with aquatic organisms, the methods
recommended by U.S. EPA (1975a) should be followed as closely as possible.
Use of these methods for special purposes may require modifications or
specification of additional details, such as choosing one particular species.
Since not all details are covered in these methods, the successful execution
of these methods will require some training or experience in aquatic toxicol-
ogy or aquatic biology or both. It is essential to conduct tests so that
they meet specific needs but these methods should cover most situations
(U.S. EPA, 1975a).

Some novel bioassay procedures that have been suggested are outlined
below:

Roberts (1975) Byssus formation in mussels was sensitive to
pesticides and PCP's. Byssogenesis test was
proposed as a rapid and convenient technique
for routine screening of potential marine

pollutants.
Walker et al., Barnacles were suggested as possible indicators
(1975) of Zn pollution based on the studies of Zn

accumulation in Balanus, Eliminus, and Lepas.

Boree (1975) A photomicrographic method was proposed to determine
the degree of response of the protozoan Tetrahymena
pyriformis to metal levels which was similar to that
of the bluegill sunfish.

Jensen (1976) A procedure based on the hatching rate of eggs of the
brine shrimp Artemia Salina revealed the convenience
of a bioassay organism that could be stored dry
in the laboratory. The method offers an easy way
to get information of the toxicity of a particular
matter. The experimental results of the hatching

: tests show a characteristic graph typical of many
toxicity tests. '

Baudouin and Nucleic acids were used as indicators of biomass 1in

Scoppa (1975) mixed planktonic populations. DNA and RNA showed
large variations among different planktonic species,
between zooplankton and phytoplankton and among

seasons.
Canton et al, A tentative method for deriving an EC50 (ecological
(1975) limit) was proposed. The criteria included mortality,

immobilization, growth, reprbduction, histopathologic
changes, and enzyme activities. The procedure was
based on short-and long~term toxicity studies with
d-hexachlorocyclohexane and a variety of organisms
including algae, crustacea, and fish.
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The following are specific laboratory procedures that are used to insure
maintenance of sample integrity and treatment.

e Receptacles, pipettes, and other instruments used for handling
specimens must be kept separate from those used for chemicals.

e Specimens generated from field investigations are designated by
the field data sheet number; specimens generated from laboratory
investigations are given a data sheet number) these numbers are
then entered in a log book

e Fixation (within 24 hours)

Davidson's fixative has been recommended as follows:

Formalin 20 parts
Glycerin 10 parts
Ethyl alcohol 952 30 parts
Glacial acetic acid 10 parts
Distilled water 30 parts

Since the nature of the fixing agent has considerable effect upon the
affinity of the structures for various stains, special staining procedures
require the use of different fixatives. When fixatives other than Davidson's
are used (i.e., Formalin) the specimens are washed in running water or alcohol
to remove the fixative before proceeding with dehydration.

¢ Preservation

To prevent disintegration or alteration of important constituents
of fixed tissue, specimens are kept in a solution of one part

glycerol to nine parts of 702 alcohol. 8ince the staining qualities
of tissues begin to deteriorate after the tissues have remained in

alcohol for weeks or months, specimens which are eventually to be
stained and mounted are transferred to glycerol for storage.

¢ Decalcification

Specimens which contain deposits of calcium salts which are too hard
to be cut with a microtome knife are decaléified with a 3% solution
of hydrochloric acid in 702 alcohol. This causes no serious damage
to tissues. The tissues are then placed in neutral 70% alcohol.

¢ Dehydration

To prevent violent diffusion currents which would cause the collapse

of cavities or the distortion of specimens, a graded series of alcohol
concentrations is used.
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o Embedding

The dehydration and embedding steps are carried out using an
Autotechnicon. The procedure is as follows:

70Z alcohol 1 hour

952 alcohol 1 hour
1002 alcohol 1 hour
100Z alcohol 1 hour
1:1 benzene: 100Z alcohol 1 hour
1002 benzene 1 hour
100% benzene 1 hour
paraffin 2 hours
paraffin 2 hours

Vacuum infiltration - 20 minutes at 15 psi, or 15 to 20 minutes at 12 psi for
tissues that are relatively delicate. Each specimen is placed in its own
labelled tissue capsule before being placed in the Autotechnicon. Once a
day the beakers containing the 1002 alcohol and the 95X alcohol are changed.
Every three to five days the beaker containing the 1:1 benzene alcohol is
changed. If the instrument sits for a few days, all the solutions are
changed except the paraffins.

The paraffin in the vacuum infiltrator is changed once a week if used
frequently. After complete paraffin infiltration, the specimens are placed
in a labelled embedding mold and made into paraffin blocks. If the
paraffin blocks are not sectioned immediately, they are labelled and stored
in a specimen cabinet.

Once slides are finished they are stored in labelled slide boxes.

Staining (trichome type staining)
1. 1002 xylene -~ 3 min (50 to 56°C) (3 changes)
2. 1002 ethanol - 3 min (room temp.) (2 changes)
3. 95Z ethanol - 3 min (room temp.)
4. 507 ethanol - 3 min (room temp.)
5. 102 ethanol - 3 min (room temp.)
6. distilled water - 3 min (room temp.) (2 changes)
7. 4% ferric ammonium sulfate - 15 min (50 to 56°C)
8. tap water - quick rinse to remove any excess
9. hematoxylin stain - 15 min (50 to 56°C)
*#]10. distilled water - couple of rinses
11. destaining -~ 42 ferric ammonium sulfate, room temp. - about 1.5 min
12. tap water - 3 to 4 min
13. basic ethanol - 30 sec to 1 min
*14. water bath
15. acid fuchsin - 4 quick dips
16. distilled water - 4 quick dips
17. drain on paper towel to remove excess liquid
18. 1% phosphomolybdic acid - 5 min (room temp.)
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19. drain for 30 sec

20. aniline blue stain - 1.5 min

21. drain - 1 to 2 min

22. destaining - 1% acetic acid - 1 min (4 changes)

23. dehydration - 1% acetic acid in acetone - 1 min (3 changes)

24. 100%Z xylene - 1 to 2 min

25. 100% xylene - (keep out of sunlight) - can keep here 24 to 48 hours

26. mount - use #1 coverslip (try to flatten out the cover slip as much
as possible)

* The slides can be held at these steps for at least 24 hours.
3.3.1.8 Data Handling--
Data Collection

For maintaining a quality bioassay capability, all information about
conduct of the experiment collected should be recorded on either a Bioassay
Biota Log Sheet (Figure 3.3.3) or a Bioassay Water Quality Log Sheet
(Pigure 3.3.4) (U.S.EPA, 1975b). A typical schedule of checks and main-
tenance during studies carried out in tanks could look as follows (U.S. EPA
1975b).

o Daily: check all tanks for signs of disease, abnormal
organisms behavior and dead organisms.

o Mon., Wed., Fri., or every other day: feed organisms
and remove unconsumed food within one hour.

o Filter cleaning: high volume pump - once every three weeks
Dyno flow - once a week. Filter may need .change sooner if
tank appears cloudy or goéing bad.

o Water exchange: Monthly (drain half of the water, then add
distilled water and chemicals).

Similarly, a typical schedule of checks to be performed with holding tanks
and experimental units could look as follows (U.S. EPA, 1975b):

o0 Holding tanks: Determine daily air temperature, water
temperature, and dissolved oxygen. Determine monthly pH,
alkalinity, hardness, calcium, conductivity, and salinity.

o Experimental units: Determine every 24 hr dissolved oxygen,
pH, air temperature, water temperature, and conductivity.
Determine at end of test hardness, calcium, alkalinity and
salinity.

Note: all water samples should be taken at mid-depth.
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Figure 3.3.3 Bioassay biota log (U.S. EPA, 1975b)
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Figure 3.3.4 Bioassay water quality log (U.S. EPA, 1975b)




‘
SERIES: COMPANY : DATE:

TECHNICIAN: STARTING HOUR:

MATERIAL BEING TESTED:

SOURCE:

SOURCE OF DILUTION WATER:

TEST SPECIES: TEMP. RANGE:

NO. INDIVIDUALS PER CONCENTRATION:

START

DILUTION: CONTROL

DO

pH

HARDNESS

OTHER

24 HOURS

__NO SURVIVING
% SURVIVAL

DO

pH

OTHER

48 HOURS

[T NO SURVIVING

___%_SURVIVAL

! DO

i pH

| OTHER

72 HOURS

NO SURVIVING

i 4 SURVIVAL
| DO

pH

OTHER

96 HOURS

:NO_SURVIVING

% SURVIVAL

'DO

.pH

{OTHER

Figure 3.3.5 Bioassay record sheet (U.S. EPA, 1975b)
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Results of the experiment should be recorded on a form similar to
Figure 3.3.5. In addition to toxicity data, the following information
should be recorded: . . -

o name of method, investigator, and laboratory,
and date test was conducted

o detailed description of the toxicant or
effluent

o source of dilution water

o detailed information about the test
organism

o a description of the experimental design and
test chambers - the depth and volume of solution
in the test chambers, flow rate, etc.

0 definition of the criterion used to determine
the effects and a summary of general observations
on other effects or symptoms

o percentage of organisms that died or showed
the effect in the control treatment

o the average and range of the acclimation
temperature; test temperature

o methods used for and the results of, all chemical
analyses of water quality and toxicant concentra-
tions

o anything unusual about the test; any deviation
from these methods and any other relevant
information (U.S. EPA, 1975a).

Photography may be used to document organisms response, test set-up
and physical appearance of waste concentrations (U.S. EPA, 1975b).

* Biological Response

The most common toxicity test response with aquatic animals is the
mortality which is counted to obtain information about a median lethal
concentration (LC50). The data produced by the test generally consist
of the percentages or organisms that are killed by different concen-
trations of a toxicant after specified lengths of exposure. A statistical
estimation method is then used to obtain the best estimate of the LC50
from the concentration mortality data for each length of exposure
(Stephan, 1976).

The precision of a toxicity test is limited to a number of
factors including the normal biological variation among individuals of a
species. Toxicity studies with a randomly selected species cannot be
expected to give accurate information on the toxicity of that material to other
species and life stages or to an entire biota. A toxicity test with one
species yields an accurate estimate of the toxicity only to others of that
species of similar size, age and physiological condition and in water with
the same characteristics and under similar test condtions (Rand et al. 1975).
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In order to obtain information about the precision of the acute
mortality test, replicate test must be conducted at different
times in one laboratory and/or in different laboratories (Stephan,
1976).

e Statistical Estimation Method

The statistical estimation method should meet the following
criteria: ' ‘

o The method should be a strictly computational
method ,

0 The method should be just as useful whether or
not the toxicant concentrations are in a
geometric series and whether or not the complete
range from 0Z to 100% kill is covered

o The method should not require exposing the same
number of organisms to each toxicant concentra-
tion !

o The use of adjusted or assumed data should
not be required for any set. of data

Based on statistical considerations, the log — probit method

has been highly recommended by Sprague (1969). It has the advantage
of:

o Complete toxicity curves for easy interpolation
of results

o An incipient LC50 instead of one for an arbitrary
time

o A mathematical instead of a subject estimate of
incipient LCS50

It allows the toxicity of different pollutants to be compared easily
and meaningfully. Analysis of results by the rapid graphic methods of
Litchfield-Wilcoxon (1949) is recommended (these improvements are also
suggested by Rand et al. 1965). To carry out the Litchfield-Wilcoxon
procedure, actual percentage mortality in each test tank at the selected
time beyond the lethal threshold is plotted on log-probit paper (Figure
3.3.6). A line is fitted to the points by eye. Its goodness of fit is
estimated by a rapid chi-square value. The incipient LC50 is then read
from the graph. If desired, the more formal but more time-consuming
mathematical procedures of Finney (1964) may be used to estimate the
incipient LC50 (Sprague, 1969).
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Figure 3.3.6. Estimating the median lethal concentration. In this case the
incipient LC50 is estimated since the exposure time was long. Percentage
response of trout is plotted on the vertical probit scale. The median lethal
concentration is 8.5 mg/l and its confidence limits could be estimated as
described in the text. The 5% response is also shown. From Herbert and
Shurben (1964).
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The moving average method can be used to calculate the best estimate of
the LC50 and 1its 95% confidence limits for all acute mortality tests, except
that confidence limits cannot be obtained if there are no partial kills.

A modification of the moving average method is the moving average angle
method suggested by Bennett (1952). The purpose of using an angle trans-
formation with binomial data is to improve linearity and to stabilize the
variance, thus allowing equal weight to be given to each transformed
observation.

Whenever any method is used to analyze concentration-mortality data, the
logarithmic transformation should probably be used on the concentration data.
If the log transformation is not used, the formula LC50 = (A+B)/2 will give
the same result as the moving average method (A = the highest toxicant
concentration in which none of the test organisms died and B is the lowest
concentration in which all of the organisms died). The following is the
recommended scheme for analyzing concentration mortality data from acute
mortality tests with aquatic animals:

o With one or more partial kills, use a moving average
method and log concentration,

o With no partial kills, use either a moving average
method or the formula 1/2(A+B) to obtain an estimate
of the LC50, and use A and B in place of 957 confidence
limits if at least five organisms were exposed to each
treatment.

Regardless of what method is used to obtain an LC50 and confidence limits,
the results should always be compared with the original concentration-
mortality data to determine if they are reasonable (Stephan, 1976).

¢ Control Mortality

Control mortality should be virtually absent. It should not be greater
than 10% and preferably not more than 57, representing an occasional weak
organism in a group. Make corrections for higher mortality in controls
by Abbott's formula (Rand et al., 1975). According to Stephan (1976)
the use of Abbott's formula for some sublethal acute toxicity tests may be
appropriate if a percentage of the test organisms consistently shows the
effect in the absence of the toxicant.

3.3.2 Experimental Procedures in Aquatic Bioassay

Aquatic bioassay procedures may be categorized as:

e acute or chronic bioassay, depending on whether effects are observed
in the short or the long term;

e static or flow-through bioassay, depending on whether the water in
the tank is still or continuously flowing;
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e basic or effluent, depending on whether the toxicant is added to
the water or whether discharge water already containing the toxicant is
used.

These categories are not mutually exclusive. The static procedure is most
often used for acute bioassay because of its advantages in short term
applications. Similarly, the flow-through procedure is most often used for
chronic studies because of the advantages it has for long-term tests. Also,
by the nature of the water supply, testing of effluents lends itself best to
the flow-through procedure.

Whether an acute or chronic bioassay is used depends on the objectives of
the experimenter and on the stage of experimentation. The acute test may b¥
itself satisfy the aim of the experimenter or it may be used as a precursor
of a chronic test. There may be a series of intermediate stages such as
repeated dose and sub-chronic tests, each adding more information and
building up to the long-term, usually very expensive, chronic bioassay.
Whether a static or flow-through procedure is used is a matter of choice on
the part of the experimenter who will use the kind of experimental set-up
most suitable to his purpose. Also, whether basic treatment of the water
or effluent water is used depends upon the nature of the situation being
examined.

In naming an aquatic bioassay protocol, the essential descriptors are
"acute" or "chronic". These terms may or may not be accompanied in the
name of the test by "static" or '"flow-through” because the instructions for
performance of the test make the conditions of the test explicit. The terms
"basic" or "effluent" do not often appear in the name but the condition
which applies is apparent from the context of the test.

e Static Bioassay

In addition to its short-term characteristics, the static bioassay
procedure offers the following advantages:

it allows for testing of different toxicants in parallel
it allows for testing of several species at the same time
homogeneous water is used

fewer numbers of animals are required

lower cost

more easily reproduced (replicated)

requires minimum space, equipment and maintenance

0 000O0O0OO0

The disadvantages of the procedure are:

o production of irregular concentrations if test
material is volatile

o usually gives a lower LC50 reading than flow~-through
bioassay (Martin, 1973)

o dissolved oxygen, metabolic products and food wastes
may create problems.
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e Flow-through bioassay
The flow-through bioassay procedure has the following advantages:

o It is useful when the test material is volatile, easily
precipitated, or when the expression of its effects is
long coming

o0 can be used for life-time tests

o more readily represents natural systems

o pgood for determining response of lethality

A disadvantage is that it is more complicated and requires close attention
over long periods of time.

3.3.2.1 General Factors in Aquatic Bioassay--
» Experimental design
Usually the design consists of:

o One control and 5 or 6 concentrations of toxicant

o At least 10, but preferably 20 organisms exposed in
each treatment and the control groups. The use of
more organisms and replicate test chambers for each
treatment is desirable, but "loading" must be avoided

o True replicates with no water connection

o Tanks and the test organisms assigned either by
stratified randomization or total randomization

o0 Randomization of the treatment

o A control consisting of the same dilution water,
conditions, procedures, and organisms as are used in
the remainder of the test (U.S. EPA, 1975a).

e Dissolved oxygen concentration

Test solutions must not be aerated in the test chambers or in the
toxicant delivery system. For static tests, the dissolved oxygen
concentration in each test chamber must be between 607 to 100% saturation
during the first 48 hours of the test and must be between 402 and 100%
saturation after 48 hours. For flow-through tests, the dissolved oxygen
must be between 60% and 100% saturation at all times (U.S. EPA, 1975a).

¢ Test Temperature

For basic tests, the test temperature must be selected from the series
7°, 12°, 17°, 22°, and 27°C. The actual test temperature must not deviate
from the selected test temperature by more than 1°C at any time during the
test. For aquatic invertebrates, the selected test temperature should be
within 5°C of the temperature of the water from which they were obtained.
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For an effluent test, the selected test temperature should be the
temperature of the receiving water measured just outside the zone of
influence of the effluent at noon on the day before acclimation begins,
because the temperature at noon usually approximates the average
temperature for the day. The actual test temperature must not deviate from
the selected test temperature by more than 2°C at any time during the test
(U.S. EPA, 1975a).

The suggested test temperature for vertebrates and invertebrates is as
follows (U.S. EPA, 1976):

Region* Temperature
I 20°C
IT** and III 25°C
IV, VI and IX 30°C
X 15°C

¢ Salinity

The salinity of the test water should be that of the discharge site if
effluent water is used or if artificial sea water 1is prepared. The salinity
of any other natural sea water should be greater than or equal to 15%

(U.S. EPA, 1976).

¢ Loading

The grams of organisms per liter of solution in the test chambers must
not be so high that it affects the results of the test. The loading must be
limited to insure that the concentration of dissolved oxygen and toxicant is
not decreased below acceptable levels, that the organisms are not stressed
due to crowding, and that the .concentration of metabolic products does not
increase above acceptable levels. For static tests, lower loadings must
be used if necessary to maintain the concentration of dissolved oxygen above
607% saturation for the first 48 hours of the test and above 40% saturation
after 48 hours. For flow-through tests, lower loadings should be used to
maintain the concentration of dissolved oxygen in the dilution water above
60% at the beginning of the test, to keep unionized ammonia below 20 ug/1,
and to limit to 20% the lowering of toxicant concentration because of uptake
by the test organisms. In order to determine the effects of the test
organisms on the dissolved oxygen concentration during effluent tests, the
dissolved oxygen concentration should be measured in duplicate test chambers

that do not contain test organisms (U.S. EPA, 1975a).

* Temperature should be revised to the highest average monthly
temperature of oceanic surface waters in each region.

** Puerto Rico and Virgin Islands are in Region II but should use
temperatures suggested for Region IV.
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e Feeding

The test organisms must not be fed while in the test chambers
(U.S. EPA, 1975a).

e Range-finding

Generally, groups of five organisms are exposed to three to five
widely spaced toxicant concentrations and a control for 24 to 96 hours using
either the static or flow-through techniques.

Range-finding tests may often be difficult to conduct for effluents
because the characteristics of the effluent and the receiving water may
vary significantly within short periods of time. If a range-finding test
is to be conducted with the same grab sample of the effluent with which a
definitive effluent test is to be conducted, the range-finding test can last
8 hours at the most (U.S. EPA, 1975a).

e Definitive test

A definitive test must meet both of the following criteria so that the
LC50 or EC50 can be calculated with reasonable accuracy:

o Except for the controls, the concentration of toxicant
in each treatment must be at least 60% of the next

higher one for basic tests and at least 50% of the next
higher one for effluent tests.

o One treatment other than the control must have killed or
affected more than 657 of the organisms. If an LC or EC
near the extremes of toxicity is to be calculated, such
as LC1l0 or EC90, at least one treatment must have killed
or affected a percentage of test organisms, other than 0%
and 1007%, near the percentage for which the LC or EC is to
be calculated. This requirement might be met in a test to
determine the LC50 or an EC50, but special tests with
appropriate toxicant concentrations will often be necessary
(U.S. EPA, 1975a).

e Control Test

A concurrent control test should be performed along with each test of any
concentration of the substance assayed or with each series of tests of
different concentrations tested simultaneously (Doudoroff et al., 1951).

It should be performed in exactly the same manner as the other test, but
using the diluent water alone as the medium in which the test organisms
(control) are held. There should be no more than 10% mortality among the
controls during the course of a test and at least 907 must remain apparently
in good health. Otherwise, the results cannot be deemed reliable.

270



3.3.2.2 Static Bioassay--

The static test utilizes a procedure where the test or dilution water is
initially dosed with the desired concentration of material and the solution
is adjusted from time to time to maintain the selected concentration. While
static tests are relatively easy to operate and maintain, they do not always
afford the best procedure because the concentration of the test material may
vary considerably. Variations in material concentrations may be caused by
several factors, including precipitation of the test substance, chemical
interactions in the solution, deposition of test material on the container
wall, uptake by the test organism, or interactions of test materials and
excretion of the organisms. In the static test procedure, it is rather easy
to prevent the concentration of test material from exceeding a maximum in the
test cell but it is usually rather difficult to maintain the desired

concentration. Because little equipment is usually required, the static
bioassay is relatively easy to set up and it can be operated in a minimal
area. The static test, in which no effluent is discharged, allows the
accumulation of waste products which may themselves be toxic. As a result,
static tests should be short-term tests. In static tests, it is advisable
to utilize duplicates and even triplicates to insure test precision (Martin,
1973).

* Beginning the test
Static tests are begun either by:

o adding toxicant to the test chambers 18 to 24 hours
after the test organisms are added

o or adding test organisms to the test chambers within
30 minutes after the toxicant is added to the dilution
water

The first alternative allows the test organisms to partially acclimate
to the test chambers and precludes loss of toxicant due to hydrolysis,
sorption, or evaporation prior to exposure of the test organisms. The
second alternative conserves dissolved oxygen and prevents the exposure of
test organisms to the toxicant before it is evenly dispersed; this alternative
must be used when the tests are conducted on aged solutions of a toxicant in
dilution water (U.S. EPA, 1975a).

* Duration

Test organisms must be exposed for 96 hours in basic static test, for 48
to 96 hours in effluent static tests (U.S. EPA, 1975a).

3.3.2.3 Flow-through Bioassay--

Flow-through bioassay is more sophisticated than static bioassay and
frequently involves a considerably greater amount of equipment. This
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methodology is the one currently being utilized by the majority of bioassay
users, as 1t more closely approximates natural conditions. 1In this concept,
the test organisms are held in a unit or cell into which continuous input of
test solution, premixed in a dilution water, is metered. The operation
requires maintenance of desired concentrations of test material; determin-
ation of residence time and the solution flow rate to the test cell must also
be known. To accomplish the maintenance of a homogeneous concentration in
the test unit requires the mixing of dosing solution of known concentration
with a standaridized dilution water (Sprague, 1971).

In the flow-through bioassay, chemical tests should be rumn at
intervals during the continuous flow test to assure that the test material
concentrations are maintained in the desired range. Provisions must be made
to feed and maintain the organisms during the test and excess food must be
removed to limit the development of high bacterial populations. One of the
major problems with the continuous test is that the dosing apparatus is
sometimes difficult to control. The continuous flow-through test is
particularly applicable where the wastes being tested are easily decomposed
by bacterial action or when they are volatile or unstable and have a high
biochemical oxygen demand (Martin, 1973).

* Flow-rate

The flow-rate must be at least 5 water volumes per 24 hours. The flow-
rate through the test containers should not vary by more than 10% from any
one test container to any other or from one time to another within a given
test (U.S. EPA, 1976).

e Beginning the test
Flow-through tests are begun either by:

o placing the test organisms in the test chambers after the
test solutions have been flowing through the test chambers
long enough so that the toxicant concentrations are constant

o or activating the toxicant metering device in the toxicant
delivery system several days after the test organisms were
placed in test chambers that had dilution water flowing
through them

The first alternative allows the investigator to study the behavior of the
toxicant and the toxicant delivery system immediately prior to the beginning
of the test, whereas the second alternative allows the test organisms to
partially acclimate to the test chambers before the beginning of the test
(U.S. EPA, 1975a).
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e Duration

A test begins when the test organisms are first exposed to the toxicant.
In the flow-through bioassay, all organisms must be exposed for at least 96
hours. When basic flow-through tests are conducted with large organisms
(over 0.5 g each), it is usually desirable to determine the shape of the

toxicity curve; i.e., LC50 or EC50 vs. time, throughout an 8-day exposure
(U.S. EPA, 1975a).

3.3.2.4 Acute Bioassay--~

Acute toxicity tests are generally used to determine the level of toxic
agents that produce an adverse effect on a specified percentage of the test
organisms in a short period of time. The most common acute toxicity test is
the acute mortality test. Experimentally, 50% effect is the most
reproducible measure of the toxicity of a toxic agent to a group of test
organisms (U.S. EPA, 1975a).

e Experimental procedure
There are two procedures in current use:

o Approximate mortality times are recorded for most individual
animals. The time taken to obtain 50 percent mortality is
estimated for each test tank. The series of median lethal
times is generally used to estimate an approximate threshold
concentration for lethal effect (TL ).

o Mortality is recorded only at 1, 2 2nd 4 days. The concentration
lethal to half the test species at each time period is
estimated (LC50)

The first procedure entails more complete observations and hence will
also provide the answers yielded by the second procedure. However, the
two procedures tend to yield similar results when exposure is for 4 days or
more (Sprague, 1969).

¢ Required volume of test solution

This would probably depend on the size and shape of the holding tank to
which the test animals were previously accustomed. Some recommendations
about minimum depths and volumes are given by Doudoroff et al., (1951).

However, there does not seem to have been any investigation on exactly
what size or shape of tanksare necessary to eliminate stressing the test
species and affecting test results. It must be left in large part to the

Jjudgment of the investigator to provide enough water for a reasonable amount
of free activity by the test animals.
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EPA has proposed that for large fishes (over 0.5 g each) the test
solution should be between 10 and 30 cm deep (U.S. EPA, 1975a). This
problem may be avoided in a continuous flow test. Alabaster and Abram (1965)
recommended that the supply of new test solution should be sufficient to
maintain dissolved oxygen in the test tank. This also keeps toxicant and
waste products within desirable limits. The extreme values which they mention
for required amount of replacement solution are 0.5 and 10 liter per gram
(for fish) per day (Sprague, 1969).

e Measuring response at each concentration

The reason for using a group of test animals in each test tank instead
of one animal, is that individuals vary in resistance. Ever since Trevan
(1927), it has been generally recognized that in bioassays, the least and
most resistant individuals in a group show much greater variability in
response than individuals near the median for the group. A good deal of
accuracy may therefore be gained by measuring some average response rather
than a minimum or maximum response, which might represent one animal in ten
or might happen to represent only one animal in a thousand.

. Randomization

A serious systematic error could result from placing each successive
batch of 10 captives (for fish) in a test tank in order of concentration.
According to Gaddum (1953), distribution of animals by a process like
dealing out a pack of cards (for example six tanks were to receive fish,
the first fish which was caught would be placed in the first tank, the
second into the second tank etc., the seventh into the first tank) still has
a tendency to put more easily caught animals into certain concentrations. To
avoid this, Finney (1964) suggests using random numbers. An improvement
of this has been used in research by the U.S. Federal Water Pollution
Control Administration and is hereby recommended as follows:

For six tanks, the first six fish to be caught from the holding tank are
distributed one to each of the test tanks, in random order according to
occurrence of the numerals 1 to 6 in a table of random numbers or by drawing
numbered slips of paper; the seventh to twelfth fish are distributed one to
each of the six tanks by the same process; this is continued until the tank
is filled. In addition, test concentrations should also be assigned to the
tanks by formal randomization to guard against any effect of position.

e Duration
To establish the time factor involved to produce an LC50 in acute
bioassay several schemes have been used. Katz (1971) in one experiment

(Table 3.3.3.7) showed that the 96-hour bioassay is unnecessarily long and
does not yield anymore worthwhile information than does a 24- or 48-hour test.
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TABLE 3.3.30 TIME FACTOR IN TOXICITY BIOASSAY TESTS? (Katz, 1971)
Wast Fish Survival
asme pH 24 hours 48 hours 72 hours 96 hours
PP Living Dead Living Dead Living Dead Living Dead
Replicate 1: July 21 - July 24b
55.0 7.68 0 10 0 10 0 10 0 10
44.0 7.69 10 0 10 0 10 0 10 0
16.5 7.83 10 0 10 0 10 0] 10 0
0.39 7.89 10 0 10 0 10 0] 10 0
(control)
Replicate 2: July 24 - July 29¢€
49.0 7.69 2 8 2 8 2 8 2 8
45.0 7.69 4 6 4 6 4 6 4 6
43.0 7.69 9 1 9 1 9 1 9 1
0.13 7.89 10 0 10 0 10 0] 10 0
(control)

a Test conditions:
49 ppm waste
46 ppm waste

b TLm:
¢ TLm:

flowing water, 1.5 liters/hour

But according to Sprague (1969), the most popular exposure period is 4
days or 96 hours (Table 3.3.31).

TABLE 3.3.31 ESTIMATES OF TIME REQUIRED FOR CESSATION OF ACUTE LETHAL ACTION
IN VARIOUS BIOASSAYS REPORTED IN THE LITERATURE (Sprague, 1969)

Apparent Time of
Lethal Threshold

Toxicant Species h=hour, d=day, Authors
w=week
Cyanide Phoxinus about 2 d Wuhrmann, 1952
Cyanide Trout 4 d or more Herbert and Mer-
kens, 1952
Ammonia Trout 5h Lloyd, 1961b
Ammonia 4 freshwater fish less than 4 d Ball, 1967a
Ammonia Phoxinus about 2 d Wuhrmann, 1952
Fluoride Trout about 7 d Herbert and Shur-
ben, 1964
‘Chlorine Trout more than 7 d Merkens, 1958
High pH Trout more than 15 d Jordan and Lloyd,
1964
Zinc Minnow fry 1 d or less Pickering and
Vigor, 1965
Copper, zinc Salmon lto3d Sprague and Ramsay,
1965
Zinc Zebrafish 1l to 6 d, var- Skidmore, 1965

ious young stages
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TABLE 3.3.31

(Continued)

Apparent Time of
Lethal Threshold

Toxicant S
pecies h=hour, d=day, Authors
w=week
Copper Trout 2 to 4d Liepolt and Weber,
1958
Copper, zinc Trout 4 d or less Lloyd, 1960, 1961a

Heavy metals

Zinc

Zinc
Zinc
Cadmium
Eighteen
metals

Copper

Thallium
Various (6)
Corrosion
inhibitors
ABS detergent

ABS detergent

Detergents

LAS detergent

ABS, LAS
detergents
Phenol

Phenol

Various
phenolics

Various
petrochemicals

Freshwater fish

Minnow eggs
4 freshwater fish
Bream

Trout
Stickleback

Crayfish

Perca

Tubificid worms
Trout

Bluegill

11 freshwater fish

Trout

5 freshwater fish
Minnow eggs
Trout

4 freshwater fish
Trout

Freshwater fish

2 d or less for
about half of 59
cases; 4 d or
longer for other

half (static tests)

7 d or less

4 to5d

7 d or more
74d

7 d or more 1in
in each case

10 to 15 d (de-
layed mortality)

more than 14 d

2 d or less

14 4 or more

1 d or less
(static tests)

2 d or less (con-
tinuous flow)

acute 1 d, sub-
acute continued
12 w

more than 4 d
(continuous flow)

9 d or more
(continuous flow)

1 d or less
(saline water)

5htold

1d

62 of 75 cases,
1 d or less; re-
mainder 4 d or
more (static
tests) 1, 54d
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Pickering and
Henderson, 1966a

Pickering and
Vigor, 1965

Ball, 1967b

Ball, 1967b

Ball, 1967c
Doudoroff and Katz,
1953, from data
of Jones, 1938
and 1939
Hubschman, 1967
Nehring, 1962

Marvan, 1963
Herbert, 1965

Lemke and Mount,
1963
Thatcher, 1966

Herbert et al.,
1957

Thatcher and
Santner, 1966
Pickering, 1966

Brown et al.,

1967b
Wuhrmann, 1952
Brown et al.,
1967a

Pickering and
Henderson, 1966b
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TABLE 3.3.31

(Continued)

Apparent Time of
Lethal Threshold

Toxicant Species h=hour, d=day Authors
w=week
DDT (acetone) Salmon 1, 5d Alderdice and
Worthington,
1959
DDT Trout acute 1, 5 d; Abram, 1967

Five insecti-
cides

Chlorinated
hydrocarbon
insecticides

Organophosphate

Various
pesticides

Sewage effluent

Pulp mill
effluent
Many pollutants

2 Stoneflies

4 freshwater fish

6 freshwater fish

Freshwater fish

Trout
Salmon

Various inverte-
brates, especially

Daphnia

subacute 2 w
30 d or more
(several modes
of action)

"14 cases, 2 4 or
less; 8 cases,
4 d or more
(static tests);
continuous flow
tests, 20 d or
more

4] cases, 2 d or
less; 27 cases,
4 d or more
(static tests)

25 cases, 2 d or
less; 13 cases,
4 d or more
(static tests)

1l case, 8 h; 3
cases, about 3 d

about 12 d

of 82 cases, 1 d

or less, 26 cases;

lto 3d, 14

cases; 2 d or more,

13 cases; 4 d or
more, 29 cases
(static test)

Jensen and Gaufin,
1966

Henderson et al.,
1959

Pickering et al.,
1962

Pickering and
Henderson, 1966c¢c

Lloyd and Jordan,
1963

Alderdice and Brett,
1957

Dowden and Bennet,
1965

Sprague (1969) realized that of 375 cases, 211 or 56% showed a lethal
threshold in 4 days or less, while in the remaining 164 cases, lethality

occurred beyond the 4th day.
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that 4 days or 96 hours was a reasonable limit for occurrence of acutely
lethal toxicity of most test substances. In view of this information, it
would seem prudent to continue tests for 4 days as a rule. Tests could then
be stopped if mortality had ceased and the toxicity curve showed a threshold.

e Methods

Examples of protocols for acute static bioassay with freshwater fish
and daphnia and marine animals are given in the following pages:

EXAMPLE 1: ACUTE STATIC BIOASSAY WITH FRESHWATER FISH AND DAPHNIA
Purpose of Study

To determine the toxicity of chemicals to freshwater fish and daphnia.

Design of Experiment

* Test Animals

Fathead.Minnow Pimephales promelus
Daphnia pulex (first instar stage)

A series of test containers each with a different, but constant,
concentration of toxicant will be used.

« At Teast 10 but preferably 20 organinisms should be used in each
container for each treatment.

e For the minnow, the 96-hour median lethal concentration (96 hr-
LC50) and for Daphnids, the 48-hr median effective concentration
will be used.

e A series of controls will be used in which the water conditions,
animal species and size will be the same as those used for each
treatment group.

« The timing of the test and the collection of samples will be
based on an understanding of the short and long-term operations
and schedules of the discharge if possible.

Conduct of Experiment

e Select the test organisms.
QUALITY CONTROL -- Species must be readily available, hearty, and
easy, convenient, and economical to maintain.

QUALITY CONTROL -- A1l minnows should be from the same year class,
and weigh between 0.5 and 1.0 grams; the standard length (tip of snout to
end of caudal peduncle) of the longest fish should be no more than twice
that of the shortest fish. ‘
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o Select dilution water.
QUALITY CONTROL -- A healthy test organism must survive in the
dilution water for the duration of acclimation and testing without showing
signs of stress, i.e., discoloration or unusual behavior.

e QUALITY CONTROL -- The test organism must survive and reproduce
satisfactorily in the dilution water. A water in which Daphnids, who are
more sensitive to many toxicants than most other freshwater aquatic animals,
will survive and reproduce should be an acceptable dilution water for most
tests with freshwater animals.

o« At least two grab samples of effluent should be collected. The
samples, whether liquid waste or sludge, should be stirred to a uniform
consistency.

QUALITY CONTROL -- Conduct separate tests on each grab sample;
more tests may be desirable if there are known sources of variability such as
process changes.

QUALITY CONTROL -- The sample of the effluent must not be aerated
or altered in any way except that it may be filtered through a sieve or
screen with 2mm or larger holes.

QUALITY CONTROL -- Samples must be covered at all times, violent
agitation must be avoided. .

o Prepare stock solution or dilution of waste.
QUALITY CONTROL ~- Add the same volume at all test levels.

QUALITY CONTROL -- The stability of the test substance in the
stock solution should be determined.

e Place the test organisms in the test containers.
QUALITY CONTROL -- Stratified randomization or total randomization
of the treatment is recommended.

QUALITY CONTROL -- True replicates with no water connection should
be used.

QUALITY CONTROL -- The use of more animals and replication of
treatment is desirable.
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Observations and Results

» The final result should be expressed as concentration tolerated by
the median or "average" test animal. A test is not acceptable if more than
10% of the organisms in any control die in a test determining LC50 or show
effect in a test determining EC50.

e At a minimum, the number of dead or affected animals must be

observed and recorded at 24-hour intervals. More observations, however, are
desirable.

Termination

* At the end of test period, the bioassays are terminated and the
LC50 or EC50 values are determined.

Records

e« Any deviation from these methods should be recorded as well as the
.following specific information:

The chemical characteristics of the the dilution water.
Test organisms.

Definition of the criterion used to determine the effect;
abnormal behavior.

Percentage of organisms that died or showed the effect in the
control treatment.

Duration.
Statistical methods employed to interpret test results.

Report

e In addition to the final report, interim reports may be made
available to the sponsor if required. The frequency of such reports will be
determined prior to study initiation.

EXAMPLE 2. ACUTE STATIC BIQASSAY WITH MARINE ANIMALS

Purpose of Study

» Toxic Effect

Design of Experiment

o Test animals: juvenile sheepshead minnows (Cyprinodon variegatus);
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adult grass shrimp (Pa]aemonetes pujio or P. vulgaris)

« 20 control animals and 20 test animals must be exposed to each
concentration of test material.

« A control and 6 concentrations of effluent in a geometric series
will be used.

« Concentration of test effluent that yields LC50 or EC50 values will
be determined.

« The animals will be observed for 96 hours.

Conduct of the Experiment

o Select the test animals.
QUALITY CONTROL -- The animals should be healthy and as uniform in
size as possible.

QUALITY CONTROL -- During holding, acclimation and testing, the
animals must not be disturbed unnecessarily. When they must be handled, it
must be as gently, carefy]ly, and quickly as possible.

« Grab samples of effluent, whether liquid waste or sludge, should be
stirred to a uniform consistency.

QUALITY CONTROL -- Effluent samples may be filtered through a sieve
or screen with 2mm or larger holes. The collection of samples should be
based, on an understanding of the short- and long-term operations and
schedules of the discharges if possible.

» Check the salinity of undiluted effluent and add an appropriate
amount of salts (Table 3.3.3) to yield a salinity of 10 parts per thousand
as determined by a refractometer.

« Two range-finding tests should be performed: one with aeration and
one without. To aerate, introduce clean air into the test effluent at the
rate of 100 + 15 bubbles per minute. Use effluent concentrations of 0.01,
0.1, 10 and T00 percent. If more than 50 percent of the animals die at 0.01
percent, conduct a new range-finding test at lower concentrations, such as
0.001 and 0.0001 percent. .

QUALITY CONTROL -- The stability of the effluent sample in the
stock solution should be determined.

QUALITY CONTROL -- Conduct a control test in 100% dilution water
at the same time. The pH of the test media and control must be taken before
and after the test.
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« Determine the definitive test concentration from the results of the
range-finding test. The concentration in each treatment must be at least
50 percent that of the next higher one. One treatment must kill more than
65% of the test animals and one treatment must kill less than 35%..

QUALITY CONTROL -- Stratified randomization or total randomization
of the treatment is recommended.

b 4 QUALITY CONTROL -- True replicate with no water connection should
e used.

QUALITY CONTROL -- The use of more test animals and replication of
treatment is desirable.

QUALITY CONTROL -- A separate test should be conducted on at least
two grab samples and more tests may be desirable if there are known sources
of variability such as process changes.

Observations and Results

* Observe the animals frequently throughout the 96 hours and record the
number of dead or affected animals for each 24-hour period. The final
results will be expressed as concentration tolerated by the median or
"average" animal. A test is not acceptable if more than 10% of the control
animals die. -

Termination

» At the end of the test period, the bioassays are terminated and the LC50

or EC50 values are determined.
Reocrds
» Records will be maintained on:
detailed description of the material tested

test animals

abnormalities such as erratic swimming, loss of reflex, discoloration,

behavioral changes, excessive mucous production, hyperventilation,
opaque eyes, curved spines, hemorrhaging, molting and cannibalism

percent of control animals that die or were affected in each test
container during the test

duration

statistical method used for interpreting the result
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Reports

In addition to the final report, interim reports may be available to
the sponsor. The frequency of such reports will be determined prior to
study initiation.

3.3.2.5 Chronic Bioassay--~

Chronic bioassays are of primary value in determining "safe" levels of
toxicants. All such tests involve exposures through the reproductive period
of the life cycle and subsequent exposures of the eggs and young (Eaton, 1970).
The use of the chronic test allows the test operator to better determine the
most sensitive species or life stages to be assayed and on which organisms
to base toxic limits (Martin, 1973).

Test procedures considered adequate are available for bluegill, fathead
minnow, brook trout and Daphnia magna and procedures are being developed for
several additional fish and invertebrate species. Various short-term tests
have also been developed for use in conjunction with chronic tests
(Eaton, 1970). A rather complete discussion of the chronic bioassay is
presented by Sprague (1971).

The chronic tests differ from the acute tests in that they are an attempt
to measure concentration harmful or safe to the system in a direct manner
without using a lethal end point. The chronic test, as with the acute test,
requires similar test operations. Usually continuous-flow test procedures
are used and test dosages are maintained at levels below lethal concentration
and the test is usually carried well beyond the conventional time period for
the acute and/or static test (Martin, 1973).

Only this kind of exposure demonstrates the "safe'" toxicant concen-
trations at which most life processes are protected. Usually the safe
toxicant concentrations as determined by chronic bioassays are 10 to 100
times lower, and sometimes as much as 200 to 500 times lower than concen-
trations determined by acute bioassay using 50% mortality as an end point
(Eaton, 1973).

* Experimental Procedure

Acute flow~through bioéssays should be conducted prior to initiation of
any chronic test. It is desirable for these tests to be on at least two
different age classes (e.g., fry, juveniles or adults).

Concentrations selected for chronic toxicity experiments should be
based on results of acute flow~through bioassays. Concentrations should be
selected so that at least one will adversely affect some life stage of the
test animal and one will not affect any stage.
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Chronic bioassay usually includes exposure of animals to five or six
toxicant concentrations along with a control; consecutive concentrations
usually differ from one another by a factor of 2 or 3. Fish tests often
start with 40 to 50 individuals per tank, and numbers are reduced at
intervals for closer examination for toxicant effects and to adjust sex
ratio so that only 6 to 20 remain at the time of spawning (Eaton, 1970).
Fish chronic exposures routinely take about 10 months to a year to complete
whereas Daphnia magna are exposed for only 3 weeks, as they go through an
entire life cycle in that time (Eaton, 1973). Use true duplicates for each
level of toxic agent with no water connections between duplicate tanks
(U.S. EPA, 1973). For Daphnia magna, true quadruplicates should be used
(Biesinger, 1975).

o0 Water source

Freshwater: should be from a well or spring if at all possible, or
alternatively from a surface water source. Only as a last resort should
water from a chlorinated municipal water supply be used.

Saltwater: should be natural sea water with salinity greater than or
equal to 15%.

Any proposed source must be analyzed for possible pollutants such as
pesticides, PCB's and heavy metals. Special determinations should be made
for those toxicants being investigated (U.S. EPA, 1976).

o Dosing apparatus

A number of apparatuses would be acceptable for this bioassay including
those of Mount and Brungs, 1967; Hansen et al., 1971; Hansen et al., 1974b;
or Schimmel et al., 1974 (U.S. EPA, 1976). The diluter should be checked
daily, either directly or through measurement of toxicant concentrations.

An automatically triggered emergency aeration and alarm system must be
installed to alert staff in case of diluter, temperature control or water
supply failure (U.S. EPA, 1973). '

o Toxicant mixing chamber

A container to promote mixing of toxicant should be used between
diluter and tanks for each concentration. Separate delivery tubes should
run from this container to each duplicate tank. The whole system should
be checked at least once every month to see that the intended amount of
water is going to each duplicate tank or chamber (U.S. EPA, 1973).

o Spawning chamber
The spawning chamber should be small enough to be placed in an
aquarium, but large enough to permit the female to avoid the aggressiveness

of the male, and should be designed so eggs would sink through mesh bottom
and fall on a surface for collection (Hansen and Parrish, 1976).
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o Embryo and fry chamber

These chambers should be constructed to allow for adequate exchange of
water and to insure that the proper quantity of material is entering the
chambers. Care must be taken that each embryo and fry chamber receives an
equal amount of the toxicant solution (U.S. EPA, 1976).

Exposure chamber, spawning chamber, hatching container, growth chamber
and other equipment are varied to meet the needs of the different organisms
used in the test (Rand et al., 1975).

o Photoperiod

Simulate the natural seasonal daylight and darkness periods with
appropriate twilight periods. Make adjustments in photoperiods on the first
and fifteenth of every test month (Rand et al., 1975). It may be desirable
to control lights by a timing switch (Drummond and Dawson, 1970).

o Cleaning
All aquaria should be cleaned whenever material builds up. Aquaria
should be brushed down and siphoned to remove accumulated material a
minimum of 2 times weekly (U.S. EPA, 1973). Care should be exercised in
cleaning to prevent loss. or damage to the fry, juveniles, or adults (U.S.
EPA, 1976).
o Disturbances
All test chambers should be shielded from excessive outside distur-
bances. Tanks should be shielded from all outside light sources that would
interfere with the photoperiod (U.S. EPA, 1976).
0o Test Animals

There are several criteria to be considered when choosing test
organisms for a chronic bioassay:

The test organisms should be able to reproduce readily in
close confinement, producing large numbers of eggs;

fertility as well as survival to adulthood should be high;
the organisms should mature rapidly, yet be small enough at
adult size to maintain large, statistically valid numbers of

test organisms in the bioassay;

the test organisms should be relatively sensitive to toxic
pollutants (Schimmel & Hansen, 1974).
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The test organisms should be obtained from the same source, either
from wild population or suitable culture laboratory (U.S. EPA, 1976). To

obtain a sufficient number of eggs to begin a chronic exposure, two methods
may be employed:

natural spawning from laboratory stocks;

artificial inducement by injection of human gonadotrophic
hormone and fertilization with sperm excised from males
(Schimmel et al., 1974).

The former may be preferable.

o Food

Each batch of food should be checked for pesticides (DDT, Dieldrin,
Endrin, etc.) and the kinds and amounts should be recorded (U.S. EPA, 1976).

o Disease

Disease outbreaks should be handled according to their nature with
each aquarium being treated similarly even though disease is not evident
in all aquaria. All treatments should be kept to the minimum and
recorded as to type, amount, and frequency (U.S. EPA, 1976).

As mature adults begin courtship, separate pairs should be placed in
individual spawning chambers in the aquaria. Pairs should be left in the
chambers until a sufficient number of eggs have been collected to insure
statistical comparisons of fecundity and fertility, and survival counts of
embryo and fry can be made. All eggs should be removed at a fixed time of
each day so that the adults are not overly disturbed and that disruption of
activity will not occur. Daily records of spawning and egg numbers must be
kept. Each pair should be observed daily for a minimum of 2 weeks.
Impartially, 50 fertile eggs should be collected and incubated. If no
spawning occurs at the highest concentration, eggs should be transferred
from control spawns and incubated in the highest concentration to gain
additional information. Survival of embryos, time required to hatch,
hatching success, and survival of fry will be determined and recorded.
Additional groups of 50 eggs from contaminated aquaria should be placed in
control aquaria to determine if they contain chemicals toxic to embryo or
fry.

Daily records on embryos and fry should be kept of mortalities and
development of abnormalities. Termination of the chronic test is
considered as the time when no spawning activity has occurred over a 2
week interval (U.S. EPA, 1976).
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Data that must be reported for each tank of a chronic test are:

number and individual total length of normal and deformed test
animals at 30 and 60 days; total length, weight and number of
either sex, both normal and deformed, at end of test;

mortality during the test;
number of spawns and eggs;
hatchability;

fry survival, growth and deformities (U.S. EPA, 1973).

o Concentration of toxicant

A minimum of 5 concentrations of toxicant and a control, all duplicated,
should be utilized in all chronic tests. Concentrations selected for chronic
toxicity experiments should be based on results of acute flow-through
pioassays. Concentrations should be selected so that at least one will
adversely affect some life stage of the test animal and one will not affect
any stage (U.S. EPA, 1976).

Concentrations of the toxicant should not vary by more than + 10 to 15%
from the selected test concentration because of uptake by the test organisms,
absorption, precipitation and other causes (Rand et al., 1975).

Analyses should be made of the material itself, of the water during this
test and of the test organisms (adult) at the conclusion of the test. At a
minimum, water from each aquarium at the beginning and end of the test, and
test animals from each aquarium (10 or more test animals each) at the end of
the test, should be analyzed. It is highly desirable to chemically analyze
additional samples of water and of test animals including, at each life
stage, muscle tissue and gametes (U.S. EPA, 1976).

o Preparing a stock solution

If a toxicant cannot be introduced into the test water as is, a stock
solution should be prepared by dissolving the toxicant in water or in an
organic solvent. Acetone has been the most widely used solvent, but
dimethylformamide (DMF) and triethylene glycol may be preferred in many
cases. The use of solvents, surfactants, or other additives should be
avoided whenever possible. If an additive is necessary, reagent grade or
better should be used. The amount of an additive should be kept to a
minimum, but the calculated concentration of a solvent to which any test
organisms are exposed must never exceed one-thousandth of the 96~hour
LC50 for test species under the test conditions and wmust never exceed 0.1
gram per liter of water. The calculated concentration of surfactant or
other additive to which any test organisms are exposed must never exceed
one-twentieth of the concentration of the toxicant and must never exceed 0.1

gram per liter of water. If any additive is used, two sets of controls must
be used, one exposed to no additives and one exposed to the
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highest level of additives to which any other organisms in the test are
exposed (U.S. EPA, 1973).

0 Measurements of other variables

Temperature must be recorded continuously. Dissolved oxygen must be
measured in the tank daily, at least 5 days per week on an alternating
basis, so that each tank is analyzed weekly for pH, alkalinity, hardness,
acidity and conductance, or more often if necessary, to show the
variability in the test water. At a minimum, the test water must be
analyzed at the beginning and near the middle of the test for calcium,
magnesium, sodium, potassium, chloride, sulfate, total solids, and total
dissolved solids. Methods described in "Methods for Chemical Analysis
of Watar and Wastes" (U.S. EPA, 1974) should be used for those measuremerits.
At a minimum, accuracy should be measured using the method of known additions
for all analytical methods for toxicants.

If available, reference samples should be analyzed periodically for
each analytical method (U.S. EPA, 1973).

¢ Methods

An example of a protocol for chronic flow-through bioassay with
fish and aquatic invertebrates is given in the following pages.

EXAMPLE: CHRONIC FLOW-THROUGH BIOASSAY WITH FISH AND AQUATIC
INVERTEBRATES

Purpose of the Study

« To determine the quantity of chemical that can be tolerated by fish
and aquatic invertebrates.

Design of Experiment

e Start with 40 to 50 animals per tank. Use at least two different
age classes. ,

 Expose anfma]s in duplicate to five or six toxicant concentrations.

» Use a series of controls in which all test conditions will be
similar to those of the experimental groups, except the toxicant
will be absent from the test medium.

e (Observe for 96 hours LC50.
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Conduct of the Experiment

« Select test species.
QUALITY CONTROL -- The chosen species should be able to reproduce
readily in close confinement, producing a large number of eggs. Fertility
as well as survival to adulthood should be high.

* Fish tests should start with 40 to 50 individuals per tank and
number should be reduced at intervals for closer examination for toxicant
effects and to adjust sex ratios so that only 6 to 20 remain at the time
of spawning.

« A chronic test should be used which includes exposure of animals
in duplicate to 5 or 6 toxicant concentrations along with a control.
Consecutive concentrations usually differ from one another by a factor of
2 or 3.

QUALITY CONTROL -- Stratified randomization or total randomization
of the treatment is recommended.

QUALITY CONTROL -- True duplicate with no water connection between
aquaria should be used.

QUALITY CONTROL -- The control should consist of the same water
conditions and animals of the same species as are used in the remainder of
the test. If any additive is present in any of the test chambers, an
additive control is also required.

- QUALITY CONTROL -- An acute flow-through bioassay should be
conducted prior to initiation of any chronic test. It is desirable for
these tests to be conducted with at least two different age classes.

* Use a proportional diluter for all long-term exposures.
QUALITY CONTROL -- The calibration of the toxicant delivery system
should be checked daily before, during and after the test, either directly
or through measurement of toxicant concentration.

QUALiTY CONTROL -- If duplicate test containers are used, separate
delivery tubes can be run from the mixing chambers to each duplicate.

QUALITY CONTROL -- Check at least once every month to see that the
intended amounts of water are going to each duplicate tank or chamber.

QUALITY CONTROL -- A container to promote mixing of toxicant bearing
water should be used between diluter and tank for each concentration.

Observations and Resuits

» Observe for mortalities and development of abnormalities.

e Obtain water quality criteria by multiplying the 96-hour LC50 of the
most sensitive species tested by an arbitrary application factor.
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Termination

Termination of the test is considered at the time when no spawning
activity has occurred over a 2-week interval.

Records
Records will be maintained on:
 Detailed description of test material
e Test animals

e Percent of control animals that died or were affected in each
test container during the test

 Daily records of spawning, egg numbers, fertility

« Mortalities and development of abnormalities of embryos and fry
e« Number of spawns and eggs

e Hatchability

e Fry survival, growth, and deformities

e Duration

Statistical methods used to interpret test results
3.3.2.6 Algal Bioassay--

The algal bioassay test is intended to identify algal growth-limiting
nutrients, to biologically determine their availability, and to quantify
the biological responses to changes in concentration.

These measurements are made in a uniform manner by inoculating test
water with a selected algal test culture and determining algal growth at
appropriate intervals.

e Species selection

In choosing species for bioassays, the following criteria are useful
guides:

o Whenever possible, indigenous species representing a diversity
of phylogenetic types from the major seasonal succession should
be studied.

0 The more sensitive species should be used.

0 Conditions of greatest vulnerabilities should be identified for
the species selected.

o Both test species and culture conditions should permit growth
rates of 0.5 to 1.0 doublings per day under nonstress conditions
(U.S. EPA, 1976).

e Culture conditions

The culture conditions for the test species generally should reflect
their natural conditioms.
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o Marine algae

For temperate species, a temperature of 20+2°C and a light intensity
of 2500 to 5000 lux on a l4-hour light and 10-hour dark cycle (14:10 cycle)
are desirable.

For cold water species, a temperature of 8+2°C and 2500 to 5000 lux
light intensity on 10:14 cycle is recommended (U.S. EPA, 1976).

o Freshwater algae

A temperature of 2442°C and "cool white" fluorescent lamps giving at
least 250 foot-candles (ftc) (2152 lux), preferably 400 ftc (4304 lux) are
recommended (U.S. EPA, 1977).

* Selection of test water
o Freshwater
Samples for the test may be:

surface samples from lakes and rivers,

wastewaters,

substances of concern that may ultimately reach surface waters,
any sample to which nutrients or other substances are added or
from which they are removed.

o Marine water

Sampling schedules should be arranged to take into account the tidal
fluctuations, sampling preferably at high water, or at both high water and
the following low water.

Transport samples to the laboratory at ice temperature. Temporary
storage in the laboratory should occur under similar conditioms. Each
sample must be tested in triplicate (U.S. EPA, 1977).

e Concentration of spike

The volume of the spike should be as small as possible. The concen-
tration of spikes will vary and must be matched to the waters being tested.
Two considerations should be taken into account when selecting the
concentrations of the spikes:

o The concentration should be kept small to minimize alterations
of the sample, but at the same time it should be sufficiently large to
yield a potentially measurable response.

o The concentration of spikes should be related to the fertility of

the sample. To assess the effect of nutrient additions, they must be com-
pared to an unspiked control of the test water.
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In addition to spikes for the purpose of determining stimulatory or
inhibitory effects on algal growth in test waters, it is sometimes
necessary to check for the possibility that the test water contains some
toxic materials which could influence results. To check for toxic
materials, the test waters may be spiked with the elements in complete
synthetic medium. If no increase in growth occurs, the presence of toxic
materials is suspected (U.S. EPA, 1974b),

e Untreated controls

Control algal cultures must be grown in untreated medium (devoid of
toxicant) at the time bioassays on liquid waste are being done (U.S. EPA,
1976).

e Test methods

Examples of protocols for unicelluar marine algal assay and fresh-
water algal bottle test are given in the following pages.

EXAMPLE: UNICELLULAR MARINE ALGAL ASSAY

Purpose of Study

To determine biological response to changes in toxicant concentration.

Design of Experiment

e Select indigenous algal species or Skeletonema costatum.

* Use at least one control and five test concentration groups. The
five concentrations must be in a geometric series and include concentrations
that inhibit growth by approximately 65 and 35 percent.

* All tests should be performed in triplicate.

* Measure biomass once daily.

Conduct of Experiment

« Maintain algal stock cultures in artificial seawater medium of 10
parts per thousand salinity prepared from glass-distilled or deionized water.
QUALITY CONTROL -- Select the more sensitive algal species and the

conditions of greatest vulnerabilities.

QUALITY CONTROL -- Test species and culture conditions should permit
growth rates of 0.5 to 1.0 doublings/day under nonstress conditions.

QUALITY CONTROL -- Stock cultures must be manipulated according to
standard microbiological techniques to insure a minimum of contamination
by bacteria.

292



« Perform a toxicant concentration range finding test.
~ QUALITY CONTROL -- Perform in duplicate covering concentrations of
4 orders of magnitude.

QUALITY CONTROL -- If growth stimulation occurs, use 5 concentra-
‘tions in a geometric series between a concentration without effect and 100
percent waste.

» When a range has been identified, dilutions of toxicant solutions
should be prepared in distilled water or suitable solvent.

QUALITY CONTROL -- Stock solutions or dilutions of a waste should
be prepared to assure that the same volume is added at all test levels.
This addition should not exceed 1 ml per 50 ml of test medium with
waste water. .

e Control
QUALITY CONTROL -- Algal cultures must be grown in untreated
medium at the time bioassays on liquid waste or sludge are being done.

Observations and Results

» Determine absorbance of the culture every day between days 3 and 12.

« Plot the average absorbance for each day using semilogarithmic
paper and examine the shape of the curve.
QUALITY CONTROL -- Be careful in interpretation of data; some
toxicants inhibit growth in the early stages of a test.

» Estimate final biomass on the 12th day by weighing an aliquot of

each culture.
QUALITY CONTROL -- Use a vacuum less than 0.5 atmospheres to prevent

cell breakage.

Termination

At the end of the 12-day test period, terminate the bioassays and
determine the EC50.

Records
Record the following test data:

« EC50 at 12 days and other days of importance to be decided by the
shape of the growth curve.

« The specific growth rate between days 3 and 12 and any other period
depending upon the shape of the growth curve.
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EXAMPLE 1: FRESHWATER ALGAL BOTTLE TEST
Purpose of the Study

* to identify algal growth-limiting nutrients;
* to determine biologically the availability of growth-1imiting
nutrients;

« to quantify the biological response to changes in concentrations
of growth-limiting nutrients.

Design of Experiment

« Test algae:

Selenastrum capricornutum Printz
Microcystis aeruginosa Kutz. emend Elenkin
(Anacystis cyanea) Drouet and Daily
Anabaena flos-aquae (Lyngb.) De Brebisson
Diatom - cylotella sp.

- Nitzschia sp.

« The starting concentrations in the test water should be as
follows:

S. capricornutum 103 cells/ml
M. aeruginosa and A. flos-aquae 50 x 103 cells/ml

e Measure biomass at least once daily

Conduct of the Experiment

« Select test species.

QUALITY CONTROL -- Test species should be representative cross
sections of types of algae found in waters of differing nutritional status.

e Collect water samples.
QUALITY CONTROL -- Collect water samples in nonmetallic and auto-
clavable storage containers. Leave a minimum of airspace in transport
container; keep in dark and at ice temperature.

QUALITY CONTROL -- Do not reuse containers if toxic or nutrient
contamination is suspected.

QUALITY CONTROL -- Remove indigenous algae by membrane filtration
(0.45 p at 0.5 atmosphere or less) or autoclaving. Water can also be
prefiltered through glass fiber filter.

QUALITY CONTROL -- Duration of storage should be minimized.

« Select spikes of nitrogen, phosphorous, iron, sewage effluents, etc.
QUALITY CONTROL -- Volume of the spikes should be as small as
possible.
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QUALITY CONTROL -- The concentration of the spike should be related
to the fertility of the sample and should be kept small to minimize the
alteration of the sample.

« The effect of nutrient additions must be compared to an unspiked
control of test water.
QUALITY CONTROL -- Check for the possibility that the test water
contains some toxic material which could influence results.

» Test each sample in triplicate.
QUALITY CONTROL -- For statistical purposes divide each into three
aliquots before filtration and thereafter treat as separate samples.

Observations and Results

The fundamental measure used in the bottle test to describe algal growth
is the amount of suspended solids (dry weight) produced; this is determined
gravimetrically. Several different biomass indicators should be used when-
ever possible because biomass indicators may respond differently to any
given nutrient-limiting condition.

Record
The following data should be recorded:

 the EC50 at 12 days and other days of importance to be decided upon by
the shape of the growth curve;

» the specific growth rate between 3 and 12 days and any other period that
should be reported depending upon the shape of the growth curve.

Report

In addition to the final report, interim reports may be made available to
the sponsor if required. The frequency of such reports will be determined
prior to study initiation.

e Results

Growth responses should be statistically analyzed and significant levels
of differences reported. For most purposes a 95 percent significance
level can be considered statistically significant. The EC50 can be
estimated by interpolation by plotting the data on semilogarithmic
coordinate paper with concentrations on the logarithmic axis and percentage
growth in relation to the control on the arithmetic axis. Draw a straight
Tine between two points on either side of the 50 percent growth value. The
concentration at which the line crosses the 50 percent growth line is the
EC50 value (U.S. EPA, 1977).

3.3.2.7 Community Studies --

Two examples of community studies follow:
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o Purpose of study

To determine the effects of various types of alterations such as pred-
ator pressure, variability of the environment, and competition between
species on species living together in a community.

* Experimental design
o Periphyton community

To study the effect of germanium dioxide on a community, an
experiment setup using periphyton was designed by Dickman (1969).
Periphyton was chosen as representative of the community because (Rand et al.,
1975):

o they are a very important food source for most forms of aquatic
life that feed upon plants;

o they carry out the process of photosynthesis which is so
important in the generation of oxygen needed by all organisms
in order to carry out the metabolic processes;

o because of the large number of species, one will find many
species present in almost all natural conditions;

o because as a group, they consist of many species that have
populations composed of varying numbers of specimens;

o they are an excellent group to treat statistically in analyzing
their reaction to varying ecological conditions.

¢ Conduct of Experiment

The basic procedure is to expose a set of slides with a suspected
toxicant to the water column of a lake or stream where it would be possible
for the periphyton to colonize it. A second set of slides identical to the
first in every respect but lacking the suspected toxicant is suspended
nearby for comparison. The species composition of the periphyton colonizing
the two types of slides (treated and control) can then be compared at weekly
intervals by harvesting some of the slides and allowing the remainder to
continue to incubate. Significant differences in the species composition
between the control and the treated slides can then be attributed to the
presence of the substance which was impregnated on the slides.

In this study a chemical with a known toxic effect was chosen in order
to test the proposed technique (in theroy, however, this technique should
be applicable to any water-soluble substance). Germanium dioxide was chosen
because its mode of action has already been demonstrated. In concentrations
above 1.5 mg per liter the germanium dioxide suppresses silicon uptake and
hence fission in diatoms.

e Periphyton sampling
The location on the slide at which a particular alga settles and grows
is controlled largely by chance. Many of the algal species which appear to be

rare in the water column may soon come to dominate the slides on which they
settle. Five replicates should probably be a minimum under such circumstances.
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One cime-saving device is to record the data directly onto IBM forms so that
they are ready for immediate punching. This also reduces the probability of
error in copying the data from one form to another.

e Data analysis

The data from the enumeration of each slide were punched onto IBM
computer cards. A program was written which:

- listed species counted per slide in the order of their relative
abundance,

- calculated the diversity indices,

- calculated the mean abundance (density) and standard deviation
of each species from the replicate slides,

- compared the above means for the treated and control slides at
each time interval by means of Student's t-test.

s Disadvantages of this method

The major disadvantage in applying this technique to general use is that
the concentration of the toxicant at the gel-water interphase is neither con-
trollable nor known. The concentration of the toxicant to which the periphyton
colonizing the slide are exposed will be a complex function of the following
factors:

- the rate of water renewal at the gel-water interphase,
~ the solubility of the compound being tested,
- the viscous flow characteristics and permeability of the gel.

Some of these factors are controllable. The acrylamide polymer gels have the
advantage that they are not biodegradable as is agar.

e Advantages

The major advantage of this technique 1s its wide potential applicability.
Whenever a pollutant is suspected, it could be impregnated in a gel and ex-
posed to the periphyton in the same or similar area as that into which the
potential toxicant would be released.

This method can be applied to marine as well as freshwater environments,
flowing as well as stagnant waters. It can be employed at any time of the
year and at nearly any possible location. In any case, such an approach
obviates the necessity of extrapolating from over-simplified laboratory simu-
lations or modeled environments. Furthermore, the necessary equipment is
minimal and inexpensive. The results are easily quantifiable as a record of
the effects of that particular compound (Dickman, 1969).

e Planktonic larvae community

A test procedure using a planktonic larvae community was designed by
Hansen (1974) as follows:

- a planktonic larvae community is exposed to a test substance for
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a relatively long period of time (usually 4 months);

- 10 aquaria and 10 replicates for each treatment are used (treat-
ment includes control and contaminated apparatus);

- at the end of 4 months, the effects of contaminants on develop-
ment of the community are determined by comparing the number,
species and diversities of animals (Hansen, 1974).

o Planktonic larvae are selected because:

- plankton have long been used as indicators of water quality;

- some speciles flourish in highly eutrophic water while others are
very sensitive to organic and/or chemical wastes;

- they have short life cycles; planktons respond quickly to en-
vironmental changes, and hence the standing crop and species
composition indicate the quality of water mass in which they are
found. As a group, they consist of many species that have popu-
lations composed of varying numbers of specimens. They are an
excellent group to treat statistically in analyzing their re-
actions to varying ecological conditions (Rand et al., 1975).

e Test Substance

Polyethylene glycol 200 is recommended as solvent for most pesticides
because this compound at 0.68-mg-per-liter, 2-ml-per-day concentrations, did
not affect development of two species of crabs, and concentrations up to 1%

(v/v) were not lethal to grass shrimp or sheepshead minnows in 96-hour static
tests. The toxicity of 5 ug/liter of Aroclor 1254 to brown shrimp and pin-
fish was not increased by increasing the concentration of solvent up to 100
times (0.1 to 10.0 mg per liter). The same amount of solvent should be used
in the control apparatus (Hansen, 1974).

For long-term studies, the concentrations of test substances shall be
determined at the start of the study and samples shall be collected and ana-
lyzed periodically to verify concentrations (Hansen, 1974).

o Flow rate

The flow rate through each aquarium should be maintained at 200 ml per
minute (Hansen, 1974).

o Concentration

The range 0.1, 1.0, 10.0 ug per liter of the toxicant seems adequate
(Hansen, 1974).

e Termination

At the end of test period (4 months) the study is terminated and the
index of species diversity as well as the percent occurrence of various
species is determined (Hansen, 1974).
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e Observations and results

Water is analyzed twice monthly and sediment is analyzed at the end of a
4-month period.

Modifications of the Shannon-Weaver method are used to assess effects of
pollution on the natural community

S
H = - ) pi log pi
1=1

where pi{ = proportion of the ith species in the collection
s = number of species,

Pooled data from each toxicant concentration and control are compared statis-
tically using the x2 test for independent samples. Data from each of the 10
aquaria receiving one treatment are compared with data from 10 aquaria receiv-
ing a different treatment using the Mann-Whitney "U" test. Differences are
considered real at alpha = 0.0l.

3.3.2.8 Food-Chain Accumulation--
¢ Food-Chain Model

The buildup of certain substances, such as heavy metals, pesticides, etc.,
in the ecological food chain has been the subject of considerable study in
recent years. Ecologists have attempted to analyze the flow of such material
into various sectors of the ecosystem. To better understand the movement and
transfer of toxicants throughout an estuarine trophic level, several food
chain models or systems have been designed.

The model food chain is, in essence, a simple means to estimate, under
controlled conditions, the movement of an organic synthetic chemical (i.e., a
"foreign" molecule or xenobiotic) in certain representative trophic levels of
a natural aquatic ecosystem.

A food-chain model should be inexpensive, simple to maintain, reproducible,
ecologically relevant and able to produce clearly definable data (Johnson and
Schoettger, 1975).

Thoman et al. (1974) have described a food-chain model of cadmium in
western Lake Erie which is a mathematical model of the transfer of toxicants
in the food chain. The purpose of the model is to:

- examine the structure of the buildup of potentially toxic substances
in the food chain;

- determine what data would be required for a verification of the
model;

- determine the utility and applicability of linear food-chain model
in broadscale ecosystem planning;

- demonstrate the interfacing of nonlinear and linear modeling frame-
works.
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The model has proved useful in large-scale planning applications provided
that additional data have been collected on the various trophic levels.

In a study of pesticide biodegradability, Metcalf et al. (1975) have
proposed a laboratory model ecosystem with a terrestrial-aquatic interface
and a seven-element food chain. The seven elements are:

Algae (Oedogonium cardiacum)
Snail (Physa)

Plankton

Water flea (Daphnia manga)
Mosquito pupae (Culex pupae)
Mosquito larvae (Culex larvae)
Mosquitofish (Gambusia affinis)

This food-chain model has been found very useful in estimating the potential
environmental effects of DDT and other pesticides, particularly in regard to
ecological magnification and biodegradability.

* Experimental Design
Generally the test procedure consists of:

- a series of test containers each with a different, but constant,
concentration of toxicant;

- at least one control and three concentration groups;

- the number of animals per exposure ranging at least from 45 to 60;

- control consisting of the same water conditions, and animals of the
same species and size which are used for the treatment groups;

- all tests performed in triplicate (Hamelink, 1976).

The use of !“C compounds is recommended (Johnson and Schoettger, 1975).
* Test Animals

All test animals should be healthy and as uniform in size and age as
possible. Test animals should be acclimated to laboratory test conditions for
at least 10 days. Mortality of animals should not exceed 1% of the stock in
the 48 hours immediately preceeding the test (U.S. EPA, 1975a).

Frequent disturbance and unnecessary handling should be particularly
avoided because the environment of the animals has an immediate and profound
influence on their respiration and metabolism.

The number of animals per exposure level is relatively large compared to
most other toxicity tests. As a general rule, around 45 to 60 animals per
tank is considered minimal. This quantity is necessary because three or more
animals have to be sampled each period in order to accomodate the amount of
individual variance encountered (Branson et al., 1975; Macek et al., 1975).
About 12 to 15 sampling periods are usually required to establish the dynamics
of both uptake and depuration (Hamelink, 1976).
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A representative sample of test animals should be impartially distributed
to the test containers by adding one or two test animals to each container,
and then adding one or two more to each test container, and repeating the
process until each test container has the desired number of animals in it.
Alternatively, the animals can be assigned either by total randomization or
by stratified randomization (U.S. EPA, 1975a).

For fish, only small fish must be used.
» Test Substance

The test sutstance should be technical grade. If a carrier or vehicle
is used to dissolve or dilute the test substance, it should be chosen to
possess as many of the following characteristics as possible:

~ it should not interfere with absorption, distribution, metabolism
or retention of the test substance;

- it should not alter the chemical properties of the test substance
and not enhance, reduce or alter the toxic characteristics of the
test substance;

- it should not affect the food and water consumption of the test
organism;

- at the level used in the study, it should not produce physiological
effects or have local or systemic toxicity (Anon., 1977).

If a solvent is used, two sets of controls, one with and one without sol-
vent, should be used. The concentration of the toxicant under investigation
should be relevant to the potential use of the information for registration or
environmental impact statement reviews. The concentration of the toxicant
used for a food-chain study should be selected on the basis of acute toxicity,
recommended use rates, or information on probable concentrations likely to
occur in aquatic ecosystems. Acute toxicity data or LC50 (lethal concentra-
tion) values probably represent the best information at present on which to
base the selection of concentrations. Select the LC50 that represents the
least tolerant member of the food-chain model. Concentrations of the toxicant
used should not exceed the LC50. Concentrations between 1/10th and 1/1000th
of the LC50, depending on the slope of the toxicity curve, should be used.
However, other nonlethal concentrations are preferable if they can be esti-
naited from an anticipated use rate from a concentration projected or measured
in aquatic ecosystems (Johnson and Schoettger, 1975).

e Water Quality

Water should be uncontaminated and of constant quality and should meet the
following qualifications:

- suspended solids <20 mg per liter;

- TOC or COD <10 mg per liter;

- unionized ammonia <20 ug per liter;

- residual chlorine <3 ug per liter;

- total organophosphorous pesticides <50 ng per liter;

- total organochlorine pesticides plus PCB's <50 ng per liter.
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Water is considered to be constant in quality if the monthly ranges of
the hardness, alkalinity, specific conductance TOC, or COD, and salinity are
less than 10% of the respective averages and if the range of pH is less than
0.4 unit. Alternative freshwater should be obtained from an uncontaminated
well or spring if possible; only as a last resort should dechlorinated water
be used. If dechlorinated water is used, it must be shown that either first
instar Daphnids can survive in it unfed for 48 hours or that residual chlorine
measured below 3 mg per liter at the beginning of the test (U.S. EPA, 1975a).

¢ Test Duration

Test duration is determined by the time required to reach equilibrium.
For a great majority of the pesticides studied by Macek et al. (1975), equil-
ibrium was observed in a relatively short period of time (less than 3 weeks).
However, in order to assess metabolism of the chemicals by fish and to be
confident steady-state conditions have been reached, exposure periods ranging
from 28 to 45 days are often employed.

e Size of Exposure Tank, Flow Rate and Turnover Time

Size of exposure tank and turnover time are determined by the total weight
of the animals in each exposure level. Fish appear to require a minumum of
1l liter of water per gram per day (Branson et al., 1975; Macek et al., 1975;
Reinert et al., 1974). There is a general tendency to increase the water
turnover frequency as the average weight of the fish increases. This arises
simply because it is generally easier to increase the flow rates than tank
size (Hamelink, 1976).

The flow rate through the test chambers should not vary by more than 10%
from any one test chamber to any other or from one time to another within the
test.

e Sampling

All samples should be taken in replicates of 3 to 5 and expressed as mean
values + standard error; however, the chemical nature of the toxicant may
necessitate a larger sample size. Data should not be utilized when mortality
within the experimental group exceeds that in the control by 5% (Johnson and
Schoettger, 1975).

¢ Chemical Analysis

Chemical analysis used in measuring uptake and degradation requires sen-
sitivity sufficient to detect and quantify nanogram amounts. Radiolabeled
compounds and radiometric assays consisting of liquid scintillation spectrometry
and autoradiography or thin-layer chromatograms are recommended. The radio-
active material, preferably !“C-labeled, should occupy the most stable portion
of the molecule. Efficiency of the radiometric system should be based on
comparison with a spiked control (Johnson and Schoettger, 1975).
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e Analysis of Results

Report all samples in terms of degradability of toxicant, percentage of
degradation, and chromatographic identification of degradation products. Ex-
press all data as the mean + standard error.

e (Calculation
o Plateau method

Calculate the mean and standard deviation of the concentration of chemi-
cals in the water. A range of less than :20% of the mean is desired. Al-
ternatively, a time-weighted average can be determined by integration.

Divide the concentration of chemical observed in the animals by the average
concentration in the water. These values constitute the observed bioconcen-
tration factor. Plot the observed bioconcentration factor versus time. If a
plateau is observed, report the bioconcentration factor (BF) at or about the
plateau region.

o Kinetic methods
Plot the concentration observed in the animals versus time during ex-

posure. Determine the slope for that initial period which can be observed to
be linear to fit the uptake equation

C = a+ Kt Eq. 3.3.1
where C = chemical concentration in animal (mg/liter)
a = vy intercept
K; = uptake rate (mg/g/h)
t = time in hours

Plot the concentration observed in the animal during depuration on semi-
log paper versus time. If a straight line is apparent, determine the depura-
tion equation

InC = a- Kpt Eq. 3.3.2

where (C, a, and t are defined as above)
K2 = clearance rate

When these two rates are equal, the equilibrium concentration is
0 = K; - KyCe Eq. 3.3.3
where Ce = concentration of chemical in animals at equilibrium

By solving Eq. 3.3.3 for the Ce and dividing by the average concentration
of chemical observed in the water (W), the projected BF at equilibrium is
derived.

Ce

—— = BF

W e
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3.3.2.9 Metabolic Bioassay--

Recurring pollution of natural waters from the manufacture and use of
pesticides has accentuated the need for suitable monitoring methods. The de-
termination of fish brain acetylcholinesterase (AchE) activity has been used
for monitoring purposes. Gibson et al. (1969) exposed fish to organophosphate
pesticides and showed that the mortality and recovery from organophosphorus
polsoning are not necessarily related to the degree of AchE inhibition. Test
specimens experiencing over 907 inhibition may fail to develop pronounced
symptoms or organophosphorus poisoning and recover completely when removed to
freshwater. They found great inhibition of AchE without death and death with
little inhibition and therefore questioned the usefulness of AchE activity in
the fish brains for monitoring. The confusing relationship between mortality
and the degree of AchE inhibition jeopardized logical interpretation of data,
i.e., the degree of AchE inhibition is not always related to the amount of
toxicant present or to the length of exposure. Also, the cholinesterases are
inhibited by more substances than any other group of enzymes.

However, recent laboratory and field studies have indicated that brain
AchE inhibition in fishes is related to organophosphate insecticide poisoning.
A specific level of brain AchE inhibition was shown to be related to deaths
that occurred in a test population of sheepshead minnows (Cyprinodon variegatus)
exposed to organophosphate insecticides in water under controlled static
conditions in the laboratory (Coppage, 1972). Similar findings were made for
AchE inhibitions in brains of cod (Gadus callarias) exposed in seawater in
the laboratory to Paraoxon, a metabolite of the organophosphate insecticide
parathion (Alsen et al., 1973).

Also, several field studies have shown that AchE inhibition in fish
brain is correlated with water pollution or spraying with organophosphate
pesticides in both fresh and estuarine water (Williams and Sova, 1966;
Holland et al., 1967; Mayer and Walsh, 1970; Carter, 1971; Macek, et al.,
1972).

A field study of three species of estuarine fishes showed that brain
AchE inhibition was correlated with mosquito control operations with the
organophosphate Malathion (Coppage and Duke, 1971).

Several methods have been used for the assay of cholinesterase. Most
methods are based on the determination of the rate of disappearance of
acetylcholine or the rate of formation of acetic or butyric acid from the
hydrolysis of acetylcholine, acetyl-B-methylcholine or butyrylcholine
(Witter, 1963).

There are two prerequisites for a satisfactory procedure:
~ The rate of the reaction measured must be proportional to the amount
of enzyme present. In other words. a straight line relationship must

exist between enzyme concentration and enzyme activity.

- Enzyme measured under conditions of the assay must be a cholinesterase.
Usually this is demonstrated by showing that low concentration of the
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specific inhibitor eserine inhibits the hydrolysis of the substrate
(acetylcholine).

Coppage (1971), in the study of the characteristics of brain AchE of
sheephead minnow (Cyprinodon variegatus), has proposed a method for in vivo
inhibition, utilizing the pH stat which overcomes many of the limitations
and sources of error of other AchE assay methods.

In this test, 5 to 10 brains of adult fishes (40-70 mm total length)
were pooled, weighed wet, homogenized in distilled water and diluted with
distilled water to the desired tissue concentration. Acetylcholine iodide
(Ach), acetyl-B-methylcholine iodide (Mech) and butyrylcholine iodide were
used as ester substrates.

In vitro inhibitors were: guthion, phorate, diazinon and eserine
sulfate.

For enzyme assay instrument, a Sargent recording of pH stat was used.
Indicating the ability to meet prerequisites, the Figure 3.3.7 shows that the
rate of hydrolysis of acetylcholine increased linearly with increasing amount
of enzyme (brain homogenate). In addition, eserine completely inhibited
hydrolysis of Ach at 1x10 “ﬂ concentration and inhibited hydrolysis by 81.5
percent at 1x10 Gg, indicating hydrolysis is primarily caused by AchE
(acetylcholine).

The inhibition values (Table 3.3.32) indicate that the presence of
organophosphate pesticides can be detected by the pH stat brain AchE assay,
but it is obvious that in vitro inhibition is not closely related to the
toxicity of the compounds. Guthion is approximately 30 times as toxic as
parathion but causes only about twice the inhibition.

This poor correlation between in vitro inhibition and in vivo toxicity
can be explained by the fact that toxicity depends on in vivo AchE inhibition.
Therefore, only in vivo inhibition could be a meaningful indicator of toxicity.

» Coppage's Proposed Techniques

Data from this study indicate that the following procedure is suitable
for measuring normal and in vivo inhibited brain AchE with the automated pH
stat: pool 5 to 10 brains from fish of similar size, weigh wet, homogenize
in distilled water, and dilute with distilled water until tissue concentra-
tion is 5 mg per ml; mix 2 ml of diluted brain homogenate with 2 ml of 0.03M
acetylcholine iodide in distilled water; titrate the liberated acetic acid
with carbonate-free 0.01N NaOH; carry out the reaction at pH 7 and 22°C while
passing nitrogen over the liquid to prevent absorption of atmospheric carbon
dioxide. Calculate the micromoles of substrate hydrolyzed per unit of time
from the number of micromoles of NaOH required to neutralize the liberated
acetic acid per unit of time, and express AchE activity as micromoles of Ach
hydrolyzed per hour per mg brain tissue.

For interpretation of in vivo inhibition, bioassay tests of fish in the
laboratory should be made to determine the relationship of AchE inhibition
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Figure 3.3.7
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Hydrolysis of acetylcholine (15mM) by sheepshead minnow brain
homogenate as a function of homogenate concentration.

TABLE 3.3.32 1IN VITRO ORGANOPHOSPHATE PESTICIDE INHIBITION OF SHEEPSHEAD
MINNOW BRAIN AchE COMPARED TO TOXICITY
Percent inhibition at 48-hour LD50 (ug per

Pesticide 1x10 “M concentration liter of aquarium water)
Guthion 59.3 3.5
Phorate 31.5 9.0
Parathion 27.8 100.0
Diazinon 100.0 100.0

306



.

to pesticide concentration, length of exposure and death.

The assay method derived from studies in this work, when applied in
tests comparing in vivo brain AchE inhibition and toxicity in sheepshead
minnow, yields AchE activity measurements that correlate well with exposure
and observed toxicity.

It is likely that a similar characterization and assay method would lead
to improved correlation between brain AchE inhibition and observed toxicity
in other fish.

The confusing relationship between mortality and degree of in vivo AchE
inhibition reported by Gibson et al. (1964) is not evident in this test with
the pH stat.

¢ Advantages of the method utilizing pH stat.

- This method overcomes many of the limitations and sources of error
of other AchE assay methods.

- It does not utilize buffers.

- It is rapid and simple to operate.

- Rate curves are obtained by continuous recording of hydrolysis;
also, pH, temperature, and enzyme and substrate concentration can
be adjusted and maintained to permit studies of kinetics and
optimum conditions.

- It is not subjected to errors from color interference inherent in
spectrophotometric methods.

- It 1s not necessary to use substrates foreign to the enzyme, and
small errors in substrate concentration would not significantly
alter results as would be the case where residual Ach is measured
(Coppage, 1971).
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3.4 MICROBIOLOGIC ASSAY

The elements of a program to insure validity and integrity of experi-
mental results in microbiologic work are essentially the same as those for
other areas of biology: personnel, supervision, sampling, procurement and
acceptance specifications, instrument checks and calibration, experimental
design, standard test methods, controls (positive and negative), statisti-
cal analysis of data, and proficiency testing.

Competent, dedicated, industrious personnel are essential to the success
of any program. Although there is no substitute for competence, continuing
education, workshops, and on-the-job training can do much to raise the level
of performance (Russell et al., 1969; Prier, 1973; Bartlett et al., 1968;
Lott, 1973). The dedicated worker can be counted on for the extra time and
effort that oft-times spells the difference between success and failure in a
project. 1Indolent employees, on the other hand, may resort to short cuts and
improvisions that can lead to erroneous results. Automated systems, where
applicable, can eliminate, to a large degree, human errors due to such
factors as eye fatigue. Automation has been a great boon in analytical
chemistry and hematology. However, much remains to be accomplished in this
area of microbiology technology (Heden and Illeni, 1974; Kuzel and Kavanagh,
1971; Kavanagh, 1974; Rippere and Arret, 1972).

Supervision must be professional and thorough. This important aspect
of the program cannot be delegated to technical personnel or relegated to the
status of a casual walk-through inspection from time to time by a busy admin-
istrator with many other duties constantly demanding attention. The proper
supervision of a successful quality control program for a large laboratory is
a major administrative task. The supervisor must make certain that all
elements of the program are in operation at all times. A perfunctory exam-—
ination of logbooks and test results will not insure this; the supervisor
must be in the operationm.

The other elements of the quality control program vary according to the
nature of the project and will be discussed specifically in the following
sections.

3.4.1 Microorganisms - Diagnostic Environmental Microbiology

Quality control in microbiology received a great impetus with the pas-
sage of the Federal Clinical Laboratories Improvement Act (CLIA) of 1967 which
established minimum standards for clinical laboratories engaged in interstate
commerce in the U.S.A. (PHS, 1968). A wealth of information and experience
is now available for organizations launching programs in this area (Russell
et al., 1969; Prier et al., 1973; Vera, 1971; Halstead et al., 1971; Glasser
et al., 1971).

3.4.1.1 Sampling--
Environmental samples for the isolation and identification of patho-

genic microorganisms must be representative, of sufficient size, and
properly preserved so that viability of the agents isolated is preserved.
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Water sampling methods for sanitary bacteriology have been developed
and refined over a period of many years and are described in detail in Stan-
dard Methods for Examination of Water and Wastewater, l4th Edition, 1975
(Rand et al., 1975). Samples for judging water quality according to the 1975
USEPA Drinking Water Standards should be collected in sterile bottles that
have been properly cleaned and rinsed with distilled water. A dechlorina-
ting agent should be added unless the sample is collected in broth for direct
plating. Sodium thiosulfate is usually added for dechlorination prior to
sterilization in an amount sufficient toryield a final concentration of
100 mg/1 of sample. Water samples high in copper or zinc or wastewater
samples high in heavy metals should be collected in bottles which also con-
tain a chelating agent such as ethylenediaminetetraacetic acid in an amount
to give a final concentration of 372 mg/l. Individual samples should be
taken at representative stations over the complete distribution system. The
minimum number of samples to be collected each month 1s determined by the
size of the population dependent upon the supply. Distribution system taps
should be opened for 2 to 3 minutes, or long enough to empty the service line,
before collecting the sample.

Other samples for bacteriologic examination of water should be repre-
sentative and collected in a manner that precludes contamination. Well water
should be hand-pumped for about 5 minutes before collecting the sample. The
critical factor in collecting samples from a stream, lake, reservoir, spring,
or shallow well is that the sample be representative of the body of water
sampled. Samples from a stream may be taken at one-quarter, one-half, and
three-quarters the width at various sites. The sample bottle should be held
near the base and plunged neck downward to the desired depth and then turned
slightly upward with mouth toward the current. Flow patterns and other hydro-
logic factors in streams as well as the tendency of motile organisms to
gather where light, temperature, oxygen, nutrients, and/or flow are favorable,
present difficulties in collecting a representative sample. The use of a
standard Kemmerer Sampler for collecting multiple discrete samples at various
depths and the continuous automatie-type sampler for collecting samples pro-
portional to the flow pattern of the stream should merit consideration
(Bicking, 1976). Samples collected from a boat should always be taken from
the upstream side of the craft. Samples from moderate depths may be taken
by attaching a weight to the base of the sample bottle. Deep sampling
devices such as the ZoBell J-Z Sampler may be used for collecting samples
at various depths from a lake or reservoir. The device consists of a 350-ml
bottle with glass and rubber tubing equipped with a cable and a messenger.

The messenger is released when the bottle is at the desired depth and breaks
the glass tubing at a point weakened by a file mark and the sample is sucked
in under a partial vacuum created at the time of assembly. Although impounded
waters do not present as many hydrologic problems with respect to sampling,.
stratification and other factors make multiple sampling imperative to be truly
representative. Bottom sediment samples may be collected with a Von Donsul
and Geldreich sampler consisting of a stalnless steel frame and a sterile
plastic bag equipped with a nylon cord which closes the bag when the sampler
penetrates the sediment.

Water samples should be tested as soon as possible after collection to
insure valid results. Samples that cannot be analyzed within one hour after
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collection should be refrigerated at a temperature below 10°C. The maximum
time between sampling and transportation of refrigerated samples to the lab-
oratory should be no longer than 6 hours. Samples handled in this manner

should be refrigerated on receipt at the laboratory and processed within 2
hours.

The major groups of pathogenic microorganisms that may be present in
surface and groundwaters in the U.S.A. are Salmonella, Shigella, pathogenic
Escherichia coli, Leptospira, and enteric viruses. Vibrio cholerae should
also be considered in view of present-day widespread world travel. Standard
methods of sampling for these groups of microorganisms in water have not been
developed at this time. 1In general, however, some method of concentrating
the sample must be employed since these omganisms are present in much smaller
numbers than the coliforms which are the index of pollution in sanitary
bacteriology. Three techniques are recommended in Standard Methods (Rand
et al., 1975).

e Swabs are prepared from a 216-cm length of 23-cm wide cheese-
cloth folded five times at 36-cm intervals. This provides a rectangle
23 cm wide on the folds by 36 cm long on the open edges, and six layers
thick. Cut this lengthwise to within 10 cm of the head into 4.5-cm
wide strips or streamers (four cuts making five streamers). Tightly
wrap the uncut end with 16-gauge wire. For sampling, the swab is placed
slightly below the surface of the stream for 3 to 5 days and traps
microorganisms and other particulates. Water expressed from the swab,
and pileces of the swab itself, are placed in enrichment media for
analysis. Gauze pads of the same thickness may be substituted for the
cheesecloth swabs.

e Diatomaceous earth ("Cellite", etc.) packed over an absorbent
pad in a membrane filter holder may be used for concentrating micro-
organisms. At least two liters of sample should be drawn through the
filter mass by vacuum. Representative samples of the filter "plug'" are
then sampled for analysis.

¢ Commercial membrane filters, 0.45-um pore diameter, are satis-
factory for concentrating pathogenic microorganisms in samples with low
turbidity. Several liters of sample should be used.

Human enteric viruses excreted with the feces into domestic sewage con-
stitute a special problem in water management. Viral particles in the center
of clumps, covered by debris, or otherwise protected, may escape inactivation
and eventually find their way to fully virulent form into a community water
supply. Although there are only six viruses known to be shed in large
numbers from the human intestinal tract - poliovirus, echovirus, coxsackie
virus, reovirus, adenovirus, and infectious hepatitus virus - each occurs in
varying numbers of different antigenic types so that today well over 100
different human enteric viral serotypes are recognized. Outbreaks of water-
borne viral disease continue to be reported both here and abroad and there is
considerable concern about larger and more serious outbreaks in the future
(Craun et al., 1976). Fortunately, viruses are unable to multiply outside
living cells and, unlike bacteria, do not increase in numbers in the water
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supply. This creates a special problem in water virology, however, since

large volumes of sample (400-1900 liters) must be processed through filters

or adsorbents to insure isolation of sufficient infectious units for viral
identification. Great progress has been made in this area during the past
decade, largely through the efforts of Metcalf (1961), Cliver (1967), Berget al
(1971), Jakubowski et al. (1974), Hill et al. (1976), Wallis and Melnick
(1967), and Wallis et al. (1972). A tentative microporus filter technique

for enteric virus concentration in finished waters has been included in the
latest (1l4th) edition of Standard Methods (Figure 3.4.1.).

FLUID
PROPORTIONER

PRESSURE FLOW PRESSURE

RELIEF METER GAUGE MIXING

VALVE A Ci AMBER

HOSE
INTAKE

CHEMICAL
ADDITIVE HOSE
CONTAINERS OUTLET

Figure 3.4.1. Diagrammatic view of the virus-concentrator apparatus.
Ancillary component parts are shown mounted on a two-wheeled dolly
constructed of angle iron. Note: Use stainless steel fittings for

all connections. (Rand et al., 1975)

The main features of the virus-concentrator apparatus are:

e Virus adsorbent

8-um 4+ 1l.2-pym stack of 293-mm cellulose nitrate membrane filters
or

S5-ym + l-pum stack of 267-mm epoxy-fiberglass—asbestos discs
or

3 epoxy-fiberglass tubes, 8 um, 24.5 x 63.5 mm in parallel

e Sample treatment (continuous)
pPH 3.5

Sodiym thiosulfate (1:100 final canc.)
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¢ Sample size

400 to 2000 liters (to detect 1 to 2 infectious units/400 1)
e Flow rate

4 to 10 liters per minute
e Elution

0.05M glycine buffer, pH 11.5

e Reconstitution

Adjust pH to 3.5. Add AlCl; to final conc. 0.0005M. Filter
through stack of 47-mm AA3Cox M-780 fiberglass filters 5 um
and 1 ym. Elute with glycine buffer, pH 11.5, into buffered
Hanks balanced salt solution with nutrient broth or 20% fetal
calf serum, adjust to pH 7.4.

Wallis et al. (1972) have developed a portable virus concentrator for
isolating viruses from highly turbid tapwater. Yarn-wound clarifying filters
are used in conjunction with a 293-mm size membrane filter or fiberglass
textile filter. A commercial unit that concentrates viruses from water and
elutes them as well is now available also (Rand et al., 1975).

Since subclinical enteric viral infections are quite common during the
summer months the following quality control practices have been advocated by
Akin and Jakubowski (1976) to safeguard against false positive results in
water analysis.

¢ Personnel directly involved in sample collecting and handling
should routinely have throat and rectal swabs collected. They
should be processed if a virus-positive water sample is found

e Aseptic technique and a closed system should be used for sample
collecting and processing

e When samples are to be stored prior to testing, they should
be placed in ultralow temperature freezers that contain no

other type of virus sample

e Samples should be processed 