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PREFACE

The series of manuals on techniques describes methods used by the Geological
Survey for planning and conducting water-resources investigations. The material is
arranged under major subject headings called books and is further subdivided into
sections and chapters. Book 5 is on laboratory analysis. Section A is on water. The unit
of publication, the chapter, is limited to a narrow field of subject matter. “Methods for
Collection and Analysis of Aquatic Biological and Microbiological Samples” is the
fourth chapter to be published under Section A of Book 5. The chapter number
includes the letter of the section.

This manual was prepared by many aquatic biologists and microbiologists of the
U.S. Geological Survey to provide accurate and precise methods for the collection and
analysis of aquatic biological and microbiological samples. The looseleaf format of
this methods manual is designed to permit flexibility in revision and publication.
Supplements, to be prepared as the need arises, will be issued to purchasers at no
charge as they become available.

Reference to trade names, commercial products, manufacturers, or distributors in
this manual does not constitute endorsement by the U.S. Geological Survey nor rec-
ommendation for use.

This manual supersedes “Methods for Collection and Analysis of Aquatic Biological
and Microbiological Samples” by K. V. Slack, R. C. Averett, P. E. Greeson,and R. G.
Lipscomb (U.S. Geol. Survey Techniques Water-Resources Inv., book 5, chap. A4,
1973).
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METHODS FOR COLLECTION AND ANALYSIS OF
AQUATIC BIOLOGICAL AND MICROBIOLOGICAL SAMPLES

Edited by P. E. Greeson, T. A. Ehlke, G. A. Irwin, B. W. Lium, and K. V. Slack

Abstract

Chapter A4 contains methods used by the U.S. Geological
Survey to collect, preserve, and analyze waters to determine their
biological and microbiological properties. Part | discusses
biological sampling and sampling statistics. The statistical
procedures are accompanied by examples. Part 2 consists of
detailed descriptions of more than 45 individual methods,
including those for bacteria, phytoplankton, zooplankton,
seston, periphyton, macrophytes, benthic invertebrates, fish and
other vertebrates, cellular contents, productivity, and bioassays.
Each method is summarized, and the application, interferences,
apparatus, reagents, collection, analysis, calculations, reporting
of results, precision and references are given. Part 3 consists of a
glossary. Part 4 is a list of taxonomic references.

Introduction

The Department of the Interior has the basic respon-
sibility for the appraisal, conservation, and efficient
utilization of the Nation’s natural resources, including
water as a resource, as well as water involved in the use
and development of other resources. As one of the
several Interior agencies, the U.S. Geological Sur-
vey’s primary responsibility in relation to water is to
assess its availability and utility as a national resource.
The U.S. Geological Survey’s responsibility for water
appraisal includes not only assessments of the loca-
tion, quantity, and availability of water but also deter-
minations of water quality. Inherent in this responsi-
bility is the need for extensive water-quality studies
related to the physical, chemical, and biological ade-
quacy of natural and developed surface- and ground-
water resources. Included, also, is the need for sup-
porting research to increase the effectiveness of these
studies.

As part of its mission the Geological Survey is
responsible for providing a large part of the water-
quality data for rivers, lakes and ground water that is

used by planners, developers, water-quality managers,
and pollution-control agencies. A high degree of relia-
bility and standardization of these data is paramount.

This manual was prepared to provide accurate and
precise methods for the collection and analysis of aqua-
tic biological and microbiological samples. Although
excellent and authoritative manuals on aquatic biolog-
ical analyses are available, their methods and proce-
dures are often diverse. The purpose of this manual is
to set forth in a single chapter the methods used by the
U.S. Geological Survey in conducting biological in-
vestigations. .

The work of the U.S. Geological Survey in aquatic
biology and microbiology ranges from research to the
collection of basic information from field investiga-
tions and from a nationwide network of water-quality
stations. The objectives vary so widely that it is im-
practical to tailor methods to fit all possible require-
ments. In general, the methods herein apply to the
collection of basic data. Because these data comprise
an irreplaceable fund of information, the future uses of
which cannot now be foreseen, it has seemed advisable
to depart occasionally from established practices in
water-quality techniques. These departures are clearly
described, adequately justified, and increase the valid-
ity of the results.

It is clear from the accelerating rate of publication of
reports on this subject that new and improved methods
are being developed in response to man’s increasing
awareness of his environmental role. A technique
which represents the state-of-the-art today may be out-
dated tomorrow. The author of a manual of techniques
may have the impression of taking a ‘‘grab sample’’
from a changing stream of new developments, al-
though it is possible to a degree to integrate the experi-
ence of the past and to select the most appropriate
methods from an ever-growing population.
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A methods manual is only one of several tools avail-
able to the investigator. At best it can tell him ‘‘how
to,’’ it can never tell him ‘‘what to;’’ nor can it tell him
what a specific numerical value means. Entire volumes
have been written on subjects, for example, primary

productivity, to which this manual can devote only a
few pages. It is emphasized that the successful inves-
tigator must keep abreast of the new developments,
both in methodology and in the understanding of aqua-
tic ecosystems.




Part 1. Biological Sampling
and Statistics

Introduction

The organisms that live in water occupy a variety of
habitat types. Benthic invertebrates that inhabit lakes
and ponds may resemble the types found in the pools of
streams, but not those in the riffles. Similarly, the
phytoplankton of lakes and reservoirs has a different
species composition than that of streams.

A riffle may be considered a macrohabitat, but in it
are numerous microhabitats: which vary in current
speed, size of substrate material, depth of water, expo-
sure to the sun, and other environmental factors. Each
microhabitat may be occupied by different kinds, as
well as numbers of organisms, a complexity that
makes biological sampling both challenging and dif-
ficult.

This section discusses some of the environmental,
as well as biological, considerations in the sampling of
aquatic organisms. The first part describes distribution
patterns of organisms and the design of simple recon-
naissance and monitoring programs. The second part
describes distribution models and sampling statistics.

Aquatic organisms may be grouped into the broad
categories of plankton, benthos, and nekton (Welch,
1952, p. 221). Plankton are organisms of relative small
size that have either weak powers of locomotion, or
none at all. They are free floating and drift passively
with the movement of the water. Organisms included
in the plankton are the phytoplankton or plant
plankton, the zooplankton or animal plankton, and
some bacteria. Plankton may be collected with the
same methods used for the collection of water samples
for chemical or suspended-sediment analysis. That is,
to collect a sample of plankton at a given depth use a
water-sampling bottle. To collect a sample representa-
tive of the entire flow of a stream use a depth-inte-
grating sampler (Guy and Norman, 1970; Goerlitz and
Brown, 1972). Further discussion is given in Part 2,
‘‘Phytoplankton.”’

The benthos are those organisms that live in or on

the bottom of lakes, streams, or estuaries. Although
many of them possess powers of locomotion, they
generally do not move great distances. Examples of
benthic organisms are worms, mollusks, and the
juvenile forms (larvae and nymphs) of most aquatic
insects. Various types of nets, grabs, dredges, and
artificial substrates are used to collect these organisms.
A discussion of collecting devices and their use is
found in Part 2, ‘‘Benthic Invertebrates.’’

The nekton are larger organisms which swim freely.
Their distribution is usually unaffected by the move-
ment of the surrounding water. Examples include most
fishes, other aquatic vertebrates, and some zoo-
plankters. These organisms are captured with traps,
nets, and other more specialized equipment. A detailed
discussion of sampling equipment and its use for col-
lecting nekton is found in Part 2, *‘Zooplankton’’ and
‘‘Aquatic Vertebrates.”’

One of the important and fascinating problems of
biology, one that has held the attention of scientists for
centuries, is that of defining the patterns, as well as the
causative factors for the distribution and abundance of
plants and animals in time and space (Andrewartha and
Birch, 1954). Although our knowledge is still meager,
sufficient information is available for the design of
sampling programs that provide inferences about or-
ganisms and their distribution patterns.

We now know that organisms are seldom distributed
randomly except possibly when the population density
is very low. Usually, organisms in nature are under-
dispersed or clumped or ‘‘patchy’’ (the contagious
distribution of Elliot, 1971) in their distribution (fig.
1). This clumped distribution pattern is brought about
by the behavior and habitat requirements of the or-
ganisms. For example, many aquatic insects deposit
eggs in clusters, and the resulting larvae or nymphs
often remain in the area after hatching. Burrowing
organisms may find only small sections of stream
bottom, where fine sediment has deposited, as a suita-
ble habitat. Consequently, they tend to cluster in these

3
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areas. In other instances, the clumped distribution of
the food supply influences the distribution of aquatic
organisms.

A combination of anatomical, physiological, and
behavioral factors often restricts or controls the distri-
bution of organisms to particular habitats. Some or-
ganisms such as blackfly larvae (Simuliidae) have
holdfast structures by which they attach to solid sur-
faces in the fast-flowing water of streams. Other or-
ganisms, such as some midge larvae (Chironomidae)
are specialized for burrowing in soft mud and feeding
on organic matter and, thus, are restricted to lake
bottoms or to the pools of streams. Some caddisfly
larvae such as Hydropsychidae are restricted to flow-
ing water where they spin nets to catch organic parti-
cles carried by the current. Other groups of organisms
are less specialized and consequently occur in a variety
of habitats.

Although some areas in a stream may be densely
populated with organisms, other areas of similar ap-
pearance may be almost devoid of life. This illustrates
the subjectivity of habitat classification schemes based
upon human judgment. A relatively large number of
samples must be collected from a large number of
habitat types if the goal of a sampling program is to
describe the flora and fauna of an area with a high
degree of accuracy. Biological data often provide the
most useful basis for assessing water-quality condi-
tions and changes. Because biological samples, in
general, are far more time consuming to collect and to
analyze than are chemical samples, a biological sam-
pling program must be carefully designed if it is to
yield useful results.

Biological surveys and
simplified sampling
methods

Although sampling programs based on statistical
design provide the most reliable information, it is not
always necessary or feasible to employ them. General
faunal and floral reconnaissance surveys and some
surveillance and monitoring programs can be con-
ducted successfully with simplified sampling tech-
niques. In this regard, the species list and other simple
and subjective methods are still useful ways to present
data (Hynes, 1964). In the following discussion,
benthic invertebrates are used to illustrate biological
sampling although the principles apply as well to other
aquatic plant and animal communities.
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Figure 1.—Distribution patterns of organisms. In nature most
organisms occur in the clumped or patchy distribution.
(Modified from Odum, 1971, with permission.)
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Determination of the various habitat types in the
area to be sampled is the first step in the design of a
faunal survey. The physical substrate (boulders, rub-,
ble, sand, and mud), velocity of flow, exposure to the
sun, width, and depth of water should be considered.
After the various habitat types have been noted, the
investigation can proceed by collecting samples from
each habitat. Although not always necessary, it is
generally useful to determine the proportion of the area
of the stream or lake bottom sampled, even when
making a general faunal survey.

The number of samples to collect in each habitat
type (stream riffle, for example) is a subjective matter
if quantitative techniques are not used. Needham and
Usinger (1956) found that two samples, each measur-
ing 1 square foot in area (0.093m?), taken from a
Surber (1937) sampler were sufficient to be reasonably
certain of obtaining representatives of the principal
organisms in a riffle in Prosser Creek, Calif. Gaufin,
Harris, and Walter (1956) found in Lytle Creek, Ohio,
that, on the average, as many as 10-15 percent of the
species were not discovered until at least eight Surber
samples were collected. However, their findings
showed that three samples contained at least half and
sometimes two-thirds of the species observed after 10
samples. Chutter and Noble (1966) also found that
three Surber samples collected at least one individual
of all the more common animals in a South African
stream. In addition, it was shown that the more care-
fully the sampling site is defined the more reliable will
be the sample data.

In general, three 1-squafe-foot (0.2787m?) samples
per habitat type are considered sufficient for a faunal
survey in a stream (Cairns and Dickson, 1971, p. 762).
If the investigation is to measure or show changes in
biomass, more intensive sampling is required (Hynes,
1970, p. 27). See Part 2 for additional discussion of
quantitative sampling of benthic invertebrates.

Many water-quality investigations require monitor-
ing or surveillance of an aquatic area over along period
of time. Such systematic resampling usually involves
using either a transverse or a longitudinal transect
system, or a grid or quadrant system.

Transect

In a stream, transect sampling consists of collecting
samples either along a section of its length or along a
line across the stream (fig. 2A). In a lake or reservoir,
itconsists of collecting samples along a line which may
be delineated by buoys. Samples may be collected at
uniform intervals along the transect line or at random

Figure 2.—Examples of transect- and grid-sampling schemes.
A, Longitudinal and transverse transects. B, A grid of nine
sampling sites.

locations selected with the aid of a table of random
numbers.

If the transect line is longitudinal with a stream and
includes pools and riffles, each habitat type should be
considered as a separate entity. That is, the number of
samples to be collected in the pool area should be
independently chosen from the number to be collected
in the riffles. Essentially this is the stratified method of
sampling. The method insures that both pools and
riffles are sampled equally.

A transect sampling program for lakes and reser-
voirs can be designed in the same manner as for
streams, except as previously mentioned, the type of
bottom material often cannot be determined until the
sample is brought to the surface.

Grid or quadrant

A sampling grid or quadrant consists of an imagi-
nary or physical rectangular arrangement of lines,
covering all or part of a given habitat (fig. 2B). For
example, assume that a riffle measuring 5 by 20 meters
is to be sampled for benthic organisms. If a 0.5-m?-
sampling device is used, there are potentially 200
sampling units, each of which could be assigned a
number. If 10 sampling units are to be sampled, they
may be selected by number taken from a table of
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random numbers (Snedecor, 1956, p. 10~13; Snedecor
and Cochran, 1967, p. 543-546) or in some other
randomized fashion as described in the section on
‘‘Statistical Sampling.’’ A grid or quadrant sampling
scheme should, as with the transect scheme, give equal
consideration to the various habitat types.

In lakes, reservoirs, and deep rivers, grid bound-
aries may be established with the aid of buoys. Sam-
pling within the area delineated by the buoys can be
carried out similarly to that described for streams. If
the sampling is for organisms suspended in the water
(phytoplankton and zooplankton, for example) several
samples from different depths may be required.

The simplified sampling techniques described
above are useful for faunal and floral surveys, general
reconnaissance surveys, and for some surveillance and
monitoring programs. In many instances they are ade-
quate to fulfill the objectives of detailed studies, al-
though most interpretive studies will require more in-
tensive sampling and a well-planned experimental de-
sign. In addition, interpretive studies usually require
that the experimenter know something about the inher-
ent error in his sampling equipment, the variability
within samples collected in the same area or habitat,
and the variability between samples collected in differ-
ent habitats. Consequently, the sampling design for
interpretive studies is often based upon distribution
models, sampling statistics, and expressions of biolog-
ical diversity.

Statistical techniques in
biological sampling

Regardless of the type or purpose of the study,
sample collection should be designed on a meaningful
basis. A large number of samples collected at the
wrong time or place have less value than a few samples
carefully selected as to time and place of collection.
The frequency of sample collection will depend on the
variability of environmental and biological factors and
on the study objectives. The greater the habitat varia-
bility, the more intensive the sampling program must
be. Life history events of the organisms also must be
considered in the design of a sampling program. Some
organisms have two or more generations a year; others
have but one. Moreover, many aquatic insects spend
only the juvenile period of their lives in water, emerg-
ing just prior to the adult transformation. In lakes and
reservoirs, phytoplankton and zooplankton succeed
one another in a somewhat rhythmic fashion; one may
be abundant while the other is scarce. Vertical and

horizontal movements of phytoplankton and zooplank-
ton also are common in lakes and reservoirs. These
facts, plus many others increase the variability of the
results of biological investigations.

In spite of the temporal and spatial variability of
aquatic populations, statistical techniques are avail-
able for the design of sampling programs and for the
evaluation of biological data. References on the sub-
ject of statistical sampling and analysis are Snedecor
(1956), Steel and Torrie (1960), Stanley (1963), and
Snedecor and Cochran (1967). Specific work on sam-
pling statistics in aquatic biology was reported by
Needham and Usinger (1956), Gaufin, Harris, and
Walter (1956), Ricker (1958, 1971), Chutter and
Noble (1966), Elliott (1971), Gulland (1971), and
Chutter (1972). Although it is beyond the scope of this
manual to describe statistical sampling techniques in
detail, the application and shortcomings of some
mathematical models for the distribution of organisms,
and some simple random-sampling techniques will be
described briefly. Additional discussion of the meth-
ods given here is provided in the cited references.

For the purposes of the discussion to follow, certain
terms and concepts must be defined. A clear distinc-
tion should be made at the onset between sampling
statistics and test statistics. Sampling statistics are de-
signed to determine the number of samples needed to
make valid inferences about the population being sam-
pled. Sampling statistics also provide a framework for
the design of experiments and of data-collection pro-
grams. Test statistics are designed to determine if a
significant difference exists between the means of sev-
eral samples at a specified probability level. That is,
test statistics help determine whether the different
samples can be considered statistically as taken from
the same or from different populations.

The purpose of statistical sampling is to gather quan-
titative information about some attributes of the popu-
lation under consideration. The samples are used to
represent the population, defined for statistical pur-
poses as the whole aggregate of something within an
area being studied. The population may be, for
example, all the mayflies on the rocks of a particular
riffle. An attribute or characteristic is some measurable
or descriptive quality of the population. For example,
it may be the number of mayflies of a particular species
in the stream riffle or their dry weight per unit area.
When the riffle is sampled, some of the mayflies are
removed, and their kinds, numbers, weights, or other
attributes are determined or measured and used to
estimate these same attributes for all the remaining
mayflies, that is, for the entire population in the riffle.
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A statistic of a sample is used to estimate a parame-
ter of the population. Standard symbols for distin-
guishing between the statistics of a sample and the
parameter of a population (modified from Elliott,
1971, p. 13) are:

Statistics of Parameters of

sample population
Arithmetic mean _________. T u
Variance _________________. 82 o2
Standard deviation __..____. s o
Standard error of mean ___. S o
Number of sampling units _. n N

A variable is a changeable feature of the population.
Counts or measurements, such as number or weight of
mayflies per unit area of stream are the variables that
are recorded and are subject to statistical treatment.

A variable may be continuous or discontinuous (dis-
creet). A continuous variable may assume any value
within a given range. Measurements such as lengths
or weights are, in theory, continuous variables because
within their range they can have any value. Discon-
tinuous variables can only assume integral (whole
number) values. One of the most common discreet
variables is the count; for example the number of
mayflies per unit area of stream riffle. In the discussion
which follows, the symbol x will be used to denote the
variables. The symbol X (x-bar) denotes the mean or
average of a group of sample variables.

A sampling unit is an area where a sample is col-
lected. The number of sampling units in a particular
aquatic environment will depend, for example, on the
size of the area to be sampled (stream riffle, for
example), the size of the sampling apparatus used, and
the objectives of the study.

Before discussing statistical sampling, some men-
tion must be made of the models used to describe the
various distribution patterns of organisms in nature,
and how discontinuous variables (count data) are trans-
formed to approximate the normal distribution. Al-
though the sampling statistics that will be given later
can be used without direct application to distribution
models, their ultimate success in estimating the
number of organisms in the population or other discon-
tinuous attributes depends upon an understanding and
application of the statistics involved in the distribution
models.

Distribution models

It was mentioned earlier that organisms are seldom
distributed randomly or uniformly in nature, but rather

that a clumped or patchy {contagious) distribution is
usual (fig. 1). Nevertheless, there are examples where
the individuals in a population form groups of a par-
ticular size and these groups closely approach a ran-
dom distribution (Odum, 1971, p. 205). Moreover,
although the organisms may be clumped within a riffle
or other large area, the individuals within the clump
may be distributed randomly (Odum, 1971, p. 206).

It is necessary to determine the type of distribution
and the degree of clumping of organisms if meaningful
statements are to be made about the population. Statis-
tical methods designed for random or uniform
distribution are not applicable for strongly clumped
distributions (Elliott, 1971, p. 37; Odum, 1971, p.
205). Also the number of samples (sampling units)
depends upon the type of distribution. If the organisms
are truly randomly dispersed, only a few samples may
be needed to gather useful information about the popu-
lation. If the population is strongly clumped, however,
many more samples will be needed. The size of the
sampling units in the area to be sampled also is de-
pendent upon the distribution of the organisms as will
be shown later. Because the distribution patterns of
organisms in a particular stream or lake are usually
unknown, intensive sampling is often needed in the
initial phases of a distribution or population estimation
study.

If the region to be studied is divided into sampling
units, then for the density of organisms per sampling
unit, the three distribution patterns in figure 1 can be
expressed as mathematical models based upon the rela-
tionship of the population variance (o%) to the popula-
tion mean (u). Elliott (1971, p. 16) lists the following
three mathematical distributions and their uses:

1. Positive binomial: This model is appropriate (but
only approximate) when the variance is signifi-
cantly less than the mean (o?<p). It describes
the uniform or regular distribution of figure 1.

2. Poisson: This model is used when the variance is
approximately equal to the mean (o?=pu). It
describes the random distribution of figure 1.

3. Negative binomial: This is the model used when the
variance is significantly greater than the mean
(o*>p). It describes the clumped or patchy
distribution of figure 1.

It is beyond the scope of this manual to describe the
mathematical basis and calculations for each of these
distributions, but some of their characteristics will be
given. For additional discussion see Stanley (1963, p.
21-62), Snedecor and Cochran (1967, p. 199-227),
and Elliott (1971, p. 14-79). Much of that which
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follows is from Elliott (1971), which should be con-
sulted for a more detailed treatment.

Positive binomial distribution

This model is used when the organisms are some-
what evenly distributed or spaced in their environment
(0®<u). This uniform distribution may result when
the individuals in a population are crowded and move
away from one another such as young salmonid fish
(Chapman, 1966). Territorial behavior may also
produce a uniform distribution of sedentary inverteb-
rates over a small area of stream or lake bottom (El-
liott, 1971, p. 46).

Although the distribution of organisms in an aquatic
environment may not be uniform over a large area
(riffle bottom, for example), it may be uniform over a
smaller area of a square meter or less. Thus, the regular
distribution will often be useful in describing the dis-
persion of a population of organisms in a small area.
The sampling unit must be chosen large enough so that
#>1, but small enough so that sufficient samples can
be collected in the area of interest.

Poisson series distribution

This model is used when the organisms are ran-
domly distributed in space (o2=pu). Generally, this is
the first distribution of organisms to be considered.
However, too often a random distribution is assumed
without being determined. In a random distribution
there is equal chance of an individual occupying any
point in an area being sampled, and the presence of an
individual at one point does not influence the position
of other individuals nearby (Elliott, 1971, p. 38).
There is, in fact, no system in a Poisson distribution—
some individuals appear in groups and others as more
widely dispersed individuals.

Thus, although a Poisson distribution is often ac-
cepted after agreement with a statistical test, the possi-
bility still exists that the population has a nonrandom
distribution. Consequently, the possible reasons for a
random distribution must be considered. Elliott (1971,
p- 39) mentions that random distribution could result
from the influence of a single factor whose values are
themselves randomly distributed, or from chance ef-
fects. He further mentions that if the first possibility is
rejected, the second must be considered with the con-
clusions that environmental factors have either no ef-
fect or a minor effect on the dispersion of the popula-
tion or there is no tendency for the individuals of the
population to move toward each other.

Elliott ends by mentioning that these explanations
may be difficult to accept and concludes that, while

nonrandomness may be present, it is difficult to detect
by field-sampling techniques.

Obviously the size of the individual sampling unit
must be considered. If the size of a sampling unit is
much larger or much smaller than the average size of
the clumps of individuals in the sampled area, and the
clumps are regularly or randomly distributed, then the
population is apparently random. However, even a
properly sized sample will not detect a clumped or
patchy distribution if there are but a few individuals per
sample. When the population dispersion is low, a
random distribution -is usually a suitable hypothesis.
For a discussion see Stanley (1963, p. 57-62), MacAr-
thur and Connell (1966, p. 44-57), and Elliott (1971,
p- 3845 and 68-71).
~ When the population dispersion is random, the vari-
ance of the sample (s?) decreases steadily with the size
of the sampling unit, so that the sample variance ap-
proaches the sample mean (s?<X) as the sample mean
approaches zero. Whereas such results (that is, an
appearance of equality of sZ and X) may seem to be
strong evidence for random dispersion, Elliott (1971,
p- 69) gives two reasons for caution: (1) The largest
sampling unit may contain a sample smaller than the
mean size of the clumps— that is, the dispersion is
clumped or patchy with very large groups of individu-
als, or (2) the smallest sampling unit may be larger than
the mean size of the clumps which are themselves
regularly distributed.

: Although there are pitfalls in assuming that or-
ganisms in a population are randomly distributed, it is
still a useful assumption in many instances. When a
large number of sampling units are sampled (n=30),
randomness often is a valid assumption, and statistical
inferences usually can be made (Elliott, 1971, p. 81).

Negative binomial distribution

This is frequently the only model that truly describes
the distribution pattern of organisms in nature. It is the
clumped, patchy, or contagious distribution of Elliott
(1971) (o®>p). Although there often are definite
clumps or patches of organisms in nature, the
distribution patterns of the clumps may vary greatly
from habitat to habitat. The actual dispersion pattern
will depend upon the size and spatial distribution of the
clumps and, of course, on the spatial distribution of the
individual organisms within the clumps (Elliott, 1971,
p. 50). Consequently, there are various patterns for a
clumped distribution, and though several mathemat-
ical models have been proposed to describe them, the
negative binomial is probably the most useful.
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The negative binomial distribution has two parame-
ters, the mean and the exponent k, and is described in
Elliott (1971, p. 23-29). Because the distribution can
be derived from several models, it is useful in describ-
ing several types of clumped or patchy distributions.
Elliott (1971, p. 51) lists the following models as being
appropriate to benthic samples:

1. True contagion: When the presence of one indi-
vidual increases the chance that another will
occur in the same sampling unit.

2. Constant birth-death-immigration rates: If each
clump of a population has constant rates of
birth and death per individual and of immigra-
tion rate per unit of time, then a negative bino-
mial will result.

3. Randomly distributed clumps: If the clumps of indi-
vidual organisms are distributed randomly and
the individuals are in a logarithmic distribution
within the clumps, then a negative binomial
will result.

For a complete discussion of the negative binomial
distribution as applied to organisms in nature, see
Elliott (1971, p. 50-79).

Test statistics and data
transformation

The discussion of the distribution of organisms in
nature has been concerned with count data or discon-
tinuous variables; that is, the number of organisms
inhabiting a unit area or volume. Counts are important
in biological studies, but in many instances the vari-
ables measured are continuous; that is, they may as-
sume any value within a given range. Lengths,
weights, and ages of organisms are examples of con-
tinuous variables. These types of measurements gen-

erally follow the normal distribution. Although the
normal distribution is not a useful model for count
data, it is the distribution often associated with statisti-
cal tests of significance between sample means. These
tests are not included in this section although they are
the next logical step in the analysis of biological data
after adequate samples have been collected.

Statistical tests based upon the normal distribution
are called parametric tests, and they involve evaluating
the null hypothesis which assumes that a particular
distribution is a useable model for the samples. Non-
parametric tests are available (Snedecor and Cochran,
1967, p. 120-134; Elliott, 1971, p. 112-125), but
most statistical testing has traditionally been based
upon the estimates of parameters of the normal
distribution.

The requirements for the use of the normal distribu-
tion for statistical inference (Snedecor, 1956, p.
35-65; Stanley, 1963, p. 21-31; Snedecor and Coc-
hran, 1967, p. 32-65; and Elliott, 1971, p. 94-112) are
as follows:

1. The variance of the sample must be independent of
the mean.

2. The components of the variance must be additive.

3. The frequency of the counts must approximate a
normal distributior.

Because these conditions are often not realized with
count data, it is often necessary to transform the data to
normalize their frequency and to fulfill the other re-
quirements of a normal distribution (Elliott, 1971, p.
30 and 98). Snedecor (1956, p. 314-328), Snedecor
and Cochran (1967, p. 325-338), and Elliott (1971, p.
30-36) discuss the transformation of discontinuous
(count) data. Although no single transformation is use-
able for all distributions, Elliott (1971, p. 33) suggests
the following empirical transformations for the several
distributions discussed above:

Original distribution Distribution not

Transformation Special conditions

Poisson__. ... s2=T

Poisson____________ . _.__. s

Negative binomial _ .. .. ... _.__.___

Negative binomial .. . _.. ___._..__....

Replace z by V.
Replace z by V/ z+0.5.

No counts <10.

Some counts <10.

R N z+0.375
eplace z by sinh \/k*——+2(0.375)' k >5.
Replace z by log (x+k/2). 2<k<5.

Replace z by log z.
Replace z by log (x+1).

No zero counts.

Some zero counts.
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Statistical sampling

Statistical sampling techniques permit some esti-
mate, within a given range, to be made about the
number of organisms in a population or some other
attribute associated with the organisms in the popula-
tion. They are not without their pitfalls, however, and
not the solution to all biological sampling problems.
As Elliott (1971, p. 9) has warned, ‘‘Statistical meth-
ods should not be used as a salvage operation!’’ They
must be used carefully and with an understanding of
their limitations.

Sample size

Determination of the number of sampling units (n)
that must be sampled in order to yield meaningful
results is of paramount importance in the practical
problems of designing and financing a biological study
program. Unfortunately, no specific answer can be
given to the question of samiple size because the
number of samples needed depends upon: (1) The size
(area or volume) of the sampling unit, (2) the number
of sampling units in each area or volume to be sam-
pled, (3) the location of the selected sampling units in
the area to be sampled (Elliott, 1971, p. 128), and (4)
the cost of collecting and analyzing samples.

Generally, a sampling unit of small size (area or
volume) is the most suitable for determining the
distribution pattern of a population. If the population
has a truly random distribution, then all sampling units
should be equally useful in the estimation of the popu-
lation parameter. A small sampling unit is also more
efficient (efficiency being measured in terms of the
relative sample sizes needed to give estimates of equal
precision) than a larger unit when the dispersion of the
population is clumped or patchy. The advantages of a
small sampling unit over a larger one are: (1) More
small sampling units can be taken for the same amount
of effort, (2) many small sampling units have more
degrees of freedom than a few larger sampling units
(degrees of freedom will be discussed later), and (3)
many small sampling units will cover a wider range of
habitat types than a few larger units. A disadvantage in
the use of the small sampling unit is that the sampling
error at the edge of the unit is greater. Thus, the size of
the sampling unit must be a compromise between
statistical accuracy and practical requirements (Elliott,
1971, p. 128).

Elliott (1971, p. 81-93) lists the total sample sizes
needed (n=number of sampling units required) for the
various types of distribution models for count data
previously discussed. In general, he suggests that with

rare exceptions at least 30 sampling units be sampled,
but preferably 50. In reality a sampling of even 30
sampling units often cannot be realized. Nevertheless,
the experimenter should be aware of the number of
sampling units needed for accurate estimates of the
population or its attributes. More will be said about the
required number of sampling units under the various
statistical sampling methods that follow. In the sam-
ples that illustrate the calculations of the several tech-
niques, the sample number has been kept purposefully
low to illustrate the application of the formula.

Simple random sampling

Random sampling requires that the sampling units
be selected without bias and that the samples collected
be representative of the entire population (Elliott,
1971, p. 131). Consequently, every sampling unit in
the population must have an equal chance of being
selected. This is often accomplished with a table of
random numbers such as in Snedecor (1956, p. 10~
13), Arkin and Colton (1962, p. 158-161), and
Snedecor and Cochran (1967, p. 543-546).

As an example, a grid system established on a
stream riffle revealed that there were 200 sampling
units. The investigator wished to select randomly 10 of
these units for the purpose of collecting samples. A
table of random numbers was consulted and the first 10
three-digit numbers between 001 and 200 that ap-
peared either in the columns or rows were taken as the
units to be sampled. For example, in Snedecor and
Cochran (1967, p. 543), starting with row 00, sam-
pling units 085, 058, 186, 015, 030, 149, 079, 002,
095, and 070 would be chosen. Here the 10 numbers
were selected between row numbers 00 and 06.
However, it is not necessary to start at the top of the
table of random numbers; any row or column can be
used. The 10 sampling units also could have been
drawn from 200 numbered and well mixed cards or key
tags, placed in a container.

Simple random sampling is popular because it is
easy to carry out, is unbiased, and provides an estimate
of the error of sampling, or how much the sample
statistics may be expected to vary from the population
parameters. A random sample usually will have a
relatively large error when applied to a natural popula-
tion. It is for this reason that stratified random sam-
pling (to be discussed later) is preferred. Nevertheless,
there are numerous occasions in which simple random
sampling will provide adequate results; for example, in
phytoplankton sampling in well-mixed lakes, rivers, or
estuaries, or even for benthic invertebrate sampling in
areas of uniform substrate.
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The mean (¥) of a simple random sample can be
estimated as

LS
:E="=; (D

where x; is an individual observation and n is the
sample size, or the number of sampling units sampled.
The mean of a group of data represents the value that,
on the average, would be expected to occur. Expected
upper and lower values or confidence limits for the
mean can be calculated, and when this is done, the
mean becomes a more useful statistic because expected
deviations from it are known.

The first step in placing limits around the sample
mean consists of calculating the sample variance. The
variance of a sample is the sum of the squared devia-
tions of the individual variables (X¥) from the mean of
all the variables (¥). It is calculated as

s2=l=l =.i=_1. n (2)

where 52 is the sample variance, and x is the arithmetic

mean (as above). The term 3z;* is the sum of the

squared individual variables or observations, whereas

( Zx) is the square of the sum of the individual

variables. The sample size is denoted by n. Note that
instead of dividing the sum of the squared deviations
by n, as was done in determining the mean, the value
n—1 is used. The notation n— 1 refers to the degrees of
freedom of the sample. Though the reason for this is
long and involved, it is an important distinction. See
Snedecor and Cochran (1967, p. 45-46) for a discus-
sion of degrees of freedom. :

The standard error of the mean (s5) is a measure of
how the sample mean varies. It provides information
on how much error is inherent in an estimate of the
mean and how reliable the sample mean may be when
it is used to estimate the population mean.

The standard error of the mean of a simple random
sample is computed as

i \/E
=\ 3)

where s? is the sample variance as before.
The standard deviation of a random sample (s),

calculated as the square root of the variance, is a
measure of the spread of the individual measurements
about the mean (Snedecor and Cochran, 1967, p.
32-34) and should not be confused with the standard
error of the mean.

The standard error of the mean provides useful in-
formation, but it is often desirable to place some confi-
dence limits about the mean. The confidence limits
define the upper and the lower values that the mean
may have at a given probability level. For example, if
confidence limits are calculated for the sample mean at
the 95-percent probability level, it means that the pro-
bability is 95 to 5 (19 to 1), that the population mean
(u) lies somewhere between the calculated limits
placed on the sample mean (X). ,

The confidence limits about the mean are calculated
as

Xx(t)(sy) 4)

where ¢ is from Student’s ¢ distribution and has n—1
degrees of freedom, and s, is the standard error of the
mean as given in equation 3. Values for ¢ are given in
Snedecor (1956, p. 46), Arkin and Colton (1962, p.
121), Snedecor and Cochran (1967, p. 549), and in
other statistical texts. The table is used by noting the
degrees of freedom (n— 1 in equation 2) in the left-hand
column, and reading the z-value in the body of the table
under the appropriate probability level. Note that the
probability level (P) appears at the top of the table as
the probability that a value will fall outside the pro-
bability limits; for example, the ¢ values for the 95-per-
cent probability value are to be found in the column
0.05 (that is, 1—0.95). Although the value of ¢ is
usually taken at the 95-percent probability level
(P=0.05) in biological sampling, the experimenter
need not be bound by this general rule.

From a preliminary sample, it is possible to calcu-
late the number of additional samples (n) needed in
order to determine the mean within some preselected
percentage error

{2s?

n=f 5

where L? is a preselected allowable error of the sample
mean and ¢ and s? are as defined above.

The degrees of freedom for ¢ are not known for this
equation because n is unknown. As a result, the value
of ¢ is usually approximated as 2. This is sufficiently
accurate because the value of ¢ at the 95-percent pro-
bability level (P =0.05) ranges only from 2.042 at 30
degrees of freedom to 1.960 at = degrees of freedom.
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The value for L is selected by the experimenter on the
basis of program objectives and operational con-
straints. Too great a level of accuracy, however, may
be expensive or unattainable because the allowable
error in sampling is squared. Thus, a 5-percent allowa-
ble error would require not twice, but four times as
many samples as a 10-percent allowable error. An
illustration of this formula applied to a biological prob-
lem may be found in Snedecor and Cochran (1967, p.
516-519), Edmondson and Winberg (1971, p. 193-
194), and in the example that follows.

Example 1. Calculations involving a simple
random sample

A total of 150 multiple-plate artificial-substrate
samplers (see Part 2, ‘‘Benthic Invertebrates, Numeri-
cal Assessment’’) were placed in a single riffle. After 4
weeks, 10 of the samplers were removed, and the
number of caddisfly larvae (Trichoptera) were counted
on each of the 10 samplers. The counts were as fol-
lows:

Number of
Sampler caddisfly larvae x2
(x3)

) 15 225
2 .. 12 144
E S 12 144
4_ 8 64
S 13 169
6 . 11 121
I 14 196
8 . 12 144
S B 10 100
10 ... S, 13 169
Total .___.____ 120 1,476

From these counts the mean was calculated as in equa-
tion 1:

n

x.
% 120
L - o5 =120,

=

In this instance, because the data are discontinuous,
whole numbers are used. Thus, on the average, each
multiplate sampler would be expected to yield 12 cad-
disfly larvae.

From equation 2, the variance (s%) of the sample
becomes:

n 2
3 g =l 1,476 — 120
i=1 n 10
§?= =1 = 9 =4.0.

The standard error of the mean (s,) from equation 3 is

st 4.0 —
$z= \/n =\10 ~ v0.4=0.63.
In this example, for a standard deviation of one, the
mean value would be expected to vary by one caddisfly
larva (12+1), that is, range between 11 and 13 larvae.
If probability statements about the mean are to be
made, it is necessary to calculate a confidence limit of
the mean (equation 4). For this example, the value of ¢,
at the 95-percent probability level (P=0.05) and at
n—1 or nine degrees of freedom is 2.262. The confi-
dence limits about the mean thus become

Xx(t)(sx)=12+(2.262)(0.63)=12+1.42.

Therefore, from the preliminary sample, there is a
95-percent probability that the population mean (u)
number of caddisfly larvae lies between 12+2, or 10
and 14.

With equation 5 it is possible to calculate the number
of samples needed to keep the final mean at a given
probability level, within some preselected percentage
error. Considering the value of ¢ to be 2, at the 95-per-
cent probability level (P=0.05), the number of sam-
ples needed for an allowable 10-percent error of the
sample mean would be

st (4) 4)

L*  (12x0.1)*

Thus, if a 10-percent error is allowable, 11 samples
must be collected. If the allowable error is 20 percent,
16/5.6 or 3 samples must be collected. A 30-percent
error would require 16/13 or only 1 sample.

Stratified random sampling

Stratified random sampling is useful when the strata
are distinct, have known sizes, and when an individual
stratum is more homogeneous than the population as a
whole. The method is particularly useful in that it
provides information on the relative sample sizes
needed to equalize the variances among the several
strata. Stratified random sampling has obvious
applicability in reservoir and lake sampling, where
sampling stations are established at several locations
horizontally, but the samples are collected at various
depths. In this application, the method determines the
depth at which the variance of a given constituent is
greatest and the number of samples needed to reduce
the variance to a particular level.
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In practice, the entire sampling area is divided into
various strata and each stratum is sampled inde-
pendently. A stratum is a subdivision either by area or
volume. It may refer to the layering of water masses in
a thermally stratified lake or reservoir or to horizontal
stratification, such as morphological changes in the
type of bottom material in a stream section.

If prior information is available about the relation
between the variable of interest and other controllable
variables, then stratified random sampling increases
sampling efficiency by dividing the population into
several more or less homogeneous strata and is pre-
ferred over simple random sampling (Elliott, 1971, p.
132). Moreover, stratified random sampling increases
the accuracy of population estimates because it at-
tempts to sample so that the strata or subdivisions of
the population are adequately represented.

If the strata are unequal in size (area, for example)
the number of samring units allocated is made pro-
portional to the area of each stratum; that is, to the total
number of available sampling units in the stratum. The
actual sampling units (areas to be sampled) within each
stratum are located randomly.

When the units in a sample have been proportionally
allocated, the sampling fraction in each stratum is the
same (Elliott, 1971, p. 132); that is,

T _ M T 6

NN NN .
where n, is the number of samples collected within
stratum 1, and N, is the total sample units within
stratum 1. That is, random sampling units of n,,
ny, . . . Ny units are selected from the k strata contain-
ing Ny, N, . . . Ny sampling units. Note that n and N
refer to the total number of sampling units in the
sample and in the population, respectively. These are
calculated as

k

Z:l n=n1+Ne+ -+ - +ny

) @)
2N=N1+N2+~-+Nk

therefore N,/N, N,/N are the relative weights attached
to each stratum. The sample thus becomes self-
weighting, and the arithmetic mean of the whole sam-
ple is the best estimate of the population mean (Elliott,
1971, p. 133). The number of sampling units to sample
in each stratum (n,) is calculated as

ni= (%’) (n). ®

The simplest allocation is to make the sampling
fraction the same in each stratum, as given in equations
6 and 8, but the optimum allocation is to make n,
proportional to Nis;, That is,

N,‘Si
k
Z N,’Si
i=1

n;=

)

where N, is the total number of sampling units in the ith
stratum and s, is the standard deviation (square root of
the variance) for the ith stratum (Snedecor and Coc-
hran, 1967, p. 523-526). The stratum variance s> is
determined from a preliminary sample in each stratum.
The optimum sample allocation requires that the sam-
ple units be selected randomly.

Stratified random samples have an overall mean x
calculated as

o
3

...
il
-

_ MT1+NoLo+ - - My
' n

(10)

311
]

VV[\’]R.
3

I
—

where n, is the number of sampling units sampled in the
ith stratum, and ¥; is the sample mean from these
sampling units. Again, n designates the number of
sampling units sampled from all the strata (Snedecor
and Cochran, 1967, p. 520; Elliott, 1971, p. 133).

The variance of the mean (sz?) of a stratified random
sample is calculated as

w=x ) (5) (%)
-(e) () (-3)
+(7) (D) (%)
o +(%> (%) (1—%) (11)

where s;® refers to the sample variance of the ith
stratum calculated as in equation 2 for a simple random
sample and N | and n; and N are the total number of
sampling units in the ith stratum, the number of sam-
pling units sampled in the ith stratum, and the total
number of sampling units in all strata (3N,), respec-
tively.

If the sampling units actually sampled in a stratum
exceed 10 percent of the total sampling units in the
stratum, that is, if n//N;>0.1, then a finite correction
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factor, 1—(n/N)), is needed (Snedecor and Cochran,
1967, p. 522; Elliott, 1971, p. 133). The finite correc-
tion factor can be computed only when the total
number of sampling units in each stratum is known.
With a simple random sample, the total number of
possible sampling units is either seldom known, or
ny/N; does not exceed 0.1.

The standard error of the mean (sg) of a stratified
random sample is

[ N\ /s ni _
Siﬂ/Z&(ﬁ) (;;,.) (“ﬁ) a2)

which is the square root of the variance of the mean as
given in equation 11. Once again, the finite correction
factor may or may not be used.

An approximate confidence interval for the strata
mean can be calculated from equation 4, with ¢ having
n—1 degrees of freedom.

Example 2. Calculations involving a stratified
random sample

Consider the stream riffle discussed under *‘Grid or
Quadrant’’ in ‘‘Biological Surveys and Simplified
Sampling Methods.”’ In the example the riffle meas-
ured 5 by 20 m and was to be sampled with a 0.5-m?
sampler. Consequently, there were 200 sampling units
(N=200) in the riffle. Consider that further observa-
tions revealed four distinct strata based upon the type
of bed material in the riffle. Upon measurement these
four strata contained approximately the following
number of sampling units: Rubble and gravel (V,), 50
sampling units; gravel and sand (N;) , 60 sampling
units; gravel and mud (N3), 60 sampling units; and
sand (NV4), 30 sampling units.

If a total of 40 sampling units (n) are to be sampled
from all the strata, then using proportional allocation
(eq 8), the following calculations are made to deter-
mine the number of sampling units to be sampled in
each stratum:

Number of
Stratum habitat type  Stratum N n sampling units (n;)
No. to sample in
! each stratum
Rubble and gravel.. 1 0 x40 10
o 200
Gravel and sand 2 50 x40 12
T 200
Gravel and mud 3 8040 12
Tt 200
30
Sand______ ... ._..__ 4 200 x40 6

From this simple proportional allocation of sam-
pling units among the four strata, 10 sampling units
would be sampled in stratum 1, 12 each in strata 2 and
3, and 6 in stratum 4.

Let one objective of the study be to determine the
number of Chironomidae (midge) larvae found in the
samples taken in each stratum as well as in the riffle as
a whole. To do this, the 10 sampling units in stratum 1
are sampled, the samples sorted, and the number of
Chironomidae larvae counted. The same procedure is
followed for the remaining three strata. From these
data the mean (x), as given in equation 1, and the
variance (s%) from equation 2, as given for simple
random sampling, and the sample standard deviation
(square root of the variance) are computed for each
stratum. The results of these calculations are as fol-
lows:

Sampling units Chironomidae per sampling

unit

Stratum

habitat Per Sampled Standard
type stratum per Mean Variance deviation
(Ny)  stratum (z:) (8:2) (s:i)
(ny)
Rubble and
gravel (m1).__. 50 10 10 3 1.73
Gravel and
sand (n2)..__.. 60 12 5 5 2.24
Gravel and
mud (n3)____.. 60 12 12 3 1.73
Sand (ne)__.._._ 30 6 2 1 1.00
Total (£).. 200 40 - -

Note that the standard deviation is simply the square
root of the stratum variance. This is the sample vari-
ance as given in equation 2 and should not be confused
with the standard error of the mean as given in equation
3. The standard deviation values will be used later in
calculating the optimum allocation.

Using the results tabulated above, the overall mean
of the stratified random sample (mean number of
Chironomidae) can be calculated from equation 10 as
follows:

S _a0) 0 12) 6)

k 40 40

=1

Ma—

T=

3

-,

(12) (12) | 6) @) _ .

ST 0

or, because these are discontinuous (discrete) variabl-
es, the mean would be eight Chironomidac per sam-
pling unit.

A simple random mean as given in equation 1 would
have been 29/4 or 7.25.
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The overall variance of this stratified sample mean
must consider the finite correction factor, because n;/
N;=0.2, or is greater than 0.1. Consequently, the
variance of the mean must be calculated as in equation
11 as follows:

NI
@O0
HE (B0
(6D

B Q)b

The standard error of the sample mean is calculated as
in equation 12 as follows:

EDED)

=+/0.066 =0.26.

Using the standard error of the mean, it is possible to
calculate an estimated confidence limit for the overall
mean of the stratified random sample as given in equa-
tion 4. The finite value of ¢, at the 95-percent pro-
bability level (P=0.05) is 1.96, which may be used.
Consequently, the approximate confidence limits
about the mean at the 95percent probability level be-
come

X(t)(s3)=7.9%£(1.96)(0.26)=7.9+0.51.

Thus, the mean number of Chironomidae in the riffle
would be expected to vary between 1,580+102, or
between 1,478 and 1,682 with a confidence of 95
percent; that is, 7.9X200, the mean times the total
number of sampling sites, 0.51 %200, the standard
error times the number of sampling sites. In practice,
the mean 7.9 would be rounded to the nearest integer,
or 8.

Although this simple method of proportional alloca-
tion of sampling units is useful, the best allocation of
the sampling units to be sampled among the various
strata is to chose n; proportional to Ns,, that is, pro-
portional to the standard deviation of the sample mul-
tiplied by the total number of sampling units in the

stratum under consideration. When this is done, the
total number of sampling units to be sampled in each
stratum is a function of the standard deviation (square
root of the variance) of the preliminary sample. Con-
sequently, the final allocation will be to collect more
samples from those strata with a high standard devia-
tion and fewer samples from those strata with a lower
standard deviation.

Optimum allocation can be determined by taking a
subsample, estimating the variance, and then applying
these results in determining the number of samples to
be collected within each stratum. For example, using
the results in the previous table, let the overall objec-
tive be td sample 80 sampling units in the four strata,
and let the previous 40 sampling units be the prelimi-
nary sample from which the variance and standard
deviation were determined. When this is done, the
optimum allocation of the 80 sampling units would be
as follows:

Standard Sampling
Sampling deviation Relative units to
Stratum units of each sample sample
habitat per stratum Nis; size per
type stratum sample Nisi ) stratum
(Ny) (8) TN ( N‘s. >(80)
Rubble and
gravel (n1)____ 50 1.73 86.5 0.24 19
Gravel and
sand (n2)...... 60 2.24 134.4 .38 30
Gravel and
mud (na)_..._. 60 1.73 103.8 .29 23
Sand (n4)__. ... 30 1100 30.0 .08 6

Total (Z).. 200 354.7

The estimated optimum allocation for the riffle
under consideration would be to sample 19 sampling
units (0.24x80) in the rubble and gravel stratum, 30
units (0.38%x80) in the gravel and sand stratum, 23
units (0.29 X 80) in the gravel and mud stratum, and six
units (0.08 X 80) in the sand stratum.

The preceeding examples are concerned with the

.sampling of stream or lake beds. The stratified-

random-sampling technique obviously has much wider
applicability in biological study design. For example,
phytoplankton (as well as other materials in suspension
or solution) may be sampled in rivers as a function of
discharge, using the stratified random sampling tech-
nique. The long-term average discharge of the river at
a given sampling site is plotted as a function of time
and the resulting hydrograph is then partitioned into
various strata based upon the discharge. The number of
samples to be collected at a given discharge is deter-
mined using the proportional or optimum allocation
schemes as described above.

Thermal and chemical stratification may occur in
lakes, reservoirs, or deep rivers, resulting in well-
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defined water layers or masses. The distribution of
organisms within the various strata may be quite dif-
ferent, making stratified random sampling the most
effective technique. In the case of summer thermal
stratification in a lake, the strata normally would be the
epilimnion, metalimnion and the hypolimnion. The
size of each stratum would be either the depth or
volume of the specific thermal zone. The number of
samples to collect, for example, of phytoplankton,
would be based upon proportional or optimum alloca-
tion, using depth or volume as strata boundaries.
When designing sampling programs, physiological
requirements of the organisms should be considered. It
would be useless for example, to sample for fish or
even most invertebrates in an anoxic layer of a lake.
The experimenter must always take these factors into
consideration in the design of sampling programs.

Cluster or two-stage sampling

When the sampling units fall into obvious groups or
clusters, the sampling scheme can be based upon cost
factors. The first requirement is that the primary units
(ny) be selected. These may be, for example, the num-
bers of riffles in a particular stream section. The sec-
ond requirement is to select the number of secondary or
subunits (nz) within each primary unit. After the
number of n;, or primary groups, have been chosen,
the n,, or secondary groups, are randomly selected and
the samples collected.

The objectives of cluster sampling are to determine
how many samples are needed to reduce the sample
variance without exceeding a given cost (Snedecor and
Cochran, 1967, p. 528-534). For example, it may be
found that the establishment of more sampling sta-
tions, with the subsequent collection of fewer samples
per station, will provide a lower variance, at less cost,
than a reduction in stations with an increase in the
number of samples per station. Needed is an estimate
of the costs (c; and c;) for the primary (n,) and sec-
ondary (n,) units. For example, ¢, might be the cost
incurred in order to visit a site, and c, might be the cost
for collecting and processing the sample once the ob-
server is at the site.

The estimated mean (¥) of a cluster sample is:

e (13)

where xj; is the value of the variable recorded or meas-
ured at the jth secondary unit of the ith primary unit.

- The term n, refers to the number of primary units

sampled (for example riffles in a stream section) and
the term n, to the number of secondary units sampled
(for example sampling units sampled in each riffle).

Before calculating the overall variance of the mean,
it is necessary to calculate the within-sample variance
(s2?) and the between-sample variance (s,%) from the
preliminary samples. The within-sample variance is
calculated as follows:

n1 ng

N —n, C14)

This is the same as equation 2, except that the xy
refers to all the variables (x’s) in all the samples col-
lected in all the primary (n,) units. The term x; is the
mean as calculated in equation 1 under simple random
sampling and is the mean for all samples taken at the ith
primary unit, for example within a given riffle. The
term N is the total number of samples collected at all n,
plus n, sites.

The second expression for equation 14 is easier to

use. The term 2 Z‘i x; is the sum of the squares
i=1j=1 '
of all the individual observations from all the primary

ni ng 2 ni
or n; groups. The term Z Z xij) Z M2 is the
i=1 \j=1 i=1

square of the sums of all the secondary (n;) groups,
divided by the number of sampling units sampled in
each secondary group. Note that the equation is di-
vided by N —n, degrees of freedom. For example, if 30
is the total number of sampling units sampled in a
group of three primary units, the degrees of freedom
(N—n,) would be 30—3=27.

The between-sample variance (s,?) is calculated as
follows:

LE (:z’:i—-x)
$2= A
1=1 ’n'l—1
n / ne 2 n ng
Z( xii) 2 (@)
i=1 \j=1 _i=1j=1
ni nr n
Z No n
— 1=1 1=1j=1
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where X; is the mean among samples in a given area,
and X is the mean of all samples from all areas. The

n1 N2 2
term Z (Z x,,-) is, as before, from the second
i=1 \j=1
expression for equation 14, whereas the term
n1 ne

>~ > (x;)? isthe square of the sum of all observations
i=1j=1

from all sampling units. Note that equation 15 is the
variance between sampling units. These two equations
provide estimates of the within-site variance (that is,
the variance between samples within a given site) and

the between-site variance (that is, the variance between -

samples collected at different sites).

According to Snedecor and Cochran (1967, p. 280
and 529) it is necessary to calculate the component of
variance for the between-site variance. This estimated
component of the between-site variance is calculated
as

8 = ——— (16)

where s,2 and s,? are, as before, the between- and
within-sample variances. The term n, is the number of
secondary units taken per primary (n,) units if the

number of primary units are equal (Snedecor and Coc-

hran, 1967, p. 281 and 530).

With these two variances (8,2 and s,2) calculated, the
variance of the mean (sy®) of a cluster or two-stage
sample is calculated as

82

852 = n + n (17)
Z ny Z Mo
3 i=1

where n, and n, are, as before, the number of primary
and secondary units, respectively.

If the total cost (C) of sampling the primary and
secondary units is

C=cny+conng (18)

where ¢, and c; are the cost of sampling n, and n,,
respectively, then the best allocation, as estimated
from a preliminary sample, is to choose the number of
secondary units to sample in each primary unit as

JOE)
Ny = —N=) :
Co 812 (19)

From equation 18 the number of primary units to be
sampled can be calculated as

C

—— . 20
C1+MCe ( )

n

Note the similarity between the cluster or two-stage
sampling scheme and the optimum allocation method
given under stratified random sampling. Both methods
are based upon the variance or standard deviation from
preliminary samples. Consequently, rather than being
subjective, the number of samples to collect is based
upon a sampling statistic.

The following examples illustrate the use and calcu-
lation of cluster or two-stage sampling.

Example 3. Calculations involving cluster
or two-stage sampling

Consider a stream section having a series of pools.
The bottom sediment in each pool is similar, consisting
of sand mixed with clay and organic debris. As a
preliminary effort, four pools were selected for sam-
pling. In each pool , three Ekman dredge samples were
collected. (See Part 2, ‘‘Benthic Invertebrates.’’)
From these preliminary samples the wet weights of
chironomid (midge) larvae per Ekman dredge haul
were determined. An analysis of the preliminary sam-
ples revealed a cost ratio of n; to n, of 30; that is,
C1= 30(,'2.

The data for the four pools were arranged as follows'
in which x is the chironomid weight (in milligrams)
from each Ekman dredge haul:

Pool 1 Pool 2 Pool 3 Pool 4

Dredge sample

T x? T x? x x? T z2?

) S 3 9 1 1 2 4 4 16
2 . 4 16 1 1 1 1 2 4
R 52 2 4 3 9 3 9
Total______. 12 50 4 6 6 14 9 29

From these values, the overall mean can be calcu-
lated from equation 13 as follows:

ni ne
Z ZTsj
- t=1j=1
i = J

_ _ 124+446+9

12

= 2.58.
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The next step is to compute the within-sample vari-
ance (s;%) as given in equation 14:

ni ne 2
v 2(Ew)

i=1 \j=

Tt — 1
ic1i=1 3 s
2 1=1
82 N—m
122 4 62 9
8
99—-92.3

=—% = 0.84.

The first calculation for the between-sample vari-
ance (s,%) is made as in equation 15:

,i (i x,-,-\)2 _ i i (x:)?

i=1 \j=1 i=1j=1
an n
2 — i=1 t1=1j=1
81 n1—1
2
92.3 — @1
R L R
T 4-1 o

Note that the value 92.3 is part of the within-sample
variance calculation. The value 31 is simply the sum of
all the variables (x).

Before computing the number of n, and n, units to be
sampled, it is necessary to calculate an estimate of the
component of the between-site variance (§,%) using
equation 16. Thus

4o _Simsd _T9-084
r= No - 3

= 2.35.

As aresult, the variance components are §,2=2.35 and
522=0.84.
From these two variance values, the overall variance
of the mean (eq 17) is calculated:
ot = 8,2 n s 2.35 n 0.84
” at T4 12

n
Suo Sm
Variance cost ratios can now be established to calcu-

late the number of sampling units to sample in each
pool (n;) from equation 19 as follows:

= J@ ) -3 6s) o

= 0.66.

Thus, it is determined that three Ekman dredge hauls
should be collected from each pool. The next step is to
determine how many pools or n; units to sample.

A ¢,/c, ratio of 30 means it costs 30 times as much to
sample an entire pool as to collect a single sample. The
total cost of the sampling can be computed as in equa-
tion 18 as follows:

C=cn,+conna=(30c;)(4)+(c2)(12)=132c,.
Therefore,
132¢,=n,(30cz)+n,(3cz)=n,(33cz).
Finally, from equation 20,

n,= C-1-+nzc-2 = g = 40

On the basis of the preliminary sample information,
the minimum variance would be obtained by collecting
three Ekman dredge samples in four pools if the present
level of effort is to be maintained (or not exceeded) and
all n, are equal.

Systematic sampling

Systematic sampling was discussed, in a general
way, in the section ‘‘Biological Surveys and
Simplified Sampling Methods.’’ At this point it is
appropriate to discuss the advantages and disadvan-
tages of the method in relation to the previously de-
scribed statistical sampling methods. If the objectives

of a study are only to determine the numbers or types of

organisms in relation to time or space, systematic
sampling may be useful. One technique of systematic
sampling is to select randomly the position or time of
collection of the first sample and to collect the others at
some predetermined space or time interval. Figure 2
illustrates how sample sites may be spaced for system-
atic sampling. The first site to be sampled is randomly
chosen from a set of random numbers and the other
sites are selected at equal distance or time intervals
from it. From Snedecor and Cochran (1967, p. 519-
520) and Elliott (1971, p. 134) the advantages of
systematic sampling are:

1. It is easy to draw a sample, since only one random
number is required.

2. The units in the sample are distributed evenly
throughout the population.

The disadvantages are:

1. The sample may be biased when the interval be-
tween units in the sample coincides with a
periodic variation in the population.




COLLECTION, ANALYSIS OF AQUATIC BIOLOGICAL AND MICROBIOLOGICAL SAMPLES 19

2. There is no reliable method for estimating the
standard error of the mean.

From a statistical standpoint, the disadvantages are
far too serious to recommend systematic sampling for
use in intensive studies of the distribution and abun-
dance of organisms in nature. The fact that the sample
may be biased is in itself a serious limitation.
Moreover, without some knowledge of the sample
standard error of the mean, it is impossible to make
quantitative statements about the data collected. The
method is not recommended if the data are to receive
statistical treatment.
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Part 2. Description of Methods

BACTERIA

Bacteria can be collected, observed, and counted
directly, using the highest resolution of the light mi-
croscope. These methods are difficult and are seldom
used except in research. Of far greater applicability are
methods whereby the bacteria in a measured volume of
water are placed in contact with material on which they
can grow. After a suitable time, each bacterium in the
sample will multiply into an easily visible colony. The
number of colonies is extrapolated to the number of
bacteria in the original sample. The first procedure in
the following section provides an approximation of the
total bacterial population. Because all culture methods
are selective, a total count of the bacteria in a habitat is
impossible using this technique. However, uniform
methods permit comparison of results by different in-
vestigators. The remaining methods given are de-
signed to be selective for specific groups of bacteria.

The membrane filter (MF) technique has attained
widespread application in microbiology principally
because it is simple and quick to perform and is statisti-
cally more reliable than the multiple tube (MPN) de-
termination. A brief discussion of the merits and
limitations of the MF technique are appropriate at this
time, because precision and accuracy are dependent to
a great extent on careful attention to procedural details.

Membrane filters used in microbiology are inert
plastic films about 125 um (micrometers) thick. The
membranes are available in a variety of chemical
types, each designed for a particular application. It is
imperative that the analyst select a type intended for
bacterial application. Whatever the type, the mem-
brane is about 80 percent void with pores of uniform
size. Pore sizes of 0.45 or 0.7 um (American Public
Health Assoc. and others, 1976; Green and others,
1975; Sladek and others, 1975) are the most common
size used in microbiology because the type of bacteria
most often enumerated are larger than 0.5 um. Mem-
branes with pore size less than 0.45 wm are available
but are less commonly used in microbiology because

of their susceptibility to clogging. Filters are manufac-
tured in many sizes from about 13 mm to 293 mm in
diameter but only the 47-mm diameter size is com-
monly used in microbiology.

Bacterial analysis begins with sample collection and
media and equipment preparation all of which are
discussed with each specific method. At some point in
each method, however, a sample aliquot is passed
through a filter. Membrane filters have a high flow rate
initially due to the large void volume, but the filter will
clog very quickly if the sample is significantly turbid.
For this and other reasons, the MF method cannot be
used for turbid waters. Even with relatively clear wat-
ers sample filtration generally is limited to about 100—
250 ml per filter. If it is necessary to filter a larger
volume of sample, as with the isolation of Salmonella,
it is permissible to divide a sample volume between
several filters.

After filtration, the bacteria may be arrayed singly,
paired, or in chains on the surface of the membrane.
They cannot be seen without magnification, therefore
the filters must be incubated for a time sufficient for the
individual cells to grow into visible colonies. After
filtration, the filter is aseptically placed in a petri dish
containing either solid (agar) or liquid (broth) medium.
Incubation is allowed to proceed for 24 or 48 hours at
35°C for total coliform and fecal streptococci bacteria
or 44.5°C for fecal coliforms. It is very important that
the temperature be held within the limits established
for each method. Recent work (Green and others,
1975) indicates that many more cells are retained on
the surface of the membrane than actually grow. Be-
cause optimum cell growth depends on an adequate
nutrient supply, solid (agar) media have been found to
yield higher colony counts than broth grown cultures.
This is due to the larger volume (6.5 ml vs 1.8 ml) of
medium used in the agar technique. During incubation
there is a tendency for the petri dishes to lose moisture
and dry. This is particularly true of dry (air) incubators
at 44.5°C. The result of drying serves to inhibit bacte-
rial growth, thus underestimating the true population.

21
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To prevent this from occurring the petri dishes should
be checked for proper sealing before incubation.
Cracked dishes should be discarded.

When the individual cells have grown to visible
colonial size (24 or 48 hr incubation), the colonies
must be counted. The counting procedure is based on
enumerating all colonies of a specific color regardless
- of size or shape. Each bacterial method has different
colony identification criteria. After a count has been

made, the result is calculated and reported in terms of
number of colonies per 100 ml of sample.

Unopened containers of nutrient media should not
be stored for more than 1 year. The shelf life of opened
containers of media is highly variable; to extend the
shelf life of opened containers, the media should be
stored in a dessicator. The useful shelf life of mem-
brane filters is 1 year (American Public Health Assoc.
and others, 1976).




Standard plate count

(membrane filter method)
(B-0001-77)

Parameter and code: Total plate
count, TPC medium, 35°C,
24 hours (colonies/ml) 31751

1. Application

The standard plate count is an empirical method for
estimating the aerobic, heterotrophic bacterial popula-
tion in a water sample. Because the nutrient and envi-
ronmental requirements of certain bacteria are unique,
the colony counts derived by this method generally
underestimate the natural population. Anaerobic bac-
teria and many species of autotrophic bacteria will not
grow on the specified medium, and, for these, other
methods must be used. The test described herein may
also be performed by the agar plate method (American
Public Health Association and others, 1976, p. 908-
913).

The method is applicable for all waters with a
dissolved-solids content of less than 20,000 mg/I (mil-
ligrams per liter).

2. Summary of method

The sample is filtered in the field immediately after
collection, and the filter is placed on tryptone glucose
extract (TPC) agar or broth medium. The colonies are
counted after appropriate incubation. A staining pro-
cedure is used to enhance the contrast between the
bacterial colonies and the filter.

3. Interferences

Suspended materials may not permit the filtration of
sample volumes sufficient to produce significant re-
sults. Water samples with a high suspended-solids
content may be split between two or more membrane
filters.

Some species of bacteria exhibit a spreading type of
growth, and a single colony may cover the entire
surface of the filter, obscuring other colonies.

4. Apparatus

All materials used in bacteriological testing must be
free of agents which inhibit bacterial growth.

The following apparatus list assumes the use of a
field kit for bacteriological water tests such as the
Portable Water Laboratory, Millipore (XX63 001 50),
or equivalent. If other means of sample filtration are
used, refer to the manufacturer’s instructions for
proper operation of the equipment. Items marked with
an asterisk (*) in the list below are included in the
Portable Water Laboratory (fig. 3). ~

4.1 Water-sampling bottle. Samplers for obtaining
water samples under sterile conditions are marketed by
General Oceanics, Inc., Hydro Products, Kahl Scien-
tific Instrument Corp., and others. A metallic water
sampler, lowered at a speed of 1 m/s (meter per sec-
ond), may be effective for sterile collection of water
samples (Kriss and others, 1966). Metallic water-
sampling bottles are available from Wildlife Supply
Co. (1050 or 1200); Kahl Scientific Instrument Corp.
(130WA100); InterOcean Systems, Inc. (206); Foerst
Mechanical Specialties Co. (Improved Water Sam-
pler, Kemmerer-type); or equivalent.

4.2 Filter-holder assembly. Millipore (XX53 001
20%*), or equivalent, and syringe and two-way valve,
Millipore (XX62 000 35*), or equivalent.

4.3 Membrane filters, white, grid, sterile packed,
0.45-um (micrometer) pore size, 47-mm (millimeter)
diameter, Millipore (HAWG 047 SO), or Gelman
(63068), or equivalent; absorbent pads, Millipore
(APIO 047 SO), or equivalent.

4.4 Plastic petri dishes with covers, disposable,
sterile, 50X 12 mm, Millipore (PD10 047 00/), or
equivalent.
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Figure 3.—Portable water laboratory. (Photograph, courtesy of Millipore Corp., Bedford, Mass.)
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4.5 Forceps, stainless steel, smooth tip, Millipore
(XX62 000 061), or equivalent.

4.6 Incubator for operation at a temperature of 35
%+0.5°C. A portable incubator as provided in the Porta-
ble Water Laboratory, Millipore (XX63 000 00/ or
XX63 004 00), or equivalent, which operate on either
110 volts a.c. or 12 volts d.c., is convenient for field
use. A larger incubator with a more precise tempera-
ture regulation, National Appliance (320), or equiva-
lent, is satisfactory for laboratory use.

4.7 Microscope, binocular wide-field dissec-
tingtype, Bausch & Lomb (31-26-29-73), or equiva-
lent, with fluorescent lamp, Bausch & Lomb (31-33—
63) or equivalent.

4.8 Sterilizer, steam autoclave, Curtin Matheson
Scientific (209-536) or Market Forge Sterilmatic, or
equivalent.

4.9 Bottles, milk dilution, APHA (American Public
Health Assoc.), Pyrex or Kimax with screwcaps.

4.10 Pipets, 1.0-ml capacity, presterilized, dispos-
able, glass or plastic with cotton plugs, Millipore
(XX63 001 35*), or equivalent, or sterile, disposable,
1.0-ml (milliliter) hypodermic syringes.

4.11 Pipets, 11.0-ml capacity, Comning (7057), or
equivalent. Wrap the pipets in kraft paper and sterilize
in the autoclave, or place in a pipet box, Curtin Mathe-
son Scientific, or equivalent, and heat in an oven at
170°C for 2 hours. Presterile, disposable, 10.0-ml
pipets may be used.

4.12 Propipet for use with 1.0-, 10.0-, and 11.0-ml
pipets.

4.13 Thermometer, with range of at least 40°
~100°C, Brooklyn Thermometer Co. (6410Y) or
equivalent.

5. Reagents

5.1 Tryptone glucose extract broth.—Prepare
medium according to manufacturer’s instructions,
using Difco Bacto M-Plate Count Broth (0751) or BBL
M-Standard Methods Broth (11369), or equivalent. If
agar is desired, add 1.5 percent Difco Bacto agar
(0140), or equivalent, to the broth,

5.2 Buffered dilution water: Dissolve 34.0 g (grams)
potassium dihydrogen phosphate (KH.PO,) in 500 ml
distilled water. Adjust to pH 7.2 with 1 N sodium
hydroxide (NaOH). Dilute to 1 liter with distilled wa-
ter. Sterilize in dilution bottles for 20 minutes at 121°C
at 1.05 kg per cm? or 15 psi (pounds per square inch).
After opening a bottle of stock solution, refrigerate the
unused part. Discard contaminated solutions, indi-
cated by slight turbidity or precipitate accumulation.
Add 1.2 ml of this stock phosphate buffer solution to 1

liter of distilled water containing 0.1 percent Difco
peptone (0118), or equivalent. Dispense in milk dilu-
tion bottles in amounts that will provide 99 ml+2.0
after autoclaving at 121°C at 1.05 kg per cm? (15 psi)
for 20-30 minutes. Loosen caps or stoppers prior to
sterilizing and tighten when bottles have cooled.

5.3 Ethyl alcohol: 95 percent denatured or absolute
ethyl alcohol for sterilizing equipment. Absolute
methanol may be used for this purpose.

5.4 Methyl alcohol: Absolute, for sterilizing filter
holder assembly.

5.5 Methylene blue staining solution: Add 3.0 g
methylene blue dye to 300 ml of 95 percent ethyl
alcohol. Dissolve 0.1 g of potassium hydroxide (KOH)
in 1,000 ml of distilled water. Add to the alcoholic
methylene blue solution and mix well.

6. Collection

Samples for bacteriologic examination must be col-
lected in bottles that have been carefully cleansed and
autoclaved for 20 minutes at 121°C at 1.05 kg per cm?
(15psi). Sterilized milk dilution bottles are ideal sam-
ple containers. When the sample is collected, ample air
space must be left in the bottle to facilitate mixing of
the sample by shaking. Care must be taken to avoid
contamination of the sample and sample bottle at the
time of collection and in the period prior to analysis.

To insure maximum correlation of results, the sam-
ple sites and methods used for bacteria should corre-
spond as closely as possible to those selected for chem-
ical and plankton sampling. However, sampling for
bacteria at various depths is complicated by the re-
quirement to avoid possible contamination of the
deeper water layers by bacteria carried from shallower
depths on the inner walls of the sampler.

The sample collection method will be determined by
the study objectives. In lakes, reservoirs, deep rivers,
and estuaries, bacterial abundance may vary trans-
versely, with depth and with time of day. To collect a
surface sample from a stream or lake, open a sterile
milk dilution bottle, grasp it near its base, and plunge
it, neck downward, below the water surface. Allow the
bottle to fill by slowly turning the bottle until the neck
points slightly upward. The mouth of the bottle must
be directed into the current. If there is no current, as in
the case of a lake, a current should be artificially
created by pushing the bottle horizontally forward in a
direction away from the hand (American Public Health
Association and others, 1976, p. 905).

To collect a sample representative of the bacterial
concentration at a particular depth, use one of the
water-sampling bottles discussed in 4.1 above. For



26 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS

small streams, a point sample at a single transverse
position located at the centroid of flow may be ade-
quate (Goerlitz and Brown, 1972).

As soon as possible after collection, preferably
within 1 hour and not more than 6 hours, filter the
sample and place the membrane filter on growth
medium as described in 7.5-7.10 below. Samples
must be kept cool during the time between collection
and filtration. If filtration is delayed, chill or refriger-
ate the sample, but do not freeze.

The size of the sample to be filtered depends on the
expected bacterial density of the water being tested.
When there are no existing data on the bacterial density
of a given sample, the quantities must be determined
by trial. The following guidelines may be helpful for
unknown waters: Ground waters: 10- and 50-ml sam-
ples. Unpolluted surface waters: 0.001-, 0.01-, 0.1-,
and 1.0-ml samples.

7. Analysis

7.1 Place a sterile absorbent pad in the bottom
(larger half) of each sterile plastic petri dish using
flame sterilized forceps.’

Note: Dip forceps in ethyl or methyl alcohol, pass
through flame to ignite alcohol, and allow to burn out.
Do not hold forceps in flame.

7.2 Saturate each pad with about 2 m! of tryptone
glucose extract broth and tip the petri dish to expel
excess liquid. If agar is used, pour liquid medium at
45°-50°C into the bottom dish to a depth of about 4 mm
(6-7 ml). Pads are not used. Replace petri dish tops
and allow agar to solidify.

7.3 Sterilize filter apparatus. In the laboratory the
funnel and filter base may be wrapped separately in
kraft paper packages and sterilized in the autoclave for
15 minutes at 121°C at 1.05 kg per cm? (15 psi). Cool
to room temperature before use.

Field sterilization of filter apparatus should be in
accordance with the manufacturer’s instructions. Au-
toclave sterilization in the laboratory prior to the field
trip is preferred. ’

7.4 Assemble filtration equipment and, using
sterilized forceps, place a sterile membrane filter over
the porous plate of the apparatus, grid side up. Place
funnel on filter with care to avoid tearing or creasing
the membrane.

7.5 If the volume of sample to be filtered is 10 ml or
more, transfer the measured sample directly onto the
dry membrane.

If the volume of sample is between 1.0 and 10 ml,
pour about 20 ml! of sterilized buffered dilution water

into the funnel before transferring the measured sam-
ple onto the membrane. This facilitates distribution of
organisms.

If the volume of original water sample is less than
1.0 ml, proceed as above after preparing appropriate
dilutions by adding the sample to a sterile milk dilution
bottle in the following amounts:

Dilution Volume of sample added Filter this volume

to 99 ml dilution bottle

of 1:10 dilution.
of 1:1

1:1 1.0 ml

1:100_______ 1.0 ml original sample_._. 1.0 ml :100 dilution.
1:1,000_..._. 1.0 ml of 1:10 dilution___. 1.0 m] of 1:1,000 dilution.
1:10,000_____ 1.0 ml of 1:100 dilution_. . 1.0 ml of 1:10,000 dilution.

Note: Use a sterile pipet or hypodermic syringe for
each bottle. After each transfer between bottles, close
and shake the bottle vigorously at least 25 times. Di-
luted samples should be filtered within 20 minutes
after preparation.

7.6 Apply vacuum and filter the sample. When
vacuum is applied with a syringe fitted with a two-way
valve, proceed as follows: Attach the filter assembly to
the inlet of the two-way valve with plastic tubing.
Draw the syringe plunger very slowly on the initial
stroke to avoid the danger of airlock before the filter
assembly fills with water. Push the plunger forward to
expel air from the syringe. Continue until the entire
sample has been filtered. If the filter balloons or devel-
ops bubbles during sample filtration, disassemble the
two-way valve and lubricate the rubber valve plugs
lightly with stopcock grease.

7.7 Rinse sides of funnel twice with 20-30 ml of
sterile buffered dilution water while applying vacuum.

7.8 Release vacuum and remove funnel from recep-
tacle and place upside down on a clean surface.

7.9 With flame-sterilized forceps remove the mem-
brane filter from the filter base and place it on the
broth-soaked absorbent pad in the plastic petri dish,
grid side up, using a rolling action at one edge. Use
care to avoid trapping air bubbles under the membrane.

7.10 Place top on petri dish and proceed with filtra-
tion of the next volume of water. Filter in order of
increasing sample volume, rinsing with sterile buf-
fered dilution water between filtrations.

7.11 Clearly mark the lid of each plastic dish indicat-
ing location, time of collection, time of incubation,
sample number, and sample volume. Use a waterproof
felttip marker or grease pencil.

7.12 Inspect each membrane in the petri dish for
uniform contact with the saturated nutrient pad. If air
bubbles are present under the filter (indicated by
bulges), remove the filter with sterile forceps and roll

_ onto the absorbent pad again.
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7.13 Seal the plastic petri dish by firmly pressing
down on the top.

7.14 Incubate the filters in the tightly closed petri
dishes in an inverted position (pad and filter at the top)
for 24 =2 hours at 35°+0.5°C.

7.15 After incubation, saturate a fresh absorbent pad
with 1.8 ml of methylene blue staining solution.

7.16 Transfer incubated filter with developed col-
onies to the newly saturated pad and wait for 15 min-
utes.

7.17 Enumerate colonies that ar¢ dark blue against a
lighter colored background. The counts are best made
with the aid of X 10 to X 15 magnification. Illumina-
tion is not critical.

7.18 Autoclave all cultures at 121°C for 15 minutes
at 1.05 kg per cm? (15 psi) before discarding.

8. Calculations
Colonies/ml of water
number of colonies counted

vol. of original sample filtered (ml) -

9. Report

The number of colonies per milliliter should be
reported to two significant figures and designated as
‘‘standard plate count at 35°C”’.

If the number of colonies on the highest dilution

filter exceeds 150, report the result as greater than 150
times the dilution factor. If no filters contain colonies,
report the result as less than 1 per the volume of the
largest sample filtered.

10. Precision
No numerical precision data are available.
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Total coliform bacteria

(membrane filter method)
Immediate incubation test
(B-0025-77)

Parameter and code: Coliform
membrape filter, immediate M-endo
medium (colonies100 ml) 31501

1. Application

The standard test for presence of members of the
coliform group may be carried out by the following
membrane filter technique or by the multiple-tube fer-
mentation technique described in ‘‘Presumptive
Test,”” ‘‘Presumptive Field Test,”’ ‘‘Confirmation
Test,”” or in American Public Health Association and
others (1976, p. 916-918).

The coliform group is defined as the aerobic and
facultative anaerobic, gram-negative, nonspore form-
ing, rod-shaped bacteria which ferment lactose with
gas formation within 48 hours at 35°C. For the pur-
poses of the methods described below, the coliform
group is defined as all the organisms which produce
colonies with a golden-green metallic sheen within 24
hours when incubated at 35°C on M-Endo medium.

The method is applicable to fresh and to saline
waters.

2. Summary of method

The sample is filtered in the field immediately after
collection, and the filter is placed on a nutrient medium
designed to promote the growth of members of the
coliform group and to suppress the growth of most
noncoliform colonies. After incubating at 35°C for an
appropriate time, the colonies are counted.

3. Interferences

Suspended materials may not permit testing of sam-
ple volumes sufficient to produce significant results.
Coliform colony formation on the filter may be inhi-
bited by high numbers of noncoliform colonies, by the
presence of algal filaments and detritus, or by toxic
substances.

Water samples with a high suspended-solids content
may be divided between two or more membrane fil-
ters. The multiple-tube method will give the most
reliable results under conditions of high suspended-
solids content when coliform counts are low.

4. Apparatus

All materials used in bacteriological testing must be
free of agents which inhibit bacterial growth.

The following apparatus list assumes the use of a
field kit for bacteriological water tests such as the
Portable Water Laboratory, Millipore (XX63 001 50),
or equivalent. If other means of sample filtration are
used, refer to the manufacturer’s instructions for
proper operation of the equipment. Items marked with
an asterisk (*) in the list below are included in the
Portable Water Laboratory (fig. 3).

4.1 Water-sampling bottle. Samplers for obtaining
water samples under sterile conditions are marketed by
General Oceanics, Inc., Hydro Products, Kahl Scien-
tific Instrument Corp., and others. A metallic water
sampler, lowered at a speed of 1 m/s, may be effective
for sterile collection of water samples (Kriss and
others, 1966). Metallic water-sampling bottles are
available from Wildlife Supply Co. (1050 or 1200);
Kahl Scientific Instrument Corp. (130WA100); In-
terOcean Systems, Inc. (206); Foerst Mechanical Spe-
cialties Co. (Improved Water Sampler, Kemmerer-
type); or equivalent. '

4.2 Filter-holder assembly, Millipore (XX63 001
20*) or equivalent, and syringe and two-way valve,
Millipore (XX62 000 35*) or equivalent.

4.3 Membrane filters, white, grid, sterile packed,
0.45- or 0.7-um mean pore size, 47-mm diameter,

29
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Millipore (HAWG 047 SO or HCWG 047 S1), or
equivalent; absorbent pads, Millipore (APIO 047 SO)
or equivalent.

4.4 Plastic petri dishes with covers, disposable,
sterile, 50X 12 mm, Millipore (PD10 047 00*) or
equivalent.

4.5 Forceps, stainless steel, smooth tips, Millipore
(XX62 000 06*) or equivalent.

4.6 Incubator for operation at a temperature of
35+0.5°C. A portable incubator as provided in the
Portable Water Laboratory, Millipore (XX63 000 00*
or XX63 004 00), or equivalent, which operates on
either 110 volts a.c. or 12 volts d.c., is convenient for
field use. A larger incubator with a more precise tem-
perature regulation, National Appliance (320), or
equivalent, is satisfactory for laboratory use.

4.7 Microscope, binocular wide-field dissecting-
type, Bausch & Lomb (31-26-29-73) or equivalent,
with fluorescent lamp, Bausch & Lomb (31-33-63) or
equivalent.

4.8 Sterilizer, steam autoclave, Curtin Matheson
Scientific (209-536) or Market Forge Sterilmatic or
equivalent.

4.9 Bottles, milk dilution, APHA, Pyrex or Kimax
with screwcaps.

4.10 Pipets, 1.0 ml capacity, presterilized, disposa-
ble, glass or plastic with cotton plugs, Millipore
(XX63 001 35*) or equivalent, or sterile, disposable,
1.0-ml hypodermic syringes.

4.11 Pipets, 11.0-ml capacity, Corning (7057), or
equivalent. Wrap the pipets in kraft paper and sterilize
in the autoclave, or place in a pipet box, Curtin Mathe-
son Scientific or equivalent, and heat in an oven at
170°C for 2 hours. Presterile, disposable 10.0-ml
pipets may be used.

4.12 Propipet for use with 1.0-, 10.0-, and 11.0-ml
pipets.

4.13 Thermometer, with range of at least 40°
-100°C, Brooklyn Thermometer Co. (6410Y) or
equivalent.

5. Reagents

5.1 M-Endo broth: Add 4.8 g of M-Endo broth MF,
Difco (0749), or equivalent, to 100 ml of 2 percent
nondenatured ethyl alcohol in a beaker and-stir for 3
minutes. Place the beaker on a hotplate and heat to
boiling, stirring constantly. When the medium reaches
the boiling point, promptly remove from heat and cool
to below 45°C. Do not sterilize by autoclaving. Store
the finished medium in the dark at 2°-10°C for a
maximum period of 4-5 days.

5.2 M-Endo agar: Add 4.8 g of M-Endo broth MF,

Difco (0749), or equivalent, to 100 ml of 2 percent
nondenatured ethyl alcohol, then add 1.5 g agar, Difco
(0140), or equivalent. Stir well and place the beaker
containing the medium on a hot plate and heat to 96°C,
stirring constantly. Do not autoclave or boil. When the
temperature reaches 96°C promptly remove from heat
and cool to 45°-50°C. Pour to a depth of 4 mm (6-7 ml)
in 50-mm petri dish bottoms. When the medium so-
lidifies, store the prepared petri dishes at 2°~10°C for a
maximum period of 4-5 days.

5.3 Buffered dilution water: Dissolve 34.0 g potas-
sium dihydrogen phosphate (KH,PO,) in 500 ml distil-
led water. Adjust to pH 7.2 with 1 N sodium hydroxide
(NaOH). Dilute to 1 liter with distilled water. Sterilize
in dilution bottles for 20 minutes at 121°C at 1.05 kg
per cm? (15 psi). After opening a bottle of stock solu-
tion, refrigerate the unused part. Discard contaminated
solutions, indicated by slight turbidity or precipitate
accumulation.

Add 1.2 ml of this stock phosphate buffer solution to
1 liter of distilled water containing 0.1 percent Difco
peptone (0118), or equivalent. Dispense in milk dilu-
tion bottles in amounts that will provide 99 ml+2.0
after autoclaving at 121°C at 1.05 kg per cm? (15 psi)
for 20-30 minutes. Loosen caps or stoppers prior to
sterilizing, and tighten when bottles have cooled.

5.4 Ethyl alcohol: 95 percent denatured or absolute
ethyl alcohol for sterilizing equipment. Absolute
methanol may be used for sterilization.

5.5 Methyl alcohol: Absolute, for sterilizing filter
holder assembly.

6. Collection

Samples for bacteriologic examination must be col-
lected in bottles that have been carefully cleansed and
autoclaved for 20 minutes at 121°C at 1.05 kg per cm?
(15 psi). Sterilized milk dilution bottles are ideal sam-
ple containers. When the sample is collected, ample air
space must be left in the bottle to facilitate mixing of
the sample by shaking. Care must be taken to avoid
contamination of the sample and sample bottle at the
time of collection and in the period prior to analysis.

To insure maximum correlation of results, the sam-
ple sites and methods used for bacteria should corre-
spond as closely as possible to those selected for chem-
ical and plankton sampling. However, sampling for
bacteria at depth is complicated by the necessity to
avoid contamination of the deeper water layers by
bacteria carried from shallower depths on the inner
walls of the sampler.

The sample collection method will be determined by
the study objectives. In lakes, reservoirs, deep rivers,
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and estuaries, bacterial abundance may vary trans-
versely, with depth, and with time of day. To collecta
surface sample from a stream or lake, open a sterile
milk dilution bottle, grasp it near its base, and plunge it
neck downward, below the water surface. Allow the
bottle to fill by slowly turning the bottle until the neck
points slightly upward. The mouth of the bottle must
be directed into the current. If there is no current, as in
the case of a lake, a current should be artificially
created by pushing the bottle horizontally forward in a
direction away from the hand (American Public Health
Association and others, 1976).

To collect a sample representative of the bacterial
concentration at a particular depth, use one of the
water-sampling bottles discussed in 4.1 above. For
small streams, a point sample at a single transverse
position located at the centroid of flow may be ade-
quate (Goerlitz and Brown, 1972).

As soon as possible after collection, preferably
within 1 hour and not more than 6 hours, filter the
sample and place the membrane filter on growth
medium as described in 7.5-7.10 below. Samples
must be kept cool during the time between collection
and filtration. If filtration is delayed, chill or refriger-
ate the sample, but do not freeze-:

The volumes of sample to be filtered should be such
that, after incubation, one of the membrane filters will
contain from 20 to 80 coliform colonies and not more
than 200 of all types (total coliform plus noncoliform
colonies). It is extremely important that the limitation
on total colonies be observed, otherwise the medium
used in the method may not be capable of supporting
development of the characteristic metallic sheen. If the
upper limit of 80 coliform colonies per membrane filter
is exceeded, interferences from crowding, deposits of
extraneous material, and other factors will give ques-
tionable results.

The lower limit of 20 coliform colonies per mem-
brane filter is arbitrarily set as a number below which
statistical validity becomes questionable. However,
the bacterial population in some samples is such that
even with 200 or fewer total colonies (coliform plus
noncoliform) per 100 ml of sample, fewer than 20
coliform colonies will be present on the filter mem-
brane.

The following sample volumes are suggested for
filtration:

1. Unpolluted raw surface water: 0.1-,0.4-,1.6-,6.4-,
25.6-, and 100.0-ml samples will cover arange
of 20 to 80,000 coliforms per 100 ml using the

criterion of 20 to 80 coliform colonies on a
filter for an ideal determination.

2. Polluted raw surface water: 0.002-, 0.006-, 0.025-,
0.1-, 4.0-, and 1.6-ml samples will cover a
range of 1,200 to 4,000,000 coliform colonies
per 100 ml.

7. Analysis

7.1 If M-Endo agar is to be used, use plates prepared
in 5.2 and proceed to 7.3. If M-Endo broth is to be
used, proceed as follows. Place a sterile absorbent pad
in the bottom (larger half) of each sterile plastic petri
dish using flame sterilized forceps.

Note: Dip forceps in ethyl alcohol, pass through
flame to ignite alcohol, and allow to burn out. Do not
hold forceps in flame.

7.2 Saturate each pad with about 2 ml of M-Endo
broth and tip the petri dish to expel excess liquid.
Replace petri dish tops.

7.3 Sterilize filter apparatus. In the laboratory the
funnel and filter base may be wrapped separately in
kraft paper packages and sterilized in the autoclave for
15 minutes at 121°C at 1.05 kg per cm? (15 psi). Cool
to room temperature before use.

Field sterilization of filter apparatus should be in
accordance with the manufacturer’s instructions. Au-
toclave sterilization in the laboratory prior to the field
trip is preferred.

7.4 Assemble filtration equipment and, using
sterilized forceps, place a sterile membrane filter over
the porous plate of the apparatus, grid side up. Place
funnel on filter with care to avoid tearing or creasing
the membrane.

7.5 If the volume of sample to be filtered is 10 ml or
more, transfer the measured sample-directly onto the
dry membrane.

If the volume of sample is between 1.0 ml and 10
ml, pour about 20 ml of sterilized buffer dilution water
into the funnel before transferring the measured sam-
ple onto the membrane. This facilitates distribution of
organisms.

If the volume of original water sample is less than
1.0 ml, proceed as above after preparing appropriate
dilutions by adding the sample to a sterile milk dilution
bottle in the following amounts:

Dilution Volume of sample added Filter this volume
to 99 ml dilution bottle
1:10. ... ... 11.0 m! original sample_.._ 11.0 ml of 1:10 dilution.
1:100_______ 1.0 ml original sample._._ 1.0 ml of 1:100 dilution.
1:1,000_.____ 1.0 mlof 1:10 dilution_. ___ 1.0 ml of 1:1,000 dilution.
1:10,000...__ 1.0 mlof 1:100 dilution__ . 1.0 ml of 1:10,000 dilution.

Note: Use a sterile pipet or hypodermic syringe for
each bottle. After each transfer between bottles, close
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and shake the bottle vigorously at least 25 times. Di-
luted samples should be filtered within 20 minutes
after preparation.

7.6 Apply vacuum and filter the sample. When
vacuum is applied with a syringe fitted with a two-way
valve, proceed as follows: Attach the filter assembly to
the inlet of the two-way valve with plastic tubing.
Draw the syringe plunger very slowly on the initial
stroke to avoid the danger of airlock before the filter
assembly fills with water. Push the plunger forward to
expel air from the syringe. Continue until the entire
sample has been filtered. If the filter balloons or devel-
ops bubbles during sample filtration, disassemble the
two-way valve and lubricate the rubber valve plugs
lightly with stopcock grease.

7.7 Rinse sides of funnel twice with 20-30 ml of
sterile buffered dilution water while applying vacuum.

7.8 Release vacuum and remove funnel from recep-
tacle and place upside down on a clean surface.

7.9 With flame-sterilized forceps remove the mem-
brane filter from the filter base and place it on the
broth-soaked absorbent pad or agar in the plastic petri
dish, grid side up, using a rolling action at one edge.
Use care to avoid trapping air bubbles under the mem-

brane.
7.10 Place top on petri dish and proceed with filtra-

tion of the next volume of water. Filter in order of
increasing sample volume, rinsing with sterile buf-
fered dilution water between filtrations.

7.11 Clearly mark the lid of each plastic dish indicat-
ing location, time of collection, time of incubation,
sample number, and sample volume as appropriate.
Use a waterproof felt-tip marker or grease pencil.

7.12 Inspect each membrane in the petri dish for
uniform contact with the saturated nutrient pad or agar.
If air bubbles are present under the filter (indicated by
bulges), remove the filter with sterile forceps and roll
onto the absorbent pad again.

7.13 Close the plastic petri dish by firmly pressing

down on the top.
7.14 Incubate the filters in the tightly closed petri

dishes in an inverted position (filter at the top) for
22-24 hours at 35°+0.5°C.

7.15 Remove the filters and allow to dry for at least 1
minute on an absorbent surface.

7.16 Count the number of coliform sheen colonies,
that is, dark colonies with a golden-green metallic
sheen. The sheen may cover the entire colony or ap-
pear only in a central area or on the periphery. The
color plate in Millipore Corp. (1973, p. 42) may be
helpful in identifying coliform colonies. The counts
are best made with the aid of a X 10to X 15 magnifica-

tion. The illuminator (fluorescent) should be placed as
directly above the filter as possible.

7.17 Autoclave all cultures at 121°C for 15 minutes
at 1.05 kg per cm? (15 psi) before discarding.

8. Calculations
8.1 For colony counts between the ideal of 20 and
80, use the formula:

Coliform colonies/100 ml]

_ coliform colonies counted X 100
~vol. of original sample filtered (ml)

8.2 Counts less than the ideal of 20 colonies or
greater than 80 colonies per filter should be reported as
number per 100 ml, followed by the statement, ‘ ‘Esti-
mated count based on nonideal colony count.”’

8.3 If no filters develop characteristic coliform col-
onies, calculate assuming that the largest sample vol-
ume filtered had one coliform colony. Report as less
than that calculated number per 100 ml.

8.4 If all filters bear colonies too numerous to count,
aminimum estimated value can be reported. Assume a
count of 80 coliform colonies on the smallest filtered
volume, then calculate according to the formulain 8.1.
Report as greater than (>) the calculated value.

8.5 Sometimes two or more filters of a series will
produce colony counts within the recommended count-
ing range. Colony counts should be made on all such
filters. The method for calculating and averaging is as
follows:

Volume filter 1
+ Volume filter 2

Colony count filter 1
+ Colony count filter 2

Volume sum Colony count sum

Coliform colonies/100 ml
colony count sum X 100
vol. sum (ml) .
Note: Do not calculate the coliform colonies per 100
ml for each volume filtered and then average the re-
sults.

9. Report

The coliform concentration is reported as coliform
colonies per 100 ml, M-Endo immediate incubation at
35°C. Values less than 10, report whole numbers; 10 or
more, report two significant figures.

10. Precision
No numerical precision data are available.




'

COLLECTION, ANALYSIS OF AQUATIC BIOLOGICAL AND MICROBIOLOGICAL SAMPLES 33

References

American Public Health Association and others, 1976, Standard
methods for the examination of water and wastewater [14th
ed.]: New York, Am. Public Health Assoc., 1193 p.

Goerlitz, D. F., and Brown, Eugene, 1972, Methods for analysis of

organic substances in water: U.S. Geol. Survey Techniques
Water-Resources Inv., book 4, chap. A3, 40 p.

Kriss, A. E., Lebedeva, M. N., and Tsiban, A. V., 1966, Compara-
tive estimate of a Nansen and microbiological water bottle
for sterile collection of water samples from depths of seas and
oceans: Deep-Sea Research, v. 13, p. 205-212.

Millipore Corp., 1973, Biological analysis of water and wastewater:
Millipore Corp., Application Manual AM302, 84 p.






Total coliform bacteria

(membrane filter method)
Delayed incubation test
(B-0030-77)

Parameter and code: Coliform, membrane
filter, delayed M-Endo medium
(colonies/100 mi) 31503

1. Application

The method is applicable to fresh and to saline
waters. It is used where it is not possible to begin
incubation of samples at the specified temperature
within 6 hours of collection. Within 72 hours the
membranes must be transferred to a nutrient medium
and normal incubation started. The applicability of the
delayed incubation test for a specific water source can
be determined by comparative test procedures with
conventional methods.

The delayed incubation test is not a substitute for the
immediate incubation test. Results obtained from these
two tests are not comparable.

2. Summary of method

The sample is filtered in the field immediately after
collection; the filter is placed on a holding medium and
shipped to the laboratory. The holding medium main-
tains the viability of the coliform organisms and gen-
erally does not permit visible growth during the time of
transit. The coliform determination is completed in the
laboratory by transferring the. membrane to a growth
medium, incubating at 35°C for the stipulated time,
and counting the typical coliform colonies.

3. Interferences

Suspended materials may not permit testing of sam-
ple volumes sufficient to produce significant results.
Coliform colony formation on the filter may be inhi-
bited by high numbers of noncoliform colonies, by the
presence of algal filaments and detritus, or by toxic
substances.

Water samples with a high suspended-solids content
may be divided between two or more membrane fil-
ters.

4. Apparatus

All materials used in bacteriological testing must be
free of agents which inhibit bacterial growth.

The following apparatus list assumes the use of a
field kit for bacteriological water tests such as the
Portable Water Laboratory, Millipore (XX63 001 50),
or equivalent. If other means of sample filtration are
used, refer to the manufacturer’s instructions for
proper operation of the equipment. Items marked with
an asterisk (*) in the list below are included in the
Portable Water Laboratory (fig. 3).

4.1 Water-sampling bottle. Samplers for obtaining
water samples under sterile conditions as marketed by
General Oceanics, Inc., Hydro Products, Kahl Scien-
tific Instrument Corp., and others. A metallic water
sampler, lowered at a speed of 1 m/s, may be effective
for sterile collection of water samples (Kriss and
others, 1966). Metallic watersampling bottles are
available from Wildlife Supply Co. (1050 or 1200);
Kahl Scientific Instrument Corp. (130WA100); In-
terOcean Systems, Inc. (206); Foerst Mechanical Spe-
cialties Co. (Improved Water Sampler, Kemmerer-
type); or equivalent.

4.2 Filter-holder assembly, Millipore (XX63 001
20*) or equivalent; and syringe and two-way valve,
Millipore (XX62 000 35*) or equivalent.

4.3 Membrane filters, white, grid, sterile packed,
0.45- or 0.7-um mean pore size, 47-mm diameter,
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Millipore (HAWG 047 SO or HCWG 047 Sl), or
equivalent; absorbent pads, Millipore (APIO 047 SO)
or equivalent.

4.4 Plastic petri dishes with covers, disposable,
sterile, 50X 12 mm, Millipore (PD10 047 00*) or
equivalent.

4.5 Forceps, stainless steel, smooth tips, Millipore
(XX62 000 06*) or equivalent.

4.6 Incubator for operation at a temperature of
35°+0.5°C. A portable incubator as provided in the
Portable Water Laboratory, Millipore (XX63 000 00*
or XX63 004 00), or equivalent, which operates on
either 110 volts a.c. or 12 volts d.c., is convenient for
field use. A larger incubator with a more precise tem-
perature regulation, National Appliance (320) or
equivalent, is satisfactory for laboratory use.

4.7 Microscope, binocular wide-field dissection-
type, Bausch & Lomb (31-26-29-73) or equivalent,
with fluorescent lamp, Bausch & Lomb (31-33-63) or
equivalent.

4.8 Sterilizer, steam autoclave, Curtin Matheson
Scientific (209-536) or Market Forge Sterilmatic or
equivalent. '

4.9 Bottles, milk dilution, APHA, Pyrex or Kimax
with screwcaps.

4.10 Pipets, 1.0-ml capacity, presterilized, dispos-
able, glass or plastic with cotton plugs, Millipore
(XX63 001 35*) or equivalent, or sterile, disposable,
1.0-m! hypodermic syringes.

4.11 Pipets, 11.0-ml capacity, Corning (7057) or
equivalent. Wrap the pipets in kraft paper and sterilize
in the autoclave, or place in a pipet box, Curtin Mathe-
son Scientific or equivalent, and heat in an oven at
_ 170°C for 2 hours. Presterile, disposable, 10.0-ml
pipets may be used.

4.12 Propipet for use with 1.0-, 10.0-, and 11.0-ml
pipets.

4.13 Thermometer, with range of at least 40°-
100°C, Brooklyn Thermometer Co. (6410Y) or equiv-
alent.

5. Reagents

5.1M-Endo broth: Add 4.8 g of M-Endo broth MF,
Difco (0749) or equivalent, to 100 ml of 2 percent
nondenatured ethyl alcohol solution in a beaker and stir
for 3 minutes. Place the beaker on a hotplate and heat
to boiling, stirring constantly. When the medium
reaches the boiling point, promptly remove from heat
and cool to below 45°C. Do not sterilize by autoclav-
ing. Store the finished medium in the dark at 2°-10°C
for a maximum period of 4-5 days.

5.2 M-Endo agar: Add 4.8 g of M-Endo broth MF,

Difco (0749) or equivalent, to 100 ml of 2 percent
nondenatured ethyl alcohol, then add 1.5 g agar, Difco
(0140), or equivalent. Stir well and place the beaker
containing the medium on a hotplate and heat to 96°C,
stirring constantly. Do not autoclave or boil. When the
temperature reaches 96°C, promptly remove from heat
and cool to 45°~50°C. Pour to a depth of 4 mm (67 ml)
in 50-mm petri dish bottoms. When the medium solidi-
fies, store the prepared petri dishes at 2°~10°C for a
maximum period of 4-5 days.

5.3 Sodium benzoate solution, 12 percent: Dissolve
12 g sodium benzoate (C;H;NaOQ) in sufficient distill-
ed water to make 100 ml. Sterilize by filtration through
a (0.45-pm-pore-size membrane filter. Discard unused
solution after 6 months.

5.4 M-Endo preservative medium: To 100 ml of
M-Endo broth described in 5.1, add 3.2 ml of 12
percent sodium benzoate solution. '

5.5 Cyclohexamide: Dissolve 500 mg of cyclohex-
amide (Upjohn actidione, Sigma actidone, or equiva-
lent) in 10 ml of distilled water. The cyclohexamide
solution should be refrigerated; storage should not
exceed 6 months. Cyclohexamide is a powerful skin
irritant and should be handled with caution according
to the manufacturer’s directions. Add 1 ml of cycloh-
examide solution to 100 ml of M-Endo preservative
medium described in 5.3.

5.6 Buffered dilution water: Dissolve 34.0 g potas-
sium dihydrogen phosphate (KH;PO,) in 500 ml dis-
tilled water. Adjust to pH 7.2 with 1 N sodium hyd-
roxide (NaOH). Dilute to 1 liter with distilled water.
Sterilize in dilution bottles for 20 minutes at 121°C at
1.05 kg per cm? (15 psi). After opening a bottle of
stock solution, refrigerate the unused part. Discard
contaminated solutions, indicated by slight turbidity or
precipitate accumulation.

Add 1.2 ml of this stock phosphate buffer solution to
1 liter of distilled water containing 0.1 percent Difco
peptone (0118), or equivalent. Dispense in milk dilu-
tion bottles in amounts that will provide 99 ml*2.0
after autoclaving at 121°C at 1.05 kg per cm? (15psi)
for 20-30 minutes. Loosen caps or stoppers prior to
sterilizing, and tighten when bottles have cooled.

5.7 Ethyl alcohol: 95 percent denatured or absolute
ethyl alcohol for sterilizing equipment. Absolute
methanol may be used for sterilization.

5.8 Methyl alcohol: Absolute, for sterilizing filter
holder assembly.

6. Collection
Samples for bacteriologic examination must be col-
lected in bottles that have been carefully cleansed and
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autoclaved for 20 minutes at 121°C at 1.05 kg per cm?®
(15 psi). Sterilized milk dilution bottles are ideal sam-
ple containers. When the sample is collected, ample air
space must be left in the bottle to facilitate mixing of
the sample by shaking. Care must be taken to avoid
contamination of the sample and sample bottle at the
time of collection and in the period prior to analysis.

To insure maximum correlation of results, the sam-
ple sites and methods used for bacteria should corre-
spond as closely as possible to those selected for chem-
ical and plankton sampling. However, sampling for
bacteria at depth is complicated by the requirement to
avoid contamination of the deeper water layers by
bacteria carried from shallower depths on the inner
walls of the sampler.

The sample-collection method will be determined
by the study objectives. In lakes, reservoirs, deep
rivers, and estuaries, bacterial abundance may vary
transversely, with depth, and with time of day. To
collect a surface sample from a stream or lake, open a
sterile milk dilution bottle, grasp it near its base, and
plunge it, neck downward, below the water surface.
Allow the bottle to fill by slowly turning the bottle until
the neck points slightly upward. The mouth of the
bottle must be directed into the current. If there is no
current, as in the case of a lake, a current should be
artificially created by pushing the bottle horizontally
forward in a direction away from the hand (American
Public Health Association and others, 1976, p. 905).

To collect a sample representative of the bacterial
concentration at a particular depth, use one of the
water-sampling bottles discussed in 4.1 above. For
small streams, a point sample at a single transverse
position located at the centroid of flow may be ade-
quate (Goerlitz and Brown, 1972).

As soon as possible after collection, preferably
within 1 hour and not more than 6 hours, filter the
sample and place the membrane filter on the preserva-
tive medium as described in 7.5-7.10 below. Samples
must be kept cool during the time between collection
and filtration. If filtration is delayed, chill or refriger-
ate the sample but do not freeze.

The volumes of sample to be filtered should be such
that, after incubation, one of the membrane filters will
contain from 20 to 80 coliform colonies and not more
than 200 of all types (total coliform plus noncoliform
colonies). It is extremely important that the limitation
on total number of colonies be observed, otherwise the
medium used in the method may not be capable of
supporting development of the characteristic metallic
sheen. If the upper limit of 80 coliform colonies per

membrane filter is exceeded, interferences from
crowding deposits of extraneous material, and other

| factors will give questionable results.

The lower limit of 20 coliform colonies per mem-
brane filter is arbitrarily set as a number below which
statistical validity becomes questionable. However,
the bacterial population in some samples is such that
even with 200 or fewer total colonies (coliform plus
noncoliform) per 100 ml of sample, fewer than 20
coliform colonies will be present on the filter mem-
brane.

The following sample volumes are suggested for
filtration:

1. Unpolluted raw surface water: 0.1-,0.4-,1.6-,6.4-,
25.6-, and 100.0-ml samples will cover arange
of 40 to 80,000 coliforms per 100 ml using the
criteria of 20 to 80 coliform colonies on a filter
for an ideal determination.

2. Polluted raw surface water: 0.002-, 0.006-, 0.025-,
0.1-, 0.4-, and 1.6-ml samples will cover a
range of 1,200 to 4,000,000 coliform colonies
per 100 ml.

7. Analysis

7.1 Place a sterile absorbent pad in the bottom
(larger half) of each sterile plastic petri dish using
flame sterilized forceps.

Note: Dip forceps in ethyl alcohol, pass through
flame to ignite alcohol, and allow to burn out. Do not
hold forceps in flame.

7.2 Saturate each pad with about 2 ml of M-Endo
preservative medium and tip the petri dish to expel
excess liquid. Replace petri dish tops.

7.3 Sterilize filter apparatus. In the laboratory, the
funnel and filter base may be wrapped separately in
kraft paper packages and sterilized in the autoclave for
15 minutes at 121°C at 1.05 kg per cm? (15 psi). Cool
to room temperature before use.

Field sterilization of filter apparatus should be in
accordance with the manufacturer’s instructions. Au-
toclave sterilization in the laboratory prior to the field
trip is preferred.

7.4 Assemble filtration equipment, and using
sterilized forceps, place a sterile membrane filter over
the porous plate of the apparatus, grid side up. Place
funnel on filter with care to avoid tearing or creasing
the membrane. - .

7.5 If the volume of sample to be filtered is 10 ml or
more, transfer the measured sample directly onto the
dry membrane.

If the volume of sample is between 1.0 ml and 10
ml, pour about 20 ml of sterilized buffered dilution
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water into the funnel before transferring the measured
sample onto the membrane. This facilitates
distribution of organisms.

If the volume of original water sample is less than
1.0 ml, proceed as above after preparing appropriate
dilutions by adding the sample to a sterile milk dilution
bottle in the following amounts:

Dilution Volume of sample added Filter this volume
to 99 ml dilution bottle
1:10_ .. _____ 11.0 ml original sample__._ 11.0 ml of 1:10 dilution.
1:100. ... ___ 1.0 ml original sample.___ 1.0 m] of 1:100 dilution.
1:1,000___..__ 1.0 ml of 1:10 dilution___ . 1.0 ml of 1:1,000 dilution,
1:10,000_.___ 1.0 ml of 1:100 dilution. .. 1.0mlof1: 10 000 dilution.

Note: Use a sterile pipet or hypodermic syringe for
each bottle. After each transfer between bottles, close
and shake the bottle vigorously at least 25 times. Di-
luted samples should be filtered within 20 minutes
after preparation.

7.6 Apply vacuum and filter the sample. When
vacuum is applied with a syringe fitted with a two-way
valve, proceed as follows: Attach the filter assembly to
the inlet of the two-way valve with plastic tubing.
Draw the syringe plunger very slowly on the initial
stroke to avoid the danger of airlock before the filter
assembly fills with water. Hold plunger to pull the
sample through the filter assembly. Push the plunger
forward to expel air from the syringe. Continue until
the entire sample has been filtered. If the filter balloons

- or develops bubbles during sample filtration, disas-
semble the two-way valve and lubricate the rubber
valve plugs lightly with stopcock grease.

7.7 Rinse sides of funnel twice with 20-30 ml of
sterile buffered dilution water while applying vacuum.

7.8 Remove funnel from receptacle and place upside
down on a clean surface.

7.9 With flame-sterilized forceps remove the mem-
brane filter from the filter base and place it on the
broth-soaked absorbent pad in the plastic petri dish,
grid side up, using a rolling action at one edge. Use
care to avoid trapping air bubbles under the membrane.

7.10 Place top on petri dish and proceed with filtra-
tion of next volume of water. Filter in order of increas-
ing sample volume, rinsing with sterile buffered dilu-
tion water between filtrations.

7.11 Clearly mark the lid of each plastic dish indicat-
ing location, time of collection, time of incubation,
sample number, and sample volume. Use a waterproof
felt-tip marker or grease pencil.

7.12 Inspect each membrane in the petri dish for
uniform contact with the saturated pad. If air bubbles
are present under the filter (indicated by bulges), re-

move filter with sterile forceps and roll onto the absor-
bent pad again.

7.13 Close the plastic petri dish by firmly pressing
down on the top.

7.14 Place the petri dish containing the membrane
filter in a shipping container and mail so as to arrive in
the laboratory within 72 hours. Limited bacterial
growth sometimes occurs on the preservative medium
when high temperatures are encountered.

7.15 In the laboratory, transfer the membrane from
the petri dish in which it was shipped to a fresh sterile
petri dish containing either M-Endo agar or to an
absorbent pad saturated with M-Endo broth or agar.
Use sterile forceps and insure a good contact between
the filter and medium.

7.16 Incubate the filters in the tightly closed petri
dishes in an inverted position (filter at the top) for
20-22 hours at 35°+0.5°C.

7.17 Remove the filters and allow to dry for at least 1
minute on an absorbent surface.

7.18 Count the number of coliform sheen colonies,
that is, dark colonies with golden-green metallic
sheen. The sheen may cover the entire colony or ap-
pear only in a central area or on the periphery. The
color plate in Millipore Corp. (1973, p. 42) may be
helpful in identifying coliform colonies. The counts
are best made with the aid of a X 10to X 15 magnifica-
tion. The illuminator (fluorescent) should be placed as
directly above the filter as possible.

7.19 Autoclave all cultures at 121°C for 15 min at
1.05 kg per cm? (15 psi) before discarding.

8. Calculations
8.1 For colony counts between the ideal of 20 and 80
use the formula:

Coliform colonies/100 ml
__coliform colonies counted X 100
~ vol. of original sample filtered (ml)’

8.2 Counts less than the ideal of 20 colonies or
greater than 80 colonies per filter should be reported as
number per 100 ml, followed by the statement, ‘‘Esti-
mated count based on non-ideal colony count.”’

8.3 If no filters develop characteristic coliform col-
onies, calculate assuming that the largest sample vol-
ume filtered had one coliform colony. Report as less
than that calculated number per 100 ml.

8.4 If all filters bear colonies too numerous to count,
aminimum estimated value can be reported. Assume a
count of 80 coliform colonies on the smallest filtered
volume, then calculate according to the formulain 8.1.
Report as greater than (>) the calculated value.
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8.5 Sometimes two or more filters of a series will
produce colony counts within the recommended count-
ing range. Colony counts should be made on all such
filters. The method for calculating and averaging is as
follows:

Volume filter 1
+ Volume filter 2

Colony count filter 1
+ Colony count filter 2

Volume sum Colony count sum

Coliform colonies/100 ml
__colony count sum X 100_
N vol. sum (ml)

Note: Do not calculate the coliform colonies per 100
ml for each volume filtered and then average the re-
sults.

9. Report
The coliform concentration is reported as coliform
colonies per 100 ml, M-Endo delayed incubation at

35°C. Values less than 10, report whole number; 10 or
more, report two significant figures.

10. Precision
No numerical precision data are available.
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Total coliform bacteria

(most probable number, MPN, method)
Presumptive test
(B-0035-77)

Parameter and code: Coliform,
presumptive (MPN) 31507

1. Application

This method is applicable to all types of fresh and
saline waters. It is applicable to waters with large
suspended solids content and waters with high counts
of noncoliform bacteria.

2. Summary of method _

Decimal dilutions of multiple sample aliquots are
inoculated into lauryl tryptose broth. The cultures are
incubated at 35°C and examined after 24 and 48 hours
for evidence of growth and gas production. The most
probable number (MPN) of coliform organisms in the
sample is determined from the distribution of gas-
positive cultures among the inoculated tubes.

3. Interferences

Large concentrations of heavy metals or toxic chem-
icals may interfere when large volumes of sample are
added to small volumes of concentrated laural tryptose
broth. Certain noncoliform organisms can ferment lac-
tose with gas formation.

4. Apparatus

All materials used in bacteriological testing must be
free of agents which inhibit bacterial growth.

4.1 Water-sampling bottle. Samples for obtaining
water samples under sterile conditions as marketed by
General Oceanics, Inc., Hydro Products, Kahl Scien-
tific Instrument Corp., and others. A metallic water
sampler, lowered at a speed of 1 m/s, may be effective
for sterile collection of water samples (Kriss and
others, 1966). Metallic water-sampling bottles are
available from Wildlife Supply Co. (1050 or 1200);
Kahl Scientific Instrument Corp. (130WA100); In-
terOcean Systems, Inc. (206); Foerst Mechanical Spe-

cialties Co. (Improved Water Sampler, Kemmerer-
type); or equivalent.

4.2 Durham (fermentation) tubes and serum vials.
Serum vials of any type may be used. The size of the
vial and durham tube, used for detection of gas
production, should be such that the tube is completely
filled with medium and at least partly submerged in the
vial. The specific choice of fermentation tubes and
serum vials depends on the volume of water to be
tested and whether the test is to be run in the laboratory
or in the field.

The following combinations have been found to be
satisfactory for the stated use.

4.2a For testing 50-ml aliquots, use screwcap
milk dilution bottles, APHA, Pyrex or Kimax serum
vials; use flint glass culture tubes, 10X 75 mm, Kimble
(73500) or equivalent, as inner, inverted fermentation
tubes.

4.2b For laboratory testing .of 10 ml or smaller
aliquots, use culture tubes, flint glass, 20X 150 mm,
Kimble (73500) or equivalent, and culture tubes, flint
glass 10X 75 mm, Kimble (73500) or equivalent, and
test tube caps, 20 mm, Scientific Products (T13990-
20) or equivalent.

4.3 Culture-tube rack, galvanized for 20 mm tubes,
Thomas-Kolmer or equivalent.

4.4 Incubator for operation at a temperature of
35°+0.5°C. National Appliance (320) or equivalent, is
satisfactory for laboratory use.

4.5 Sterilizer, steam autoclave, Curtin Matheson
Scientific (209-536) or Market Forge Sterilmatic or
equivalent.

- 4.6 Bortles, milk dilution, APHA, Pyrex or Kimax
with screwcaps.

4.7 Pipets 1.0-ml capacity, presterilized, disposa-

41



42 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS

ble, glass or plastic with cotton plugs, Millipore
(XX63 001 35) or equivalent, or sterile, disposable
2.5-ml hypodermic syringes, Becton Dickinson
(5610) or equivalent.

4.8 Pipets 11.0-ml capacity, Corning (7057) or
equivalent. Wrap the pipets in kraft paper and sterilize
in the autoclave, or place in a pipet box, Curtin Mathe-
son Scientific or equivalent, and heat in an oven at
170°C for 2 hours. Presterile, disposable, 10.0-ml
pipets may be used.

4.9 Propipet for use with 1.0-, 10.0-, and 11 ml

pipets.

5. Reagents

5.1 Lauryl Tryptose Broth. Difco Bacto Lauryl
Tryptose Broth (0241) or BBL Lauryl Sulfate Broth
(11338) or equivalent. Prepare according to American
Public Health Association and others (1976, p. 893) or
according to directions on bottle label.

Place 50 ml of medium containing 71.2 g/l (grams
per liter) of Difco Bacto Lauryl Tryptose Broth or BBL
Lauryl Sulfate Broth in a milk dilution bottle for each
50 ml aliquot of sample to be tested.

Place 10 ml of medium containing 71.2 g/ of Difco
Bacto Lauryl Tryptose Broth or BBL Lauryl Sulfate
Broth in a 20X 150 mm culture tube for each 10 ml
aliquot of sample to be tested.

Place 10 ml of medium containing 35.6 g/1 of Difco
Bacto Lauryl Tryptose Broth or BBL Lauryl Sulfate
Broth in 20X 150 ml culture tube for each 1 ml or
smaller aliquot of sample to be tested.

In each milk dilution bottle or culture tube place,
mouth downward (inverted), one 10X 75 mm durham
tube (fig. 4). Sterilize bottles in upright position at
121°C at 1.05 kg per cm? (15 psi) for 15 minutes. Air
will be expelled from the inverted, inner durham tube
during heating; each will fill completely with medium
during cooling. Before using check to see that there are
no air bubbles in the inverted durham tubes.

5.2 Buffered dilution water. Dissolve 34.0 g potas-
sium dihydrogen phosphate (KH,PO,) in 500 ml dis-
tilled water. Adjust to pH 7.2 with 1 N sodium hyd-
roxide (NaOH). Dilute to 1 liter with distilled water.
Sterilize in dilution bottles for 20 minutes at 121°C at
1.05 kg per cm? (15 psi). After opening a bottle. of
stock solution, refrigerate the unused part. Discard
contaminated solutions, indicated by slight turbidity or
precipitate.

Add 1.2 ml of this stock phosphate buffer solution to
1 liter of distilled water containing 0.1 percent Difco

peptone (0118), or equivalent. Dispense in milk dilu-
tion bottles in amounts that will provide 99 ml+2.0
after autoclaving at 121°C at 1.05 kg per cm? (15 psi)
for 20-30 minutes. Loosen caps or stoppers prior to
sterilizing and tighten when bottles have cooled.

6. Collection

Samples for bacteriologic examination must be col-
lected in bottles that have been carefully cleaned and
autoclaved for 20 minutes at 121°C at 1.05 kg per cm?
(15 psi). Sterilized milk dilution bottles are ideal sam-
ple containers. When the sample is collected, ample air
space must be left in the bottle to facilitate mixing of
the sample by shaking. Care must be taken to avoid
contamination of the sample and sample bottle at the
time of collection and in the period prior to analysis.

To insure maximum correlation of results, the sam-
ple sites and methods used for bacteria should corre-
spond as closely as possible to those selected for chem-
ical and plankton sampling. However, sampling for
bacteria at depth is complicated by the requirement to
avoid contamination of the deeper water layers by
bacteria carried from shallower depths on the inner
walls of the sampler.

The sample collection method will be determined by
the study objectives. In lakes, reservoirs, deep rivers,
and estuaries, bacterial abundance may vary trans-
versely, with depth, and with time of day. To collect a
surface sample from a stream or lake, open a sterile
milk dilution bottle, grasp it near its base, and plunge
it, neck downward, below the water surface. Allow the
bottle to fill by slowly turning the bottle until the neck
points slightly upward. The mouth of the bottle must be
directed into the current. If there is no current, as in the
case of a lake, a current should be artificially created
by pushing the bottle horizontally forward in a direc-
tion away from the hand (American Public Health
Association and others, 1976, p. 965).

To collect a sample representative of the bacterial
concentration at a particular depth, use one of the
water-sampling bottles discussed in 4.1 above. For
small streams a point sample at a single transverse
position located at the centroid of flow may be ade-
quate (Goerlitz and Brown, 1972).

As soon as possible after collection prefereably
within 1 hour and not more than 6 hours, inoculate the
decimal dilutions of the sample into the lauryl tryptose
broth serum vials. Samples must be kept cool during
the time between collection and inoculation. If inocu-
lation is delayed, chill or refrigerate the sample but do
not freeze.

The volumes of decimal dilutions should be such




. COLLECTION, ANALYSIS OF AQUATIC BIOLOGICAL AND MICROBIOLOGICAL SAMPLES 43
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Figure 4.—Preparation of culture tube (step 5.1). A. Invert durham tube inside serum vial. B. Add unsterilized
medium and cap. C. Durham tube fills with medium following sterilization.

that, after incubation, both positive and negative re- The following sample volumes are suggested:

sults are obtained among the range of volumes. The
. method fails if only positive or only negative results 1. Unpolluted raw surface water: 0.1-, 1.0-, and 10.0-
are obtained with all volumes tested. and 50.0-ml samples will cover a MPN range
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of <. 1 to = 240 coliform organisms per 100
ml.

2. Polluted raw surface water: 0.001-, 0.01-,0.1-, and
1.0-ml will cover a MPN range of 20 to
2.4 %108 coliform organisms per-100 ml.

7. Analysis

7.1 Set up five vials of lauryl tryptose broth for each
sample volume to be tested.

7.2 If 0.1 ml or more is to be inoculated transfer the
measured samples directly to the serum vials using
sterile pipets or presterilized disposable hypodermic
syringes.

If the volume of original water sample is less than
0.1 ml, proceed as above after preparing appropriate
dilutions by adding the sample to a sterile milk dilution
bottle in the following amounts:

Dilution Volume of sample added Filter this volume
to 99 ml dilution bottle
1:100_______ " 1.0 ml original sample..._ 1.0 ml of 1:100 dilution.
1:1,000____._ 1.0 ml of 1:10 dilution_ ___ 1.0 ml of 1:1,000 dilution.
1:10,000_____ 1.0 ml of 1:100 dilution___ 1.0 ml of 1:10,000 dilution.

Note: Use a sterile pipet or hypodermic syringe for
each vial. After each transfer between bottles, close
and shake the bottle vigorously 25 times. Diluted sam-
ples should be inoculated within 20 minutes after prep-
aration.

7.3 Clearly mark each set of serum vials indicating
location, time of collection, sample number, and sam-
ple volume. Code each vial for easy identification.

7.4 Place the inoculated vials in the test-tube or
other appropriate rack and incubate at 35°C+0.5 °C for
24 *2 hours. Culture vials must be maintained in an
upright position.

7.5 Remove vials from incubator and examine. Gas
in any amount in the durham tube, even a pinhead size
bubble, constitutes a positive test (fig. 5). The appear-
ance of an air bubble must not be confused with actual
gas production. The broth medium will become cloudy
with actual fermentation and small bubbles of gas may
appear in the medium outside the durham tube when
the serum vial is shaken gently (American Public
Health Association and others, 1976, p. 916).

7.6 Autoclave all gas-positive vials for 15 minutes at
121°C at 1.05 kg per cm?® (15 psi) before discarding.

7.7 Replace all gas-negative vials in incubator and
incubate for an additional 24 +2 hours at 35°C +0.5°C.

gas formation. Autoclave all remaining vials of lauryl
tryptose broth as in 7.6 before discarding.

8. Calculations

Record the number of gas-positive vials occurring
over all sample volumes tested. When more than three
volumes are tested, the results from only three of these
are used in computing the MPN. To select the three
dilutions for the MPN index, proceed as follows: Take
as the first member the smallest sample volume in
which all tests are positive (no larger sample volume
giving any negative results) and the two next succeed-

Gas

'Figure 5.—Examination for gas formation (steps 7.5 and 7.8). A. Positive. B. Negative. C. Positive.
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ing smaller sample volumes (American Public Health
Association and others, 1976 p. 923-926).

In the examples given below, the number in the
numerator represents positive tubes; the denominator
represents the total number of tubes inoculated:

Decimal dilutions Combination
Example 1ml o1ml 0.01 ml 0.001 mi of positives
a 5/5 5/5 2/5 0/5 5-2-0
b 515 4/5 2/5 0/5 5-4-2
c 0/5 1/5 0/5 0/5 0-1-0
d 5/5 3/5 1/5 1/5 5.3.2
e 5/5 3/5 2/5 0/5

In example c, the first three dilutions should be taken to
place the positive results in the middle dilution. When

a positive occurs in a dilution higher than the three
chosen according to the guideline, as in d, it should be
placed in the result for the highest chosen dilution as in
e.

A table giving MPN for various combinations of
positive and negative results when five 10 ml dilutions,
five 1.0 ml and five 0.1 ml dilutions are tested is shown
in table 1. If a series of decimal dilutions other than
10.0-, 1.0-, and 0.1-ml is used, record the MPN as the
value from the table multiplied by a factor of 10 di-
vided by the volume in which all tests were positive.
MPN tables for other combinations of sampie volumes
and number of tubes at each level of inoculation are
given by the American Public Health Association and
others (1976, p. 924-925).

Table 1.—MPN index and 95 percent confidence limits for various combinations of positive and negative results when five
10-ml, five 1-ml, and five 0.1-ml dilutions are used

[American Public Health Association and others, 1976, p. 924-925]

Number of tubes giving

Number of tubes giving

positive reaction out of: MPN 95 percent con- positive reaction out of: MPN 95 percent con-
Index fidence limits Index fidence limits
50of1 S5of0.1 5o0f0.01 per 5of1 S5o0f0.1 5o0f0.01 per
mleach mleach mleach 100 ml Lower Upper mleach mleach mleach 100 ml Lower Upper
0 0 0 <2 .
0 0 1 2 <05 7 4 2 1 26 9 78
0 1 0 2 < 5 7 4 3 0 27 9 80
0 2 0 4 < 5 11 4 3 1 33 11 93
4 4 0 34 12 93
1 0 0 2 < 5 7 .
1 0 1 4 < 5 11 S 0 0 23 7 70
1 1 0 4 < 5 11 S 0 1 31 11 89
1 1 1 6 < 5 15 S 0 2 43 15 110
1 2 0 6 < 5 15 S 1 0 33 11 93
B 1 1 46 16 120
2 0 0 S < 5 13 S 1 2 63 21 150
2 0 1 7 1 17
2 1 0 7 1 17 5 2 0 49 17 130
2 1 1 9 2 21 S 2 1 70 23 170
2 2 0 9 2 21 5 2 2 94 28 220
2 3 0 12 3 28 5 3 0 79 25 190
S 3 1 110 31 250
3 0 0 8 1 19 5 3 2 140 37 340
3 0 1 11 2 25 S 3 3 180 44 500
3 1 0 11 2 25 S 4 0 130 35 300
3 1 1 14 4 34 5 4 1 170 43 490
3 2 0 14 4 34 5 4 2 220 57 700
3 2 1 17 5 46 5 4 3 280 90 850
3 3 0 17 5 46 5 4 4 350 120 1,000
4 0 0 13 3 31 ) 5 0 240 68 750
4 0 1 17 N 46 5 S 1 350 120 1,000
4 1 0 17 S 46 S S 2 540 180 1,400
4 1 1 21 7 63 5 5 3 920 300 3,200
4 1 2 26 9 78 5 N 4 _ 1,600 640 5,800
4 2 0 22 7 67 5 5 R >2,400
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9. Report

The coliform concentration is reported as MPN col-
iforms per 100 ml. Values less than 10, report whole
numbers; 10 or more, report two significant figures.

10. Precision

Unless large numbers of sample aliquots are used for
each decimal dilution, the precision of the MPN pro-
cedure is poor. Table 1 shows the 95 percent confi-
dence limits for various combination of positive and
negative results when five 10-ml, five 1-ml, and five
0.1-ml dilutions are used.
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Total coliform bacteria

(most probable number, MPN, method)
Presumptive field test
(B-0040-77)

Parameter and code: Coliform,
presumptive (MPN) 31507

1. Application

This method is applicable to all types of fresh and
saline waters. It is applicable to waters with large
suspended-solids content and waters with high counts
of non-coliform bacteria. It is suitable for application
at the sample site to eliminate sample transport and
storage.

2. Summary of method

Decimal dilutions of multiple sample aliquots are
inoculated into lauryl tryptose broth. The cultures are
incubated at 35°C and examined after 24 and 48 hours
for evidence of growth and gas production. The most-
probable-number (MPN) of coliform organisms in the
sample is determined from the distribution of gas-
positive cultures among the inoculated tubes. The
method described herein is similar to the *‘Total Col-
iform MPN Method (presumptive test)”’, except that
provision is made for the incubation of samples under
field conditions. Certain noncoliform organisms can
ferment lactose with gas formation.

3. Interferences

Large concentrations of heavy metals or toxic chem-
icals may interfere when large volumes of sample are
added to small volumes of concentrated laural tryptose
broth.

4. Apparatus

All materials used in bacteriological testing must be
free of agents which inhibit bacterial growth.

4.1 Water-sampling bottle. Samplers for obtaining
water samples under sterile conditions as marketed by
General Oceanics, Inc., Hydro Products, Kahl Scien-
tific Instrument Corp., and others. A metallic water

sampler, lowered at a speed of 1 m/s, may be effective
for sterile collection of water samples (Kriss and
others, 1966). Metallic water-sampling bottles are
available from Wildlife Supply Co. (1050 or 1200);
Kahl Scientific Instrument Corp. (130WA100); In-
terOcean Systems, Inc. (206); Foerst Mechanical Spe-
cialties Co. (Improved Water Sampler, Kemmerer-
type); or equivalent. .

4.2 Durham (fermentation) tubes and serum vials
4.2a For testing 50 or 100 ml aliquots use milk
dilution bottles, APHA, Pyrex or Kimax with
screwcaps as serum vials; use flint glass culture
tubes, 10X 75 mm, Kimble (73500) or equivalent
as fermentation tubes.
4.2b Serum bottles, 10-ml capacity, Wheaton
(223739) or equivalent.
4.2c Rubber stoppers, 13X20 mm, Wheaton
(224183) or equivalent.
4.2d Aluminum seals, one piece, 20 mm,
Wheaton (224183) or equivalent.
4.2e Fermentation tubes, 25X 16 mm test tubes,
Thomas (9185-R12) or equivalent.
4.2f Crimper, for attaching aluminum seals,
Wheaton (224303) or equivalent.
4.2g Decapper, for removing aluminum seals
from spent tubes, Wheaton (224183) or equiva-
lent.

4.3 Incubator for operation at a temperature of
35°+0.5°C. A portable incubator as provided in the
Portable Water Laboratory, Millipore (XX63 001 50)
or equivalent, which operates on either 110 volts a.c.
or 12 volts d.c., is convenient for field use. A larger
incubator with a more precise temperature regulation,
National Appliance (320) or equivalent, is satisfactory
for laboratory use.

47
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4.4 Sterilizer, steam autoclave, Curtin Matheson ‘

Scientific (209-536) or Market Forge Sterilmatic or
equivalent.

4.5 Bottles, milk dilution, APHA, Pyrex or Kimax
with screwcaps.

4.6 Hypodermic Syringes, 2.5 ml, Becton Dickin-
son (5610) or equivalent.

4.7 Pipets, 1.0-ml capacity, presterilized, disposa-
ble, glass or plastic with cotton plugs, Millipore
(XX63 001 35) or equivalent.

4.8 Pipets, 11.0-ml capacity, Coming (7057) or
equivalent. Wrap the pipets in kraft paper and sterilize
in the autoclave, or place in a pipet box, Curtin Mathe-
son Scientific or equivalent, and heat in an oven at
170°C for 2 hours. Presterile, disposable, 10.0-ml
pipets may be used. '

4.9 Propipet for use with 1.0-, 10.0-, and 11.0-ml

pipets.

5. Reagents

5.1Lauryl tryptose broth, Difco Bacto Lauryl Tryp-
tose Broth (0241) or BBL Lauryl Sulfate Broth
(11338) or equivalent. Prepare according to American
Public Health Association and others (1976, p. 965) or
according to directions on bottle label.

Place 50 ml of medium containing 71.2 g/l of Difco
Bacto Lauryl Tryptose Broth or BBL Lauryl Sulfate
Broth in a milk dilution bottle for each 50 ml aliquot of
water to be tested.

Place 9 ml of medium containing 35.6 g/l of Difco
Bacto Lauryl Tryptose Broth or BBL Lauryl Sulfate
Broth in each 10 ml serum bottle for each 1 ml or
smaller aliquot of sample to be tested.

Place one fermentation tube, mouth downward (in-
verted) in each bottle of broth. Place screwcaps on
milk dilution bottles. Loosen caps prior to sterilizing
and tighten when bottles have cooled.

Place one fermentation tube, mouth downward (in-
verted) in each serum bottle. Place rubber stopper in
mouth and attach aluminum seal using crimper.

Sterilize in upright position at 121°C at 1.05 kg per
cm? (15 psi) for 15 minutes. Air will be expelled from
the inverted, inner durham tube during heating; each
will fill completely with medium during cooling. Be-
fore using check to see that there are no bubbles in the
inverted durham tubes.

5.2 Buffered dilution water: Dissolve 34.0 g potas-
sium dihydrogen phosphate (KH,PO,) in 500 ml

distilled water. Adjust to pH 7.2 with 1 N sodium
hydroxide (NaOH). Dilute to 1 liter with distilled wa-
ter. Sterilize in dilution bottles for 20 minutes at 121°C
at 1.05 kg per cm? (15 psi). After opening a bottle of
stock solution, refrigerate the unused part. Discard
contaminated solution, indicated by slight turbidity or
precipitate.

Add 1.2 ml of this stock phosphate buffer solution to
1 liter of distilled water containing 0.1 percent Difco
peptone (0118), or equivalent. Dispense in milk dilu-
tion bottle in amounts that will provide 99 ml+2.0
after autoclaving at 121°C at 1.05 kg per cm? (15 psi)
for 20-30 minutes. Loosen caps or stoppers prior to
sterilizing, and tighten when bottles have cooled.

6. Collection

Samples for bacteriological examination must be
collected in bottles that have been carefully cleaned
and autoclaved for 20 minutes at 121°C at 1.05 kg per
cm? (15 psi). Sterilized milk dilution bottles are ideal
sample containers. When the sample is collected,
ample air space must be left in the bottle to facilitate
mixing of the sample by shaking. Care must be taken to
avoid contamination of the sample and sample bottle at
the time of collection and in the period prior to
analysis.

To insure maximum correlation of results, the sam-
ple sites and methods used for bacteria should corre-
spond as closely as possible to those selected for chem-
ical and plankton sampling. However, sampling for
bacteria at depth is complicated by the requirement to
avoid contamination of the deeper water layers by
bacteria carried from shallower depths on the inner
walls of the sampler.

The collection method will be determined by the
study objectives. In lakes, reservoirs, deep rivers, es-
tuaries, bacterial abundance may vary transversely,
with depth and with time of day. To collect a surface
sample from a stream or lake, open a sterile milk
dilution bottle, grasp it near its base, and plunge it,
neck downward, below the water surface. Allow the
bottle to fill by slowly turning the bottle until the neck
points slightly upward. The mouth of the bottle must
be directed into the current. If there is no current, as in
the case of a lake, a current should be created -artifi-
cially by pushing the bottle horizontally forward in a
direction away from the hand (American Public Health
Association and others, 1976, p. 965).

To collect a sample representative of the bacterial
concentration at a particular depth, use one of the
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water-sampling bottles discussed in 4.1 above. For
small streams, a point sample at a single transverse

position located at the centroid of flow may be ade-
quate (Goerlitz and Brown, 1972).

As soon as possible after collection, preferably
within 1 hour and not more than 6 hours, inoculate the
decimal dilutions of the sample into the lauryl tryptose
broth serum vials. Samples must be kept cool during
the time between collection and inoculation. If inocu-
lation is delayed, chill or refrigerate the sample but do
not freeze.

The volumes of decimal dilutions should be such
that, after incubation, both positive and negative re-
sults are obtained among the range of volumes. The
method fails if only positive or only negative results
are obtained with all volumes tested.

The following sample volumes are suggested:

1. Unpolluted raw surface waters: 0.1-, 1.0-, 10.0-,
and 50.0-ml samples will cover a MPN range
of <1 to =240 coliform organisms per 100 ml.

2. Polluted raw surface water: 0.0001-, 0.001-, 0.01-,
and 0.1-ml will cover a MPN range of 20 to
2.4x 108 coliform organisms per 100 ml.

7. Analysis

7.1 Set out five vials of lauryl tryptose broth for each
volume to be tested.

7.2 If the volume to be tested is 0.1 ml or more,
transfer the measured samples directly to the serum
vials using either sterile pipets, presterilized disposa-
ble hypodermic syringes, or other sterile measuring
device such as a graduated cylinder.

If the volume of original water sample is less than
0.1 ml, proceed as above after preparing appropriate
dilutions by adding the sample to a sterile milk dilution
bottle in the following amounts:

Dilution Volume of sample added Filter this volume

to 99 ml dilution bottle

1:1 1.0 mi original sample..._ 1.0
1:1,000______ 1.0 mlof 1:10 dilution____ 1.0
1:10,0 1.0 ml of 1:100 dilution_ _ . 1.0

ml of 1:1,000 dilution.
ml of 1:10,000 dilution.

Note: Use a sterile pipet or hypodermic syringe for
each vial. After each transfer between bottles, close
and shake the bottle vigorously 25 times. Diluted sam-
ples should be inoculated within 20 minutes after prep-
aration.

7.3 When using serum bottles with rubber stoppers,
proceed as follows: Remove the inserts from the metal

ml of 1:100 dilution. ™~

caps and swab the exposed area of the rubber septum
with a bit of cotton saturated with 70 percent ethanol or
isopropanol.

Carefully invert serum bottles so that the rubber
septum is at the bottom. Inoculate the medium with a
sterile hypodermic needle by carefully puncturing the
septum with the needle and inserting the needle only
until the beveled tip is inside the bottle. Discharge the
contents of the syringe into the bottle and withdraw the
syringe. Agitate the bottle gently to mix the contents.

Carefully return bottle to normal, upright position
with stopper at top. Make sure that inverted vial is
completely filled with medium and no residual bubbles
remain in the vial.

7.4 Clearly mark each set of serum vials indicating
location, time of collection, sample number, and sam-
ple volume. Code each vial for easy identification.

7.5 Place the inoculated vials in the incubator and
incubate at 35°+0.5°C for 24+2 hours. Culture vials
must be maintained in an upright position.

7.6 Remove vials from incubator and examine. Gas
in any amount in the inverted vial, even a pinhead size
bubble, constitutes a positive test. The appearance of
an air bubble must not be confused with actual gas
production. The broth medium will become cloudy
with actual fermentation and small bubbles of gas may
appear in the medium outside the durham tube when
serum vial is shaken gently (American Public Health
Association anr. others, 1976, p. 916).

7.7 Autocl:.ve all gas-positive vials for 15 minutes at
121°C at 1.05 kg per cm? (15 psi) before discarding.

7.8 Replace all gas-negative vials in incubator and
incubate for an additional 242 hours at 35°C =
0.5°C.

7.9 Remove vials from incubator and examine for
gas formation. Autoclave all vials of lauryl tryptose
broth as in 7.7 before discarding.

8. Calculations

Record the number of gas-positive vials occurring
over all sample volumes tested. When more than three
volumes are tested, the results from only three of these
are used in computing the MPN. To select the three
dilutions for the MPN index, proceed as follows: Take
as the first member the smallest sample volume in
which all tests are positive (no larger sample volume
giving any negative results) and the two next succeed-

.ing smaller sample volumes (American Public Health

Association and others, 1976, p. 923-926).
In the examples given below, the number in the
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numerator represents positive tubes; the denominator
represents the total number of tubes inoculated:

Decima! dilutions Combination
Example 1ml 0.1ml 0.01 ml 0.001 ml of positives .
a 5/5 5/5 2/5 0/s 5-2-0
b 5/5 4/5 2/5 0/5 5-4-2
c 0/5 1/5 0/5 0/5 0-1-0
d 55 3/5 1/5 1/5 5.3.2
e 5/5 3/5 2/5 0/5

In example c, the first three .dilutions should be
taken to place the positive results in the middle dilu-
tion. When a positive occurs in a dilution higher than
the three chosen according to the guideline, as in d, it
should be placed in the result for the highest chosen
dilution as in e.

A table giving MPN for various combinations of
positive and negative results when five 10-ml, five
1.0-ml, and five 0.1-ml dilutions are tested is shown in
table 1. If a series of decimal dilutions other than
10.0-, 1.0-, and 0.1-ml is used record the MPN as the
value from the table multiplied by a factor of 10 di-
vided by the volume in which all tests were positive.
MPN tables for other combinations of sample volumes
and number of tubes at each level of inoculation are

given by the American Public Health Association and
others (1976, p. 924-925).

9. Report

The coliform concentration is reported as MPN col-
iforms per 100 ml. Values less than 10, report whole
numbers; 10 or more, report two significant figures.

10. Precision

Unless large numbers of sample aliquots are used for
each decimal dilution, the precision of the MPN pro-
cedure is poor. Table 1 shows the 95 percent confi-
dence limits for various combinations of positive and
negative results when five 10-ml, five 1-ml, and five
0.1-ml dilutions are used.
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Confirmation of total coliform bacteria
(B-0045-77)

Parameter and code: Coliform, confirmed (MPN) 31505

1. Application
Because some members of the coliform group may

react atypically and not produce the characteristic.

sheen colonies, the identity of suspected coliform col-
onies should be verified. Geldreich, Jeter, and Winter
(1967) discussed verification and other aspects of the
membrane filter procedure.

Since coliform organisms are defined on the basis of
their ability to ferment lactose with gas formation
within 48 hours at 35°C, verification is readily accom-
plished by using the lactose fermentation tube method
described below. Only a minimum of special equip-
ment is needed. Ready-to-use sterile media are com-
mercially available.

The confirmation test is applicable to coliform col-
onies produced by the membrane filter method. Con-
firmation must be made as soon as possible after com-
pletion of the membrane filter method but not later than
24 hours.

2. Summary of method

Material from selected colonies on the membrane
filters is placed in tubes of sterile lactose broth and
incubated at 35°C for 48 hours. Material from tubes
showing gas formation within 48 hours is placed in
tubes of sterile brilliant green lactose bile broth. Gas
production in the brilliant green lactose bile broth
within 48 hours at 35°C confirms the presence of
coliform bacteria.

The confirmation procedure is compatible with the
procedure described by the American Public Health
Association and others (1976, p. 916-918).

3. Interferences

Certain noncoliform organisms can ferment lactose
with gas formation but their presence in this double
enrichment procedure is unlikely.

4. Apparatus

4.11Inoculating loop, platinum-iridium wire, 3 mm,
Brown & Sharpe gage 26, A. H. Thomas Co. (7012-
E20) or equivalent.

4.2 Bunsen burner, for sterilizing inoculating loop.

4.3 Culture tubes, flint glass, 16X 150 mm, Kimble
(73500) or equivalent, and culture tubes, flint glass,
6% 50 mm, Corning (9820) or equivalent, and test tube
caps, 16 mm, Scientific Apparatus (9468) or equiva-
lent.

4.4 Culture-tube rack, for 16-mm tubes, Thomas-
Kolmer or equivalent.

4.5 Incubator, capable of operating at a temperature
of 35°C+0.5°C, or water bath, capable of operating at
atemperature of 35°C+0.5°C, Curtin Matheson Scien-.
tific or equivalent.

4.6 Sterilizer, steam autoclave, Matheson Scientific
(59827-20) or Market Forge Sterilmatic or equivalent.

5. Reagents

5.1 Lauryl tryptose broth, prepackaged lauryl tryp-
tose broth in 16X 125 mm tubes with fermentation
shell, Hyland (056-143) or equivalent. Medium also
may be prepared according to American Public Health
Association and others (1976).

5.2 Brilliant green lactose broth, prepackaged bril-
liant green lactose broth in 16X 125 mm tubes with
fermentation shell, Hyland (056-039) or equivalent.
The medium also may be prepared according to
American Public Health Association. and others
(1976).

6. Collection
No sample collections are necessary.

7. Analysis

7.1The membrane filter method for total coliform
bacteria should be conducted according to procedures
described in this manual.
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7.2 From the incubated membrane filter, select a
colony or colonies to be confirmed for coliform bac-
teria.

7.3 Sterilize the inoculating loop by flaming in the
burner. The long axis of the wire should be held paral-
lel to the cone of the flame so that the entire end of the
wire and loop are heated to redness.

7.4 Remove from flame and allow the wire to cool
for about 10 seconds. Touch the loop lightly to the
colony. Part of the colony material will remain on the
wire.

7.5 Uncap a tube containing lauryl tryptose broth
and hold it at an angle of about 45°. Insert the loop with
colony material into the tube. Rub the wire loop and
attached bacteria against the side of the tube at the
liquid meniscus to disperse the bacteria in the liquid.

7.6 Recap the tube. Flame the loop and inoculate
additional tubes as above until all colonies to be tested
have been placed into broth in separate tubes. Place the
inoculated tubes in the test-tube rack and incubate at
35°+0.5°C for 242 hours. ‘

7.7 Remove tubes from incubator and examine. Gas
in any amount in the inverted vial constitutes a positive
test.

7.8 Using a sterile inoculating loop, transfer one
loopful of broth from each lauryl tryptose broth tube
showing gas to a series of tubes of sterile brilliant green
lactose broth. Sterilize the loop after each transfer.

7.9 Sterilize all gas-positive lauryl tryptose broth
tubes in the autoclave for 15 minutes at 121°C at 1.05
kg per cm? (15 psi) before discarding."

7.10 Incubate the brilliant green lactose broth tubes
at 35°+0.5°C for 48+3 hours.

7.11 Examine the remaining lauryl tryptose tubes.
Transfer one loopful of material from each tube pro-

ducing gas to a tube of brilliant green lactose broth as in
7.8 and continue as in 7.10.

If no gas appears in the lauryl tryptose broth tube
within 48 +3 hours, the original colony was not of the
coliform group.

Autoclave all tubes of lauryl tryptose broth as in 7.9
before discarding.

7.12 Examine tubes of brilliant green lactose broth
after 24+2 hours and 48+3 hours. The formation of
gas in any amount in the inverted vial constitutes a
positive confirmation for the presence of the coliform
bacteria. If no gas appears in the brilliant green lactose
broth tube within 48 +3 hours, the original colony was
not of the coliform group, even though gas was
produced in the lauryl tryptose broth tube.

7.13 Tubes of brilliant green lactose broth should be
autoclaved as in 7.9 before discarding.

8. Calculations
No calculations are necessary.

9. Report
Results of the coliform confirmation test are in-
cluded in the colony counts for total coliform bacteria.

10. Precision
No precision data are available.
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Fecal coliform bacteria

(membrane filter method)
(B-0050-77)

Parameter and code: Coliform, fecal,
0.7-um MF, M-FC media at
44.5°C (colonies/100 ml) 31625

1. Application

Fecal coliforms are that part of the coliform group
that is present in the intestines and feces of
warmblooded animals. They are capable of producing
gas from lactose in a suitable culture medium at
44.5°C. Bacterial organisms from other sources gen-
erally cannot produce gas in this manner (American
Public Health Association and others, 1976, p. 875-
877).

For the purpose of the method described below, the
fecal coliform group is defined as all organisms which
produce blue colonies within 24 hours when incubated
at 44.5°+0.2°C on M-FC medium. The nonfecal col-
iform colonies are gray to cream colored.

The method is applicable to fresh and saline waters.

2. Summary of method

The sample is filtered in the field immediately after
collection and the filter is placed on a nutrient medium
containing a color indicator. Filters are incubated for
24 hours in an incubator at a temperature of 44.5°C to
suppress growth of nonfecal coliform bacteria, thereby
selectively favoring growth of fecal coliforms.

3. Interferences

Suspended materials may not permit testing of sam-
ple volumes sufficient to produce significant results.
Fecal coliform colony formation on the filter may be
inhibited by high numbers of noncoliform colonies, by
the presence of algal filaments and detritus, or by toxic
substances.

Water samples with a high suspended-solids content
may be split between two or more membrane filters.
The multiple-tube method described by the American
Public Health Association and others (1976, p. 922)

will give the most reliable results under conditions of
high suspended solids content, when fecal coliform
counts are low.

4. Apparatus

All materials used in bacteriological testing must be
free of agents which inhibit bacterial growth.

4.1 Water-sampling bottle. Samplers for obtaining
water samples under sterile conditions are marketed by
General Oceanics, Inc., Hydro Products, Kahl Scien-
tific Instrument Corp., and others. A metallic water
sampler, lowered at a speed of 1 m/s, may be effective
for sterile collection of water samples (Kriss and
others, 1966). Metallic water-sampling bottles are
available from Wildlife Supply Co. (1050 or 1200);
Kahl Scientific Instrument Corp. (130WA100); In-
terOcean Systems, Inc. (206); Foerst Mechanical Spe-
cialties Co. (Improved Water Sampler, Kemmerer-
type); or equivalent.

4.2 Incubator with temperature of 44.5°+0.2°C is
required. A Portable Heaterblock Incubator (fig. 6),
Millipore (XX63 004 00) or equivalent, may be used
both in the field and in the laboratory.

4.3 Filter-holder assembly, Millipore (XX63 001
20) or equivalent, and all-metal syringe and two-way
valve, Millipore (XX62 000 35) or equivalent.

4.4 Membrane filters, white, grid, sterile packed,
0.7-pm pore size, 47-mm diameter Millipore (HCWG
047 Sl) or equivalent; absorbent pads, Millipore
(APIO 047 SO) or equivalent.

4.5 Plastic petri dishes with covers, disposable,
sterile, 50X 12 mm, Millipore (PD10 047 00) or equiv-
alent.

-4.6 Forceps, stainless steel, smooth tips, Millipore
(XX62 000 06) or equivalent.
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Figure 6.—Portable heaterblock incubator. (Photograph courtesy of Millipore Corp., Bedford, Mass.)

4.7 Microscope, binocular wide-field dissecting-
type, Bausch & Lomb (31-26-29-73) or equivalent,
with fluorescent lamp, Bausch & Lomb (31-33-63) or
equivalent.

4.8 Sterilizer, steam autoclave, Curtin Matheson
Scientific (209-536) or Market Forge Sterilmatic or
equivalent.

4.9 Bottles, milk dilution, APHA, Pyrex or Kimax,
with screwcaps.

4.10 Pipets, 1.0-ml capacity, sterilized, disposable,
glass or plastic with cotton plugs, Millipore (XX63
001 35) or equivalent, or sterile, disposable, 1.0-ml
hypodermic syringes.

4.11 Pipets, 11.0-ml capacity, Corning (7057) or
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equivalent. Wrap the pipets in kraft paper and sterilize
in the autoclave, or place in a pipet box, Curtin Mathe-
son Scientific or equivalent, and heat in an oven at
170°C for 2 hours. Presterile, disposable, 10.0-ml
pipets may be used.

4.12 Propipet for use with 1.0-, 10.0-, and 11.0-ml
pipets.

4.13 Plastic bags, sealable, waterproof, Nasco,
Whirl-Pak (B736N), or equivalent.

4.14 Thermometer, with range of at least 40°-
100°C, Brooklyn Thermometer Co. (6410Y) or equiv-
alent.

5. Reagents

5.1 M-FC broth: Add 0.74 g M-FC broth, Difco
(0883) or equivalent, to 20 ml distilled water. Add 0.2
ml rosolic acid solution to the M-FC broth and stir.
Place beaker containing broth in boiling water bath for
3 minutes, or less. If medium begins to boil, promptly
remove from heat and cool.

Refrigerate the finished medium until used; storage
should not exceed 72 hours; preferably the media
should not be stored for more than 24 hours.

5.2M-FC agar: Add 5.2 g M-FC agar, Difco 0677
or equivalent, to 100 ml distilled water. Heat to boiling
with constant stirring, then add 1 ml rosolic acid solu-
tion. Continue heating for a maximum of 1 minute,
then remove from heat and allow to cool to 50°C. Pour
to a depth of 4 mm (6-7 ml) in 50-mm petri dish
bottoms. When the medium solidifies, store the pre-
pared petri dishes at 2°~10°C for a maximum of 72
hours; preferably the medium should not be stored for
more than 24 hours.

5.3 Rosolic acid solution: Add 10 ml of 0.2 N
sodium hydroxide (NaOH) to 0.10 g of rosolic acid
crystals, Difco (3228), or equivalent. Stir vigorously
to dissolve. Do not heat. Store in the dark at room
temperature for a maximum of 3 weeks. Discard if
color changes from deep red to orange.

5.4 Buffered dilution water: Dissolve 34.0 g potas-
sium dihydrogen phosphate (KH,PO,) in 500 ml dis-
tilled water. Adjust to pH 7.2 with 1 N sodium hyd-
roxide (NaOH). Dilute to 1 liter with distilled water.
Sterilize in dilution bottles for 20 minutes at 121°C at
1.05 kg per cm? (15 psi). After opening a bottle of
stock solution, refrigerate the unused part. Discard
contaminated solutions, indicated by slight turbidity or
precipitate accumulation.

Auu 1.2 un L1 uus STOCK phosphate buffer solution to
1 liter of distilled water containing 0.1 percent Difco
peptone (0118), or equivalent. Dispense in milk dilu-

tion bottles in amounts that will provide 99 ml=2.0
after autoclaving at 121°C at 1.05 kg per cm? (15 psi)
for 20-30 minutes. Loosen caps or stoppers prior to
sterilizing, and tighten when bottles have cooled.

5.5 Ethyl alcohol: 95 percent denatured or absolute
ethyl alcohol for sterilizing equipment. Absolute
methanol may be used for sterilization.

5.6 Methyl alcohol: Absolute, for sterilizing filter
holder assembly.

6. Collection

Samples for bacteriologic examination must be col-
lected in bottles that have been carefully cleansed and
autoclaved for 20 minutes at 121°C at 1.05 kg per cm?®
(15 psi). Sterilized milk dilution bottles are ideal sam-
ple containers. When the sample is collected, ample air
space must be left in the bottle to facilitate mixing of
the sample by shaking. Care must be taken to avoid
contamination of the sample and sample bottle at the
time of collection and in the period prior to analysis.

To insure maximum correlation of results, the sam-
ple sites and methods used for bacteria should corre-
spond as closely as possible to those selected for chem-
ical and plankton sampling. However, sampling for
bacteria at depth is complicated by the necessity to

‘avoid contamination of the deeper water layers by

bacteria carried from shallower depths on the inner
walls of the sampler.

The sample collection method will be determined by
the study objectives. In lakes, reservoirs, deep rivers,
and estuaries, bacterial abundance may vary trans-
versely, with depth, and with time of day. To collect a
surface sample from a stream or lake, open a sterile
milk dilution bottle, grasp it near its base, and plunge
it, neck downward, below the water surface. Allow the
bottle to fill by slowly turning the bottle until the neck
points slightly upward. The mouth of the bottle must
be directed into the current. If there is no current, as in
the case of a lake, a current should be artificially
created by pushing the bottle horizontally forward in a
direction away from the hand (American Public Health
Association and others, 1976, p. 965).

To collect a sample representative of the bacterial
concentration at a particular depth, use one of the
water-sampling bottles discussed in 4.1 above. For
small streams, a point sample at a single transverse
position located at the centroid of flow may be ade-
quate (Goerlitz and Brown, 1972).

As soon as possible after collection, preferably
within 1 hour and not more than 6 hours, filter the
sample and place the membrane filter on growth
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“medium as described in 7.5-7.10 below. Samples
must be kept cool during the time between collection
and filtration. If filtration is delayed, chill or refriger-
ate the sample, but do not freeze.

The volume of sample to be filtered should be such
that after incubation one of the membrane filters will
contain from 20 to 60 fecal coliform colonies.

The following sample volumes are suggested for
filtration:

1. Unpolluted raw surface waters: 0.1-, 0.3-, 0.9-,
2.7-, 8.1-, 24.3-, and 72.9-ml samples;

2. Polluted raw surface waters: 0.01-, 0.03-, 0.1-,
0.3-, 0.9-, and 2.7-ml samples.

7. Analysis

7.1 If using M-FC broth, place a sterile absorbent
pad on the bottom (larger half) of each sterile plastic
petri dish using sterilized forceps. Proceed to 7.3 if
M-FC agar is to be used.

Note: Dip forceps in alcohol, pass through flame to
ignite alcohol, and allow to burn out. Do not hold
forceps in flame.

7.2 Saturate each pad with about 2 ml of M-FC broth
and tip the petri dish to expel excess liquid. Replace
petri dish tops.

7.3 Sterilize filter apparatus. In the laboratory, the
funnel and filter base may be wrapped separately in
kraft paper packages and sterilized in the autoclave for
15 minutes at 121°C at 1.05 kg per cm? (15 psi). Cool
to room temperature before use.

Field sterilization of filter apparatus should be in
accordance with the manufacturer’s instructions. Au-
toclave sterilization in the laboratory prior to the field
trip is preferred. '

7.4 Assemble filtration equipment, and, using
sterilized forceps, place a sterile membrane filter over
the porous plate of the apparatus, grid side up. Place
funnel on filter with care to avoid tearing or creasing
the membrane. _

7.5 If the volume of sample to be filtered is 10 ml or
more, transfer the measured sample directly onto the
dry membrane.

If the volume of sample is between 1.0 ml and 10
ml, pour about 20 ml of sterilized buffer dilution water
into the funnel before transferring the measured sam-
ple onto the membrane. This facilitates distribution of
organisms.

If the volume of original water sample is less than
1.0 ml, proceed as above after preparing appropriate
dilutions by adding the sample to a sterile milk dilution
bottle in the following amounts:

Dilution Volume of sample added Filter this volume
to 99 ml dilution bottle
1:10_______. 11.0 m! original sample____ 11.0 ml of 1:10 dilution.
1:100. ... ___ 1.0 ml original sample..__ 1.0 ml of 1:100 dilution.
1:1,000______ 1.0 ml of 1:10 dilution_ __ . 1.0 ml of 1:1,000 dilution.
1:10,000_____ 1.0 ml of 1:100 dilution_ _ . 1.0 ml of 1:10,000 dilution.

Note: Use a sterile pipet or hypodermic syringe for
each bottle. After each transfer between bottles, close
and shake the bottle vigorously at least 25 times. Di-
luted samples should be filtered within 20 minutes
after preparation.

7.6 Apply vacuum and filter sample. When vacuum
is applied with a syringe fitted with a two-way valve,
proceed as follows: Attach the filter assembly to the
inlet of the two-way valve with plastic tubing. Draw

the syringe plunger very slowly on the initial stroke to-

avoid the danger of air lock before the filter assembly
fills with water. Push the plunger forward to expel air
from the syringe. Continue until the entire sample has
been filtered. If the filter balloons or develops bubbles
during sample filtration, disassemble the two-way
valve and lubricate the rubber valve plugs lightly with
stopcock grease.

7.7 Rinse sides of funnel twice with 20-30 ml of
sterile buffered dilution water while applying vacuum.

7.8 Remove funnel from receptacle and place upside
down on a clean surface. ’

7.9 With flame-sterilized forceps remove the mem-
brane filter from the filter base and place it on the agar
surface or on the broth-soaked absorbent pad in the
plastic petri dish, grid side up, using a rolling action at
one edge. Use care to avoid trapping air bubbles under

" the membrane.

7.10 Place top on petri dish and proceed with filtra-
tion of the next volume of water. Filter in order of
increasing sample volume, rinsing with sterile buf-
fered dilution water between filtrations.

7.11 Clearly mark the lid of each plastic dish indicat-
ing location, time of collection, time of incubation,
sample number and sample volume as appropriate.
Use a waterproof felt-tip marker or grease pencil.

7.12 Inspect the membrane in each petri dish for
uniform contact with the medium. If air bubbles are
present under the filter (indicated by bulges), remove
the filter with sterile forceps and roll onto the absorbent
pad again.

7.13 Close the plastic petri dish by firmly pressing
down on the top.

7.14 Place each petri dish in a waterproof plastic bag
or seal the dish with waterproof plastic tape if using a
waterbath incubator.

7.15 Incubate the filters in the petri dishes in an
inverted position in an incubator at 44.5°+0.2°C for
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22+2 hours. Begin incubation within 20 minutes after
placing membrane filter on the M-FC medium.

7.16 Remove the filters and count the fecal coliform
colonies (blue color) within 20 minutes after the dishes
have been removed from the incubator. M-FC medium
is very selective and growth of colonies other than
fecal coliform is inhibited. Colonies that are not fecal
coliform will be gray to cream colored. The color plate
in Millipore Corp. (1973, p. 42) may be helpful in
identifying fecal coliform colonies. The counts are
best made with the aid of a X 10 to X 15 magnifica-
tion.

7.17 Autoclave all cultures at 121°C for 15 minutes
at 1.05 kg per cm? (15 psi) before discarding.

8. Calculations
8.1 For colony counts between the ideal of 20 and
60, use the formula:

Fecal coliform colonies/100 m]
fecal coliform colonies counted X 100
vol. of original sample filtered (ml)

8.2 Counts less than the ideal of 20 colonies or
greater than 60 colonies per filter should be reported as
number per 100 ml, followed by the statement, ‘‘Esti-
mated count based on nonideal colony count.’’

8.3 If no filters develop characteristic fecal coliform
colonies, calculate assuming that the largest sample
volume filtered had one fecal coliform colony. Report
as less than that calculated number per 100 ml.

8.4 If all filters bear colonies too numerous to count,
aminimum estimated value can be reported. Assume a
count of 60 coliform colonies on the smallest filtered
volume, then calculate according to the formulain 8.1.
Report as greater than (>) the calculated value.

8.5 Sometimes two or more filters of a series will
produce colony counts within the recommended count-
ing range. Colony counts should be made on all such

filters. The method for calculating and averaging is as
follows:

Volume filter 1
<+ Volume filter 2

Volume sum

Colony count filter 1
+ Colony count filter 2

Colony count sum

Fecal coliform colonies/100 ml
_ colony count sum X 100

vol. sum (ml)

Note: Do not calculate the fecal coliform colonies
per 100 ml for each volume and then average the
results.

9. Report

The fecal coliform concentration is reported as fecal
coliform colonies per 100 ml. Values less than 10,
report whole numbers; 10 or more, report two signifi-
cant figures.

10. Precision

No numerical precision data are available. Howev-
er, the method gives 93 percent accuracy for differ-
entiating between coliforms of warm-blooded animals
and coliforms from other sources (American Public
Health Association and others, 1976, p. 937).
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Fecal streptococcal bacteria

(membrane filter method)
(B-0055-77)

Parameter and code: Streptococci,
fecal, MF, KF agar (colonies/100 ml)
31673

1. Application

Fecal streptococci are being used increasingly as
indicators of significant contamination of water be-
cause the normal habitat of these organisms is the
intestine of man and animals. Fecal streptococcal data
verify fecal pollution and may provide additional in-
formation concerning the recency and probable origin
of pollution.

The method is applicable to most types of waters.

2. Summary of method
The sample is filtered in the field immediately after
- collection and the filter is placed on a nutrient medium

designed to promote the growth of fecal streptococci

and to suppress the growth of other organisms. After
incubation at 35°C for 48 hours, the red or pink col-
onies are counted.

3. Interferences

Suspended materials may not permit testing of sam-
ple volumes sufficient to produce significant results.
Streptococcal colony formation on the filter may be
inhibited by high numbers of nonstreptococcal col-
onies, by the presence of algal filaments and detritus,
or by toxic substances.

Water samples with a high suspended-solids content
may be divided between two or more membrane fil-
ters. The multiple tube method described by the
American Public Health Association and others (1976,
p. 942-944) will give the most reliable results under
conditions of high suspended-solids content, when
streptococcal counts are low.

4. Apparatus
All materials used in bacteriological testing must be
free of agents which inhibit bacterial growth.

The following apparatus list assumes the use of a
field kit for bacteriological water tests such as the
Portable Water Laboratory, Millipore (XX63 001 50),
or equivalent. If other means of sample filtration are
used, refer to the manufacturer’s instructions for
proper operation of the equipment. Items marked with
an asterisk (*) in the list below are included in the
Portable Water Laboratory (fig. 3).

4.1 Water-sampling bottle. Samplers for obtaining
water samples under sterile conditions are marketed by
General Oceanics, Inc., Hydro Products, Kahl Scien-
tific Instrument Corp., and others. A metallic water
sampler, lowered at a speed of 1 m/s, may be effective
for sterile collection of water samples (Kriss and
others, 1966). Metallic water-sampling bottles are
available from Wildlife Supply Co. (1050 or 1200);
Kahl Scientific Instrument Corp. (130WA100); In-
terOcean Systems, Inc. (206); Foerst Mechanical Spe-
cialties Co. (Improved Water Sampler, Kemmerer
type); or equivalent.

4.2 Filter-holder assembly, Millipore (XX63 001
20*). or equivalent, and syringe and two-way valve,
Millipore (XX62 000 35*) or equivalent.

4.3 Membrane filters, white, grid, sterile packed,
0.45- or 0.7-um mean pore size, 47-mm diameter,
Millipore (HAWG 047 SO or HCWG 047 Sl), or
equivalent.

4.4 Plastic petri dishes with covers, disposable,
sterile 50X 12 mm, Millipore (PD10 047 00*) or
equivalent.

4.5 Forceps, stainless steel, smooth tips, Millipore
(XX62 000 06*) or equivalent.

4.6 Incubator for operation at a temperature of
35°+0.5°C. A portable incubator as provided in the
Portable Water Laboratory, Millipore (XX63 001
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50*), or equivalent, which operates on either 110 volts
a.c. or 12 volts d.c., is convenient for field use. A
larger incubator with a more precise temperature regu-
lation, National Appliance (320) or equivalent, is
satisfactory for laboratory use.

4.7 Microscope, binocular wide-field dissection-

type, Bausch & Lomb (31-26-29-73) or equivalent,
with fluorescent lamp, Bausch & Lomb (31-33-63) or
equivalent.

4.8 Sterilizer, steam autoclave, Curtin Matheson
Scientific (209-536) or Market Forge Sterilmatic or
equivalent.

4.9 Bottles, milk dilution, APHA, Pyrex or Kimax,
with screwcaps.

4.10 Pipets, 1.0-ml capacity, presterilized, dispos-
able, glass or plastic with cotton plugs, Millipore
(XX63001 35*) or equivalent, or sterile, disposable,
1.0-ml hypodermic syringes.

4.11 Pipets, 11.0-ml capacity, Corning (7057) or
equivalent. Wrap the pipets in kraft paper and sterilize
in the autoclave, or place in a pipet box, Matheson
Scientific (55930-20) or equivalent, and heat in an
oven at 170°C for 2 hours. Presterile, disposable,
10.0-ml pipets may be used.

4.12 Propipet for use with 1.0-, 10.0-,and 11.0-ml
pipets.

4.13 Thermometer, with range of at least 40°
-100°C, Brooklyn Thermometer Co. (6410Y) or
equivalent.

5. Reagents

5.1 KF Streptococcus agar: Suspend 7.64 g KF
Streptococcus agar, Difco (0496), BBL (11312), or
equivalent in a 125-ml screw cap erlenmeyer- flask
containing 100 m! of distilled water. Stir and heat to
boiling. Once boiling starts, heat at this temperature an
additional 5 minutes. Remove from heat and cool to
50°-60°C. Add 1 ml of 1 percent TTC solution after the
medium has cooled below 60°C. If commercially ob-
tained 1 percent sterile TTC solution is to be used,
swab the rubber septum atop the vial with 95 percent
ethanol. Remove 1.0 ml with a sterile, disposable
2.5-ml hypodermic syringe equipped with a 20-24
gauge X 38-mm needle. When the medium has cooled
to approximately 50°C, it should be poured into
12X 50-mm petri dishes to a depth of 4 mm (6-7 ml).
After solidification occurs, the prepared plates should
be stored in a refrigerator for no longer than 2 weeks if
sterile TTC was used. If unsterilized TTC was used,
the prepared plates cannot be stored over 24 hours prior
to use.

5.2 Buffered dilution water: Dissolve 34.0 g potas-
sium dihydrogen phosphate (KH,PO,) in 500 ml distil-
led water. Adjust to pH 7.2 with 1 N sodium hydroxide
(NaOH). Dilute to 1 liter with distilled water. Sterilize
in dilution bottles for 20 minutes at 121°C at 15 psi.
After opening a bottle of stock solution, refrigerate the
unused part. Discard contaminated solutions, indi-
cated by slight turbidity or precipitate accumulation.

Add 1.2 ml of this stock phosphate buffer solution to
1 liter of distilled water containing 0.1 percent Difco.
peptone (0118), or equivalent. Dispense in milk dilu-
tion bottles in amounts that will provide 99 mi+2.0
after autoclaving at 121° at 1.05 kg per cm? (15 psi) for
20-30 minutes. Loosen caps or stoppers prior to
sterilizing, and tighten when bottles have cooled.

5.3 Ethyl alcohol: 95 percent denatured or absolute
ethyl alcohol for sterilizing equipment. Absolute
methanol may be used for sterilization.

5.4 Methyl alcohol: absolute, for sterilizing filter
holder assembly.

5.5 TTC solution: 1 percent sterile solution is pre-
pared by dissolving 0.1 g triphenyltetrazolium
chloride Difco (0643) or equivalent in 10 ml of distil-
led water. The solution is aseptically filtered through a

. 0.45-pum membrane filter. Sterile 1 percent TTC solu-

tion also is available from commercial sources, Difco
(3112), BBL (11924), or equivalent. Store sterilized
TTC solution at 2°-8°C in darkness and discard after
container has been opened for 1 month or if contamina-
tion occurs, as indicated by color change or turbidity.
As an expedient, freshly prepared unsterilized TTC
solution may be substituted if the KF medium will be
used promptly. TTC solution cannot be sterilized by
heat.

6. Collection

Samples for bacteriologic examination must be col-
lected in bottles that have been carefully cleansed and
autoclaved for 20 minutes at 121°C at 1.05 kg per cm?
(15 psi). Sterilized milk dilution bottles are ideal sam-
ple containers. When the sample is collected, ample air
space must be left in the bottle to facilitateé mixing of
the sample by shaking. Care must be taken to avoid
contamination of the sample and sample bottle at the
time of collection and in the period prior to analysis.

To insure maximum correlation of results, the sam-
ple sites and methods used for bacteria should corre-
spond as closely as possible to those selected for chem-
ical and plankton sampling. However, sampling for
bacteria at depth is complicated by the requirement to
avoid contamination of the deeper water layers by
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bacteria carried from shallower depths on the inner
walls of the samplers.

The sample collection method will be determined by
the study objectives. In lakes, reservoirs, deep rivers,
and estuaries, bacterial abundance may vary trans-
versely, with depth, and with time of day. To collect a
surface sample from a stream or lake, open a sterile
milk dilution bottle, grasp it near its base, and plunge
it, neck downward, below the water surface. Allow the
bottle to fill by slowly turning the bottle until the neck
points slightly upward. The mouth of the bottle must
be directed into the current. If there is no current, as in
the case of a lake, a current should be artificially
created by pushing the bottle horizontally forward in a
direction away from the hand (American Public Health
Association and others, 1976, p. 905).

To collect a sample representative of the bacterial
concentration at a particular depth, use one of the
water-sampling bottles discussed in 4.1 above. For
small streams, a point sample at a single transverse
position located at the centroid of flow may be ade-
quate (Goerlitz and Brown, 1972). As soon as possible
after collection, preferably within 30 minutes and not
more than 6 hours, filter the sample and place the
membrane filter on growth media as described in 7.5—
7.10 below. Samples must be kept cool during the time
between collection and filtration. If filtration is de-
layed, ice or refrigerate the sample, but do not freeze.

Fecal streptococci generally are present in fewer
numbers than coliform bacteria; therefore, the filtered
volume of sample must be larger than that used for
other bacterial determinations. When filtering water of
unknown quality, the following sample volumes are
suggested: 0.05, 0.25, 1.25, 6.25, 31.25 and 100.0
ml.

7. Analysis

7.1 Pour agar medium at 45°-50°C into bottom
(iarger half) of each sterile plastic petri dish to a depth
of about 4 mm (6-7 ml). Pads are not used. Replace
petri dish tops.

7.2 Sterilize filter apparatus. In the laboratory, the
funnel and filter base may be wrapped separately in
kraft paper packages and sterilized in the autoclave for
15 minutes at 121°C at 1.05 kg per cm? (15 psi). Cool
to room temperature before use. .

Field sterilization of filter apparatus should be in

accordance with the manufacturer’s instructions. Au-
toclave sterilization in the laboratory prior to the field
trip is preferred.

7.3 Assemble filtration equipment and, using
flamed forceps, place a sterile membrane filter over the

porous plate of the apparatus, grid side up. Place
funnel on filter with care to avoid tearing or creasing
the membrane.

7.4 If the volume of sample to be filtered is 10 ml or
more, transfer the measured sample directly onto the
dry membrane.

If the volume of sample is between 1.0 ml and 10
ml, pour about 20 ml of sterilized buffered dilution
water into the funnel before transferring the measured
sample onto the membrane. This facilitates
distribution of organisms.

If the volume of original water sample is less than
1.0 ml, proceed as above after preparing appropriate
dilutions by adding the sample to a sterile milk dilution
bottle in the following amounts: '

Dilution Volume of sample added Filter this volume
to 99 mi dilution bottle
1:10_ ... ___. 11.0 ml original sample_._. 11.0 ml of 1:10 dilution,
1:100. .. _._. 1.0 m! original sample_... 1.0 ml of 1:100 dilution.
1:1,000______ 1.0 mlof 1:10 dilution_ ... 1.0 mlof 1:1,000 dilution.
1:10,000_____ 1.0 m! of 1:100 dilution_ .. 1.0 mi of 1:10,000 dilution.

Note: Use a sterile pipet or hypodermic syringe for
each bottle. After each transfer between bottles, close
and shake the bottle vigorously at least 25 times. Di-
luted samples should be filtered within 20 minutes
after preparation.

7.5 Apply vacuum and filter the sample. When
vacuum is applied with a syringe fitted with a two-way
valve, proceed as follows. Attach the filter assembly to
the inlet of the two-way valve with plastic tubing.
Draw the syringe plunger very slowly on the initial
stroke to avoid the danger of airlock before the filter
assembly fills with water. Push the plunger forward to
expel air from the syringe. Continue until the entire
sample has been filtered. If the filter balloons or devel-
ops bubbles during sample filtration, disassemble the
two-way valve and lubricate the rubber valve plugs
lightly with stopcock grease.

7.6 Rinse sides of funnel twice with 20-30 ml of
sterile buffered dilution water while applying vacuum.

7.7 Remove funnel from receptacle and place upside
down on a clean surface.

7.8 With flame-sterilized forceps remove the mem-
brane filter from the filter base and place it on the agar
medium in the plastic petri dish, grid side up, using a
rolling action at one edge. Use care to avoid trapping
air bubbles under the membrane.

7.9 Place top on petri dish and proceed with filtra-
tion of the next volume of water. Filter in order of
increasing sample volume, rinsing with sterile buf-
fered dilution water between filtrations.

7.10 Clearly mark the lid of each plastic dish indicat-
ing location, time of collection, time of incubation,
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sample number, and sample volume. Use a waterproof
felt-tip marker or grease pencil.

7.11 Inspect the membrane in each petri dish for
uniform contact with the medium. If air bubbles are
present under the filter (indicated by bulges), remove
the filter with sterile forceps and roll onto the medium
again.

7.12 Close the plastic petri dish by firmly pressing
down on the top.

7.13 Incubate the petri dishes with filters in an
inverted position (agar and filter at the top) for 48+2
hours at 35°+0.5°C.

7.14 Remove filters and count all red or pink col-
onies as fecal streptococci. The color plate in Millipore
Corp. (1973, p. 42) may be helpful in identifying fecal
streptococcal colonies. The counts are best made with
the aid of X 10to X 15 magnification. Illumination is
not critical.

7.15 Autoclave all cultures at 121°C for 15 minutes
at 1.05 kg per cm? (15 psi) before discarding.

8. Calculations
8.1 For colony counts between the ideal of 20 and
100, use the formula:

Fecal streptococéal colonies/100 ml

_ fecal streptococcal colonies counted X 100

vol. of original sample filtered (ml)

8.2 Counts less than the ideal of 20 colonies or
greater than 100 colonies per filter should be reported
as number per 100 ml, followed by the statement,
‘‘Estimated count based on nonideal colony count.’’

8.3 If no filters develop characteristic fecal strep-
tococcal colonies, calculate assuming that the largest
sample volume filtered had one fecal streptococcal
colony. Report as less than that calculated number per
100 ml. ‘

8.4 If all filters bear colonies too numerous to count,
a minimum estimated value can be reported. Assume a
count of 100 fecal streptococci colonies on the smallest

filtered volume, then calculate according to the for-
mula in 8.1. Report as greater than (>) the calculated
value.

8.5 Sometimes two or more filters of a series will
produce colony counts within the recommended count-
ing range. Colony counts should be made on all such
filters. The method for calculating and averaging is as
follows:

Volume filter 1
+ Volume filter 2

Colony count filter 1
+ Colony count filter 2

Colony count sum

Volume sum

Fecal streptococcal colonies/100 ml
_ colony count sum X 100
h vol. sum (ml)

Note: Do not calculate the fecal streptococcal col-
onies per 100 ml for each volume filtered and then
average .the results.

9. Report

The fecal streptococcal concentration is reported as
fecal streptococcal colonies per 100 ml. Values less
than 10, report whole numbers; 10 or more, report two
significant figures.

10. Precision
No numerical precision data are available.
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Confirmation of fecal streptococcal bacteria
(B-0060-77)

Parameter and code: Not applicable

1. Application

KF agar medium is selective for the growth of fecal
streptococci. A few other types of bacteria, chiefly
non-fecal streptococci, may appear occasionally on
this medium. Colonies of non-fecal streptococci are
typically very small, but exhibit the characteristic red
or pink coloration and would be counted as fecal strep-
tococci in the membrane filter method. In case of
doubt, identity of material from suspected colonies
may be confirmed according to- this procedure.

The fecal streptococcal bacteria are distinguished
from other bacteria by having the following three
characteristics: (1) they lack the enzyme catalase; (2)
they can grow at 45°C; (3) they grow in 40 percent bile.
The confirmation procedure uses these three charac-
teristics as criteria for identification. The procedure is
similar to that given by the American Public Health
Association and others (1976, p. 945).

The confirmation test is applicable to fecal strep-
tococcal colonies produced by the membrane filter
method. Confirmation must be made as soon as possi-
ble after completion of the membrane filter method,
but not later than 24 hours.

2. Summary of method

Cells from colonies to be tested are streaked on
brain-heart infusion agar slants. Cells from the slants
are tested for the presence of catalase and for the ability
to grow at 45°C and in the presence of 40 percent bile.
Absence of catalase, growth at 45°C and in 40 percent
bile broth constitute a positive test for fecal strep-
tococci. Presence of catalase or failure to grow at 45°C
or in bile broth indicate that the original colony was not
of the fecal streptococcal group.

3. Interferences
As far as is known, only fecal streptococci show the
pattern of results described below.

4. Apparatus

4.1 Inoculating loop, platinum-iridium wire, 3mm,
Brown and Sharpe gage 26, A. H. Thomas Co.
(7012-E20) or equivalent.

4.2 Bunsen burner, for sterilizing inoculating loops.

4.3 Culture tubes, flint glass, 16X 150 mm, Kimble
(73500) or equivalent and test tube caps, 16 mm,
Scientific Apparatus (9468) or equivalent.

4.4 Culture tube rack, for 16-mm tubes, Thomas-
Kolmer or equivalent.

4.5 Incubator, capable of maintaining temperature
of 35°-45°+0.5°C, National Appliance (320) or
equivalent.

4.6 Sterilizer, steam autoclave, Market Forge
Sterilmatic or equivalent.

4.7 Microscope slides, glass, 76X25 mm.

5. Reagents

5.1 Brain-heart infusion agar: Add 52.0 gof brain-
heart infusion agar, Difco (0418) or equivalent, to
1,000 ml of distilled water. Heat with vigorous stirring
until solution becomes clear. Remove from heat im-
mediately upon clearing. Place 5 ml of hot solution in
each of about 12 16X 150 mm tubes. (Caution: do not
allow solution to cool below 45°C or it will solidify.)
Cap each tube. Sterilize at 121°C at 1.05 kg per cm?
(15 psi) for 15 minutes. Remove from sterilizer and set
tubes of molten agar at an angle of about 20° from the
horizontal (fig. 7). Allow to cool until solid.

5.2 Brain-heart infusion broth: Add 37 g of brain-
heart infusion, Difco (0037) or equivalent, to 1,000 ml
of distilled water. Stir until dissolved. Place 6 ml of
broth in each of another 12 16X 150 mm tubes. Cap
each tube. Sterilize at 121°C at 1.05 kg percm? (15 psi)
for 15 minutes.

5.3 Brain-heart mfuswn—40 percent bile broth Add
37 g brain-heart infusion to 1,000 ml of water. Stir
until dissolved. Place 6 ml of brain-heart infusion
broth in each of another 1216 X 150 mm stainless steel
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Figure 7—Preparation of agar slant.

capped culture tubes. Sterilize at 121°C at 1.05 kg per
cm? (15 psi) for 15 minutes.

Add 100 g of oxgall, Difco (0128) or equivalent, to
1,000 ml of water. Stir until dissolved. Place 4 ml of 10
percent oxgall solution in each of another 12 16X 150
mm stainless steel capped culture tubes. Sterilize at
121°C at 1.05 kg per cm? (15 psi) for 15 minutes.

Remove the caps from a tube of sterile 10 percent
oxgall solution and a tube of sterile brain-heart infu-
sion broth. Quickly pour the oxgall solution into the
brain-heart infusion broth tube and recap.

5.4 Hydrogen peroxide solution, 3 percent.

5.5 Potassium iodide, crystals.

6. Collection
No sample collections are necessary

7. Analysis

7.1 The membrane filter method for fecal strep-
tococcal bacteria should be conducted.

7.2 From the incubated membrane filter select a
colony or colonies to be confirmed for fecal strep-
tococcal bacteria.

7.3 Sterilize the inoculating loop by flaming in the
burner. The long axis of the wire should be held paral-
lel to the cone of the flame so that the entire end of the

wire and loop are heated to redness. Remove from
flame and allow the wire to cool for about 10 seconds.
Do not allow the loop to contact any foreign surface
during the cooling period. When cool, touch the loop
lightly to a single colony. Part of the colony material
will adhere to the wire.

7.4 Uncap a brain-heart infusion agar slant and hold
it at an angle of about 45° with the flat surface of the
slant upward (fig. 8). Insert the loop with colony
material into the tube. Starting at the base of the slant,
lightly rub the loop against the agar working toward the
top in a zig-zag pattern (fig. 8).

7.5 Recap the tube. Flame the loop and inoculate
additional tubes as above until all colonies to be tested
have been placed on agar in separate tubes. Place the
inoculated tubes in the test tube rack and incubate at
35°+0.5 °C for 24-48 hours.

7.6 Remove the tubes from the incubator and
examine. Growth will be evident as a translucent,
glistening film on the surface of the agar.

7.7 Test the potency of the hydrogen peroxide solu-
tion by placing a few milliliters in a test tube and
adding a few potassium iodide crystals. A brown col-
oration and the appearance of bubbles in the solution

Figure 8—Method of streaking on an agar slant.
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indicates that the hydrogen peroxide solution is ac-
ceptable for use. If otherwise, discard and obtain a
fresh hydrogen peroxide solution.

7.8 Flame the loop and allow to cool. Immediately
uncap a tube of brain-heart infusion agar having
growth. Remove a loopful of growth from the culture
tube and smear on a clean glass slide. Add a few drops
of freshly tested 3 percent hydrogen peroxide solution
to the material on the slide. Immediately observe the
slide for bubble formation. Observation of bubble
formation may be facilitated by use of a low power
microscope. The absence of bubbles constitutes a
negative catalase test indicating a probable fecal strep-
tococcal culture and confirmation should be con-
tinued. The presence of bubbles constitutes a positive
catalase test indicating the presence of a non-
streptococcal bacteria and the test may be terminated at
this point.

7.9 Proceed as follows with all catalase negative
cultures. Uncap one tube each of brain-heart infusion
broth and brain-heart infusion-40 percent bile broth.
Using a flamed loop, transfer one loopful of material
from the agar slant to one of the tubes. Reflame the
loop and transfer a loopful of material from the agar
slant to the other tube. Recap the tubes.

7.10 Flame the loop and inoculate additional tubes
as above until all catalase negative cultures have been
placed in separate tubes of brain-heart infusion broth
and brain-heart infusion-40 percent bile broth.

7.11 Place the inoculated tubes of brain-heart infu-
sion broth in a test tube rack and incubate at 45°+0.5°C
for 48 +3 hours. Include tubes of uninoculated broth to
serve as controls.

7.12 Place the inoculated tubes of brain-heart
infusion-40 percent bile broth in a test tube rack and
incubate at 35°+0.5°C for 72+4 hours. Include tubes
of uninoculated medium to serve as controls.

7.13 Remove tubes from incubator and examine.
Appearances of turbidity in the inoculated tubes as
compared to the controls constitutes a positive test for
growth.

Appearance of growth in both brain-heart infusion
broth and brain-heart infusion-40 percent bile broth
constitutes a positive confirmation for the presence of
streptococci in the original colony. Absence of growth
in either or both tubes indicates that the original colony
was not of the fecal streptococcal group. '

7.14 All inoculated tubes and smeared slides should
be autoclaved at 121°C at 1.05 kg per cm? (15 psi) for
15 minutes before discarding.

8. Calculations
No calculations are necessary.

9. Report

Results of the fecal streptococcal confirmation test
are included in the colony counts for fecal streptococ-
cal bacteria.

10. Precision
No precision data are available.
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Sulfate-reducing bacteria
(most probable number, MPN, method)
(B-0400-77)

Parameter and code: Sulfate-reducing
bacteria (MPN) 31855

1. Application

Sulfate-reducing bacteria are commonly found in
environments where reducing conditions prevail such
as ground waters, the hypolimnion of stratified lakes,
saturated soils, and muds from lake bottoms and
stream bottoms.Their implications for geochemistry
have been discussed by Kuznetsov and others (1963).
Many species of bacteria reduce sulfate during the
synthesis of sulfur containing amino acids but only two
genera of obligate anaerobic bacteria utilize sulfate
reduction as a major energy yielding reaction with the
production of hydrogen sulfide. These are Desulfovib-
rio and Desulfotomaculum.

The method described here is similar to the sulfate-
reducing bacteria test given by the American Petro-
leum Institute (1965). The method is applicable for all
waters including brines of high salt content.

2. Summary of method

Samples are collected and handled using techniques
that minimize exposure to oxygen. Serial decimal dilu-
tions are prepared. Several portions of each of at least
three consecutive decimal dilutions are inoculated into
suitable culture media. The tubes are incubated for 28
days and results are recorded. The most probable
number (MPN) of organisms in the sample is deter-
mined from the positive and negative responses result-
ing from the distribution of the test specimen and
dilution thereof among a number of tubes of suitable
culture medium.

Desulfovibrio sp. and Desulfotomaculum nigricans
can be cultivated on a medium containing lactate as a
carbon and energy source. Growth is enhanced in the
presence of yeast extract. Ascorbic acid is present as a
reducing agent. Hydrogen sulfide produced by the

bacteria reacts with ferrous iron to produce an inky
blackening of the culture medium. Blackening of the
culture medium is taken as a positive response to the
presence of sulfate-reducing bacteria.

3. Interferences

Other species of facultative and obligate anaerobic
bacteria can grow in the lactate-yeast extract broth and
produce a turbidity in the medium but only sulfate
reducers will produce the characteristic inky blacken-
ing.

According to Postgate (1959) the Eh of the culture
medium must be less than —200 mv for initiation of
growth of sulfate-reducing bacteria. The presence of
only traces of oxygen will render the medium unsuita-
ble.

4. Apparatus

All materials used in bacteriological testing must be
free of agents which inhibit bacterial growth.

4.1 Water-sampling bottle or coring apparatus. As
appropriate follow guidelines given in section 6.

4.2 Hypodermic syringes. 2.5-ml capacity equipped
with 20 gaugex 38 mm (1% in.) needle (Becton Dic-
kinson No. 5618 or equivalent).

4.3 Cotton balls. Obtain from local pharmacy.

4.4 Pipets. 1.0-ml capacity, presterilized, disposa-
ble, glass or plastic with cotton plugs, Falcon (7506) or
equivalent (optional procedure only).

4.5 Pipets. 10-ml capacity, presterilized disposable,
glass or plastic with cotton plugs, Falcon (7551) or
equivalent (optional procedure only).

4.6 Test tubes. 16x100 mm, glass disposable,
Kimble (73500) or equivalent (optional procedure
only). ' ' :
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4.7 Test tube caps. 16 mm, Bacti Capall or equiva-
lent (optional procedure only).

4.8 Sterilizer. Steam autoclave, Curtin Matheson
Scientific (209-536) or equivalent (optional procedure
only).

" 4.9 Anaerobic incubator. BBL (60465) or equiva-
lent (optional procedure only).

4.10 Culture tube rack. For 16-mm test tubes,
Thomas-Kolmer or equivalent (optional procedure
only).

4.11 Bottles. Milk dilution, APHA, Pyrex or Kimax
with screwcaps (optional procedure only).

4.12 Propipet for use with 1.0- and 10-ml pipets.

5. Reagents

5.1 Sulfate API broth. Ready to use presterilized
media packed in 10-ml serum bottles such as Difco
(0500-86-2) or equivalent, are recommended. If field
preparation of medium is opted, add 14.5 g of Sulfate
API broth, Difco (0500) or equivalent to 1,000 ml of
distilled water and warm gently to dissolve. Place 6 mi
of Sulfate API broth in 16X 100 mm test tubes and cap.
Sterilize at 121°C for 10 minutes at 1.05 kg per cm? (15
psi). :

5.2 70 percent ethanol. Dilute 74 ml of 95 percent
ethyl alcohol to 100 ml with distilled water or undiluted
isopropanol (ordinary rubbing alcohol).

5.3 Anaerobic gas charges. Disposable, BBL
(70304) or equivalent (optional procedure only).

5.4 Catalyst replacement pellets for anaerobic jar.
BBL (70303) or equivalent (optional procedure only).

5.5 Buffered dilution water. Dissolve 34.0 g potas-
sium dihydrogen phosphate (KH,PO,) in 500 ml distil-
led water. Adjust to pH 7.2 with 1 N sodium hydroxide
(NaOH). Dilute to 1 liter with distilled water. Sterilize
in dilution bottles for 20 minutes at 121°C at 1.05 kg
per cm?® (15 psi). After opening a bottle of stock solu-
tion, refrigerate the unused part. Discard contaminated
solutions, indicated by slight turbidity or precipitate.
Add 1.2 ml of this stock phosphate buffer solution to 1
liter of distilled water containing 0.1 percent Difco
peptone (0118), or equivalent. Dispense in milk dilu-
tion bottles in amounts that will provide 99 ml+2.0
after autoclaving at 121°C at 1.05 kg per cm?® (15 psi)
for 20-30 minutes. Loosen caps or stoppers prior to
sterilizing and tighten when bottles have cooled.

6. Collection

Samples for bacteriologic examination should be
collected in clean, sterile containers. The sample
should be taken in such a manner as to preclude con-
tamination from external sources. Maintaining the in-

tegrity of a specimen taken from a reduced environ-
ment is a difficult task. Many types of specialized
devices for obtaining liquid and solid samples from
reduced environments have been described.

6.1 Water sampling. Two techniques for sampling
water may be distinguished. In the subsurface sam-
pling technique a bottom-hole sampler is lowered
down a well or into a body of water to a preselected
depth and a sample of the fluid at that depth is trapped
in a pressure tight section of the sampler. The sampler
is brought to the surface where the sample is processed.
The surface-sampling technique consists of taking
samples of liquid from flowing or pumped wells. The
choice of technique is influenced by the type of reser-
voir fluid, the producing characteristics and mechan-
ical conditions of the well, and the presence or absence
of mechanical equipment in the well. Instructions for
collecting samples from closed systems are given by
the American Society for Testing and Materials (1966)
and American Petroleum Institute (1966). Often a
satisfactory sample from a flowing well may be ob-
tained by attaching a piece of gumrubber tubing to a tap
and allowing the stream of water to move upward
through the tubing. After about 5 minutes sterilize a
section of tubing near the base by swabbing with a
piece of cotton moistened with 70 percent ethanol
solution or isopropanol. Puncture the tubing with a
hypodermic needle and draw a sample of water into a
syringe. Inject this part of water into a sealed serum
bottle containing properly reduced medium.

6.2 Sediment sampling. Sediment sampling devices
suitable for use in anaerobic environments are avail-
able. The simplest device, applicable in soft muds and
mucks, consists of a length of thin-wall plastic or metal
tubing. This is pushed into the soil to the desired depth
and the open end is then tightly stoppered with a rubber
stopper. The entire assembly is then withdrawn. The
core should remain in place because of the suction
effect exerted by the closed air chamber above the
core. In deep water, a remote-operating core sampler
such as the K-B type (Wildlife Supply Co., 2400) may
be required. With either instrument, fine grained mate-
rial may be sampled by inserting large bore hypoder-
mic needles or cannulae through holes drilled through
the side of the coring tube. These samples may be
treated in the same way as water samples.

7. Analysis

Two factors must be decided when planning a
multiple-tube test:
1. What volumes of water should be tested?
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2. How many tubes of each volume should be tested?

Choose a range of volumes so that both positive and
negative results are obtained over the range tested. The
method fails if only positive or only negative results
are obtained with all volumes tested. The number of
tubes used per sample volume depends on the precision
required. The greater the number of tubes inoculated
with each volume the greater the precision but the
effort involved and expense are also increased. For
general use the three tube series is recommended and is
described below. Order-of-magnitude estimates can be
made with a one-tube series. Increased precision can
be obtained using a five-tube series. Sulfate reducing
bacteria may be cultivated using either 9-ml pre-
sterilized medium in vials and hypodermic syringe or
in ordinary test tubes using field prepared API sulfate
broth. The presterilized medium procedure requires
less equipment and operator time, so is recommended
for most studies. However, the procedure using field
prepared medium is more economical if large numbers
of samples are anticipated, and uses equipment more
easily obtained locally. Soil can be tested by the latter
procedure also. For water samples use volumes of 1,
0.1, 0.01, 0.001 and 0.0001 ml. For soil samples use
dilutions of 1072 to 10~%

Procedure using presterilized medium and
hypodermic syringes.

7.1 Remove the inserts from the metal caps and
swab the exposed part of the rubber septa with a bit of
cotton saturated with 70 percent ethanol or isop-
ropanol.

7.2 Using a sterile, disposable 2.5 ml syringe
equipped with a sterile 20 gauge needle 38 mm (1%
in.) in length obtain 1 ml of sample.

7.3 Invert a serum bottle so that the rubber septum is
at the bottom. Inoculate the medium by carefully
puncturing the septum with the needle and inserting the
needle only until the beveled tip is inside the bottle.
Discharge the contents of the syringe into the bottle
and withdraw the syringe. Agitate the bottle vigor-
ously.

7.4 Using a new sterile syringe withdraw 1.0 ml
from the previously inoculated bottle and then inocu-
late a fresh serum bottle as in 7.3.

7.5 In order to conserve time and reagents a scheme
such as given in the following example is recom-
mended. Suppose it is desired to test 0.1, 0.01 and
0.001 ml parts of a given water sample.

Step 1 Lay out 10 bottles of culture medium.
Step 2 Prepare them as in 7.1.

Step 3 Obtain 1 ml of sample as in 7.2 and inocu-
late one bottle of medium as in 7.3.

Step 4 Using the 107! dilution prepared in step 3
inoculate three fresh bottles of culture
medium as in 7.4.

Step 5 Using one of the 1072 dilutions prepared in
step 4 inoculate 3 fresh bottles of culture
medium as in 7.4.

Step 6 Using one of the 1072 dilutions prepared in
step S inoculate 3 fresh bottles of culture
medium as in 7.4.

Similar protocols can be established for other combina-
tions using any number of tubes per dilution level.

7.6 Clearly mark each inoculated serum bottle indi-
cating location, time of collection, sample number,
and sample volume. Code each bottle, for easy iden-
tification when recording results.

7.7 Incubate tubes at room temperature (18°-25°C)
for 28 days. Tubes which turn black within 2 hours are

- not to be considered positive since this will probably be

due to the presence of sulfide ion in the sample. Sub-
cultures of these false positives may be made after 1
week as in 7.1-7.3.

7.8 Examine tubes after 28 days. Record as positive
all tubes which have significant amounts of black pre-
cipitate. Upon shaking, the tubes should assume an
inky black appearance. Record as negative turbid tubes
which are only slightly grayish.

Optional procedure using field prepared API sulfate
broth.

7.9 Set up a suite of 1, 3, or 5 tubes of Sulfate API
broth for each sample volume to be tested.

7.10 Inoculate the culture medium using either 0.1
or 1.0 ml of an appropriate sample volume, or a
weighed aliquot of soil (such as 1.0 g). Dilutions of the
original sample are necessary when inoculation of 0.1
ml (g) or less is anticipated. The dilution scheme
shown below may be used in these cases.

Volume of sample added

Dilution to 99 mt dilution bottle _ Size of inoculum
1:10 0.1 ml or 0.1g of
original sample
1:100 1.0 ml of original sample 1.0 ml of 1:100
(or 1.0g) dilution
1:1,000 e 0.1 mlof 1:100
dilution
1:10,000 1.0 ml of 1:100 dilution 1.0 ml of 1:10,000
dilution
1:100,000 —______________ 0.1 ml of 1:10,000
. dilution

7.11 Mark each inoculated tube indicating sample
location, date, and sample volume.
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7.12 Place inoculated tubes upright in an anaerobic
incubator at room temperature (18°-25°C) for 28 days.
Mason jars or other large tight sealing glass jars may be
used in place of an anaerobic incubator if disposable
gas generator envelopes such as BBL 70308 and re-
placeable catalyst charges BBL 70303 are used.
Throwaway gas generators enable the user to use any
tight sealing container as an anaerobic incubator.

7.13 Inoculated tubes are observed for growth in the
same manner as in 7.7 and 7.8.

7.14 Autoclave all cultures at 121°C for 15 minutes
at 1.05 kg per cm?® before discarding.

8. Calculation :
Record the number of positive results from the in-
oculated tubes and select the three dilutions for the
MPN index using the following rule (American Public
Health Association and others, 1976). Take as the first
number the least concentrated (smallest sample vol-
ume) dilution in which all tests are positive and the two
next succeeding higher dilutions. Using this sequence
of three numbers refer to table 2 or 3 for MPN indices

for 3 and 5 tube multiple-tube series as appropriate.
Confidence limits at the 95 percent level are also given.

If only one tube is inoculated at each decimal dilu-
tion level record the highest dilution showing a posi-
tive response as compared to the lowest dilution show-
ing a negative response. Record the results as a range
of numbers, for example 100-1,000 sulfate-reducing
bacteria per ml. If all tubes are positive record the
result as a number greater than that indicated by the
value of the lowest dilution of the series. For example,
1,0.1, and 0.01 ml samples are tested and all tubes are
positive at the end of the test. Record the result as
greater than 100 sulfate-reducing bacteria per millili-
ter.

8.1 The results of a test were recorded as follows:

" Tube number

Volume

(ml) 1 2 3 - Result
0.1 + + + 3/3
0.01 + + + 3/3
0.001 + + - 2/3
0.0001 - - - 0/3

Table 2.—MPN index and 95 percent confidence limits for various combinations of positive and negative results when three
1.0-ml, three 0.1-ml, and three 0.01-ml dilutions are used

[From: American Public Health Association and others, 1976)

Number of tubes giving
positive reaction out of:

MPN 95 percent confidence limits

3o0f1 3 of 0.1 3 of 0.01 Index

mleach ml each ml each per ml Lower Upper
0 0 0 <03
0 0 1 3 < 0.05 09
0 1 0 3 < .05 1.3
1 0 0 4 < .05 2.0
1 0 1 ) Bl 21
1 1 0 v 1 23
1 1 1 1.1 .3 36
1 2 0 1.1 3 3.6
2 0 0 9 1 3.6
2 0 1 14 3 3.7
2 1 0 1.5 3 44
2 1 -1 2.0 1 8.
2 2 0 2.1 4 4.7
2 2 1 2.8 1.0 15.0
3 0 0 2.3 4 120
3 0 1 39 1 13.0
3 0 2 6.4 1.5 38.0
3 1 0 43 7 21.0
3 1 1 1.5 14 23.0
3 1 2 12.0 3.0 38.0
3 2 0 9.3 1.5 38.0
3 2 1 15.0 3.0 1440
3 2 2 21.0 35 47.0
3 3 0 240 3.6 130.0
3 3 1 46.0 7.1 240.0
3 3 2 110. 15.0 480.0
3 3 3 = 240.0
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Following the rule given above and selecting 0.01,
0.001, and 0.0001 sample volumes, a sequence of
3-2-0 is found. From this an MPN of 9.3 is found in
table 2. Dividing by 1072 to correct for the effect of
dilution the MPN of the sample is found to be 930
sulfate-reducing organisms per milliliter. The 95 per-
cent confidence limits are 150 and 3,800.

8.2 The following results were obtained with a five-
tube series:

______ 10~ 107® 1077 10°® 107°
/5 0/5

Volume (ml)
Results __________ 5/5 5/5 3/5

Selecting 107¢, 10~7 and 10~® ml sample volumes the
test results indicate a sequence of 5-3-1 for which the
MPN (table 3) is 11.0. Dividing by 107¢ the MPN is
computed to be 11x 108 sulfate-reducing bacteria per
milliliter with 95 percent confidence limits of 3.1x 108
and 25X 108 sulfate-reducing bacteria per milliliter.

8.3 The following results were observed with a
three-tube series:

Volume (ml) ______ 1 0.1 0.010.001
Results __________ 03 1/3 0/3 0/3

Use the sequence of 0—~1-0 for which the MPN is 0.3
with confidence limits of 0 and 1.5.

The various combinations recorded in tables 2 and 3
represent those most likely to be observed. Other com-
binations are statistically unlikely. If unlikely combi-
nations are observed it is probable either that the
multiple-tube technique is inapplicable, or that errors
of manipulation have occurred.

9. Report

For one-tube series the data are reported as a range
of numbers.

For multiple-tube tests report results as MPN of
sulfate-reducing bacteria per milliliter for water sam-

Table 3.—MPN index and 95 percent confidence limits for various combinations of positive and negative results when five
1.0-ml, fivq.o‘.j -mi, and ﬁve 0.01-mi dilutions are used

[From: American Public Health Association and others, 1976]

Number of tubes giving

Number of tubes giving

positive reaction out of: 95 percent con- positive reaction out of: 95 percent con-
MPN fidence limits MPN fidence limits
S5of1 50f0.1 50f0.01 Index Sof1 50f0.1 5o0f0.01 Index
mleach mleach mleach per ml Lower Upper mleach mleach mleach per ml Lower  Upper
0 0 0 < 02
0 0 1 2 < 0.05° 0.7 4 2 1 2.6 0.9 7.8
0 1 0 2 < .05 T 4 3 0 2.7 9 8.0
0 2 0 4 < .05 1.1 4 3 1 33 1.1 9.3
4 4 0 34 1.2 9.3
1 0 0 2 < 0.05 v ’
1 0 1 4 < .05 1.1 5 0 0 23 7 7.0
1 1 0 4 < .05 1.1 5 0 1 3.1 11 8.9
1 1 1 .6 < .05 1.5 5 0 2 43 1.5 11.0 -
1 2 0 .6 < .05 1.5 5 1 0 33 1.1 9.3
) 5 1 1 4.6 1.6 12.0
2 0 0 5 < .05 1.3 5 1 2 6.3 2.1 15.0
2 0 1 1 1 1.7
2 1 0 T 1 1.7 5 2 0 49 1.7 13.0
2 1 1 9 2 2.1 5 2 1 7.0 23 17.0
2 1 1 9 2 2.1 S 2 2 94 2.8 220
2 2 0 9 2 21 5 3 0 79 2.5 19.0
2 3 0 1.2 3 2.8 5 3 1 11.0 31 250
3 0 0 .8 1 19 5 3 2 14.0 3.7 34.0
3 0 1 1.1 2 2.5 5 3 3 18.0 44 50.0
3 1 0 1.1 2 2.5 5 4 0 13.0 35 30.0
3 1 1 14 4 34 5 4 1 17.0 43 49.0
3 2 0 14 4 34 5 4 2 220 5.7 70.0
3 2 1 1.7 5 46 5 4 3 28.0 9.0 85.0
3 3 0 1.7 ] 4.6 5 4 4 35.0 12.0 100.0
4 0 0 13 3 31 5 5 0 24.0 6.8 75.0
4 0 1 1.7 .5 4.6 5 5 1 35.0 12.0 100.0
4 1 0 1.7 S 4.6 5 5 2 54.0 18.0 140.0
4 1 1 2.1 N 6.3 5 5 3 92.0 30.0 320.0
4 1 2 2.6 9 7.8 S S 4 160.0 64.0 580.0
4 2 0 2.2 v 6.7 5 5 5 = 240.0
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ples or as MPN per g for soil samples. The method of
reckoning unit weight (wet, dry and so forth) of soil
samples should also be reported. Report values less
than 10 with one significant figure and other values
with two significant figures.

10. Precision

The MPN inherently has a low order of precision.
For precise estimates, large number of tubes must be
inoculated. Precision increases rapidly as the number
of tubes is increased from 1 to 5, but then increases ata
much less rapid rate so that the gain in using 10 tubes
instead of 5 is much less than is achieved by increasing
the number of tubes from 1 to 5. Variance as a function
of number of tubes inoculated from 10-fold dilution
series is given below:

Number of tubes at Variance tor 10-fold
each dilution dilution series
1 e 0.580
C J 335
. Z U 259
10 e .183

Tables 2 and 3 show the 95 percent confidence limits
for various combinations of numbers of tubes and
results.
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Nitrifying Bacteria
(most probable number, MPN, method)
(B-0420-77)

Parameter and code: Nitrifying bacteria (MPN) 31854

1. Application

Nitrification is the biological oxidation of reduced
nitrogen compounds to nitrite and nitrate. Most com-
monly, the initial substance is ammonium, and the
final product is nitrate. The process occurs in two
distinct steps, each mediated by a specific group of
bacteria. The Nitrosomonas group, which includes
several genera of bacteria, is able to oxidize am-
monium (NH?%) only to nitrite (NO?3) as shown:

NH?% + 3/2 0, — NO3; + 2H* + H,0.

The Nitrobacter group of bacteria oxidizes nitrite
(NO?3), but not ammonium (NH?) or any other reduced
nitrogen compound, to nitrate (NO3) as shown:

NO: + 1/2 O, = NO%.

Hydrogen ions produced in the oxidation of am-
monium to nitrite may be of some geochemical signifi-
cance because the excess acid can dissolve minerals
and participate in exchange reactions on clays. Nitrifi-
cation is important in soils because the process controls
the supply of nitrate used by higher plants. In surface
waters, nitrification contributes to oxygen demand.
The responsible organisms, Nitrosomonas and Nit-
robacter, are autotrophic bacteria. They obtain their
energy from the inorganic oxidations indicated above
and use carbon dioxide as a cellular carbon source. The
media for enumerating these bacteria are assumed to be
free of organic carbon. This assumption is valid to the
extent that initially only nitrifiers will grow on the
media. Later, as the autotrophs grow and release cell
substances to the media, heterotrophs will develop.
The medium for enumerating Nitrosomonas con-
tains NHY. Appearance of NO73 in the inoculated cul-
tures, but not in control cultures, presumptively indi-
cates the presence of Nitrosomonas in the sample. A
negative test is not sufficient evidence to prove that

Nitrosomonas is absent, because NO3; produced by
Nitrosomonas can be oxidized to NO7 by Nitrobacter.
Therefore, a positive test for either NO3 or NO7 in the
inoculated cultures indicates the presence of Nit-
rosomonas. The medium for enumerating Nitrobacter
contains NO7; disappearance of NO3 from the inocu-
lated cultures, but not from control cultures, pre-
sumptively indicates the presence of Nitrobacter. The
method described is similar to that described by Alex-
ander and Clark (1965) and is applicable to all types of
fresh and saline waters and soils.

2. Summary of method

Decimal dilutions of multiple sample aliquots are
inoculated into organic-free media containing am-
monium ions for Nitrosomonas enumeration or nitrite
ions for Nitrobacter enumeration. The inoculated cul-
tures are incubated at 28°C for 3 weeks, following
which the inoculated cultures and control cultures are
tested for the presence of nitrite. The most-probable-
number (MPN) of each group of nitrifying bacteria is
determined from the distribution of positive and nega-
tive responses among the inoculated tubes.

3. Interferences
No interferences are known for the procedure.

4. Apparatus

All materials used in bacteriological testing must be
free of agents which inhibit bacterial growth.

4.1 Water-sampling bottle, samplers for obtaining
water samples under sterile conditions are marketed by
General Oceanic, Inc., Hydro Products, Kahl Scien-
tific Instrument Corp., and others. A metallic water
sampler, lowered at a speed of 1 m/s, may be effective
for sterile collection of water samples (Kriss and
others, 1966). Metallic water-sampling bottles are

73
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available from Wildlife Supply Co. (1050 or 1200);
Kahl Scientific Instrument Corp. (130WA100); Inter
Ocean Systems, Inc. (206); Foerst Mechanical Spe-
cialties Co. (Improved Water Sampler, Kemmerer-
type); or equivalent.

4.2 Culture tubes and caps, flint glass tubes,
16X 125 mm, Kimble (73500), Corning (9805), or
equivalent; tube caps, 16 mm, Scientific Products
(T1390-16) or.equivalent.

4.3 Culture tube rack, for 16-mm tubes, Thomas-
Kolmer or equivalent.

4.4 Incubator with temperature range from 5°C
above ambient to 60°C. National Appliance (320) or
equivalent, or water bath capable of maintaining a
temperature of 28+1°C, Matheson (65310-10) or
equivalent. '

4.5 Sterilizer, steam autoclave, Curtin Matheson
Scientific (209-536), Market Forge Sterilmatic, or
equivalent.

4.6 Bottles, milk dilution, APHA, Pyrex or Kimax
with screwcaps.

4.7 Glass beads, solid, 3mm, Fisher Scientific
(11-312A) or equivalent.

4.8 Sieve, 10 mesh, Fisher (408816) or equivalent.

4.9 Pipets, 1.0-ml capacity, presterilized, disposa-
ble, glass or plastic with cotton plugs, Millipore
(XX63 001 35) or equivalent.

4.10 Pipets, 11.0-ml capacity, Corning (7057) or
equivalent. Wrap the pipets in kraft paper and sterilize
in the autoclave, or place in pipet box, Curtin Mathe-
son Scientific or equivalent, and heat in an oven at
170°C for 2 hours. Presterile, disposable, 10.0-ml
pipets may be used.

4.11 Propipet for use with 1.0-, 10.0-, and 11.0-ml

pipets.

5. Reagents

5.1 Ammonium-calcium carbonate medium for
most-probable-number (MPN) of Nitrosomonas. To
1,000 ml of distilled water, add 0.5 g of ammonium
sulfate [(NH4).SO,4], 1.0 g of potassium phosphate
dibasic (K;HPQO,), 0.03 g of ferrous sulfate
(FeSO,-7H;0), 0.3 g of sodium chloride (NaCl), 0.3 g
of magnesium sulfate (MgSO, - TH;0), and 7.5 g cal-
cium carbonate (CaCQj). Place 3 ml of medium in
each culture tube, cap, and autoclave at 121° at 1.05 kg
per cm? (15 psi) for 15 minutes.

5.2 Nitrite-calcium carbonate medium for most-
probable-number (MPN) of Nitrobacter. To 1,000 ml
of distilled water, add 0.006 g of potassium nitrite
(KNO;), 1.0 g of potassium phosphate dibasic
(K:HPO,), 0.3 g of sodium chloride (NaCl), 0.1 g of

magnesium sulfate (MgSO, - 7H;0), 1.0 g of calcium
carbonate (CaCQ;), and 0.3 g of calcium chloride
(CaClp). Place 3 ml of medium in each culture tube,
cap, and autoclave at 121°C at 1.05 kg per cm? (15 psi)
for 15 minutes.

5.3 Griess-llosvay reagent: (a)Dissolve 0.6 g sul-
fanilic acid in 70 ml hot (90+°C) distilled water; cool
the solution, add 20 ml of concentrated hydrochloric
acid (HCl), dilute the mixture to 100 ml with distilled
water, and mix; (b) dissolve 0.6 g of alpha
naphthylamine in 10 to 20 ml of distilled water contain-
ing 1 ml of concentrated hydrochloric acid (HCI);
dilute to 100 ml with distilled water and mix; and (c)
dissolve 16.4 g of sodium acetate (CH3COONa
-3H,0) in distilled water; dilute to 100 ml with distil-
led water and mix. Store the solutions separately in
dark bottles in a refrigerator. Stability of the solutions
is unknown; however, storage should not exceed 1
month,

5.4 Zinc-copper-manganese dioxide mixture: Mix
together 1 g of powdered zinc metal (Zn), 1 g of
powdered manganese dioxide (MnQy), and 0.1 g of
powdered copper (Cu).

5.5 Buffered dilution water: Dissolve 34.0 g potas-
sium dihydrogen phosphate (KH,PO,) in 500 ml distil-
led water. Adjust to pH 7.2 with 1 N sodium hydroxide
(NaOH). Dilute to 1 liter with distilled water. Sterilize
in dilution bottles at 121°C at 1.05 kg per cm? (15 psi)
for 20 minutes. After opening a bottle of stock solu-
tion, refrigerate the unused part. Discard contaminated
solution, indicated by slight turbidity or precipitate
accumulation. For water sample dilution blanks, add
1.2 ml of sterile stock phosphate buffer solution to 1
liter of distilled water containing 0.1 percent Difco
peptone (0118), or equivalent. Dispense in milk dilu-
tion bottles in amounts that will provide 99 ml*2 after
autoclaving at 121°C at 1.05 kg per cm? (15 psi) for 20
minutes. Loosen caps prior to sterilizing and tighten
when bottles have cooled.

For soil sample dilution blanks, place 95 ml of
distilled water and about three dozen, 3-mm diameter,
glass beads in a milk dilution bottle. For each 95 ml
dilution blank, prepare also 5 dilution blanks of 90 ml
distilled water in milk dilution bottles. Omit the glass
beads from the 90 ml blanks. Autoclave at 121°C at
1.05 kg per cm? (15 psi) for 20 minutes. Loosen caps
prior to sterilizing and tighten when bottles have

cooled.

6. Collection
Water samples for bacteriologic examination must
be collected in containers that have been sterilized in
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an autoclave for 20 minutes at 121°C at 1.05 kg per cm?
(15 psi). Sterilized milk dilution bottles are ideal sam-
ple containers. When the sample is collected, ample air
space must be left in the bottle to facilitate mixing of
the sample by shaking. Care must be taken to avoid
contamination of the sample and sample bottle at the
time of collection and in the period prior to analysis.

To insure maximum correlation of results, the sam-
ple sites and methods used for nitrifying bacteria
should correspond to those selected for chemical and
other biological sampling. Sampling for bacteria at
depth is complicated by the requirement to avoid con-
tamination of the deeper water layers by bacteria car-
ried from shallower depths on the inner walls of the
sampler.

Thesample collection method will be determined by
the study objectives. In lakes, reservoirs, deep rivers,
and estuaries, bacterial abundance may vary trans-
versely, with depth, and with time of day. To collect a
surface sample from a stream or lake, open a sterile
milk dilution bottle, grasp it near its base, and plunge
it, neck downward, below the water surface. Allow the
bottle to fill slowly turning the bottle until the neck
points slightly upward. The mouth of the bottle must
be directed into the current. If there is no current, as in
the case of a lake, a current should be artificially
created by pushing the bottle horizontally forward in a
direction away from the hand (American Public Health
Association and others, 1976, p. 905). To collect a
sample representative of the bacterial concentration at
a particular depth, use one of the water sampling bot-
tles discussed in 4.1 above. For small streams, a point
sample at a single transverse position located at the
centroid of flow may be adequate (Goerlitz and
Brown, 1972). :

As soon as possible after collection, preferably
within 4 hours and not more than 6 hours, inoculate the
decimal dilutions of the sample into tubes of
ammonium-calcium carbonate medium and nitrite-
calcium carbonate medium. Samples must be kept cool
during the time between collection and inoculation. If
inoculation is delayed, chill or refrigerate the sample
but do not freeze.

Collect soil samples in a sterile manner and place in
polyethylene bags or waxed cardboard containers.
Avoid exposing soil samples to heat or drying. If the
sample is not processed on the day of collection, it may
be stored at 4°C for 1-2 weeks in the closed container,
provided that the container is pinholed for <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>