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PREFACE

The series of chapters on techniques describes methods used by the U.S.
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 chapter was prepared by several aquatic biologists and micro-
biologists of the U.S. Geological Survey to provide accurate and precise
methods for the collection and analysis of aquatic biological and micro-
biological samples.

Use of brand, firm, and trade names in this chapter is for identification
purposes only and does not constitute endorsement by the U.S. Geological
Survey.

This chapter supersedes "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 (U.S. Geological Survey Techniques of
Water-Resources Investigations, Book 5, Chapter A4, 1977) and also supersedes
"A Supplement to--Methods for Collection and Analysis of Aquatic Biological
and Microbiological Samples" by P.E. Greeson (U.S. Geological Survey
Techniques of Water-Resources Investigations, Book 5, Chapter A4), Open-File
Report 79-1279, 1979.
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CONVERSIONS FACTORS

Metric units (International System) in this report may be converted to
inch-pound units by using the following conversion factors:

Multiply metric unit By To obtain inch-pound unit

centimeter (cm) 0.3937 inch

cubic meter (m3) 35.31 cubic foot

gram (g) 0.03527 ounce, avoirdupois

gram per cubic meter (g/m3) 62.45x10°6 pound per cubic foot

gram per cubic meter pound per cubic foot
per hour [(g/m3)/h] 62.45%x10° 8 per hour

kilogram (kg) 2.205 pound, avoirdupois

kilogram per square pound per square
centimeter (kg/cm?) 14.22 inch

liter (L) 0.2642 gallon

meter (m) 3.281 foot

meter per second (m/s) 3.281 foot per second

microgram (Mg) 35.27x1078 ounce, avoirdupois

microliter (uL) 26.42x1078 gallon

micrometer (Jm) 39.37%x10°© inch

milligram (mg) 35.27x1075 ounce, avoirdupois

milliliter (mL) 26.42x107° gallon

millimeter (mm) 0.3937 inch

square centimeter (cm?) 0.155 square inch

square kilometer (km?) 0.3861 square mile

square meter (m?) 10.76 square foot

square millimeter (mm?) 1.550%x1073 square inch

Inch-pound units in this report may be converted to metric units
(International System) by using the following conversion factors:

Multiply inch-pound unit By To obtain metric unit

acre-foot (acre-ft) 1,233 cubic meter

cubic foot per second 0.02832 cubic meter per second
(ft3/s)

foot (ft) 0.3048 meter

inch (in.) 25.4 millimeter

mile (mi) 1.609 kilometer

ounce, fluid 0.02957 liter

pound, avoirdupois (1b) 453.6 gram

pound per square inch (psi) 703.1 kilogram per square meter

square inch (in?) 6.452 square centimeter

square mile (mi?) 2.59 square kilometer

Degree Celsius (°C) may be converted to degree Farhenheit (°F) by using
the following equation:
°F = 9/5 (°C+32).

Degree Fahrenheit (°F) may be converted to degree Celsius (°C) by using

the following equation:
°C = 5/9 (°F-32).
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The following terms and abbreviations also are used in this report:

CONVERSION FACTORS--Continued

disintegrations per minute (dpm)
gram per liter (g/L)
gram per milliter (g/mL)

liter per milligram multiplied by centimeter (L/mg)Xcm
lumens per square meter (lumens/m?)

microcurie (JCi)
microcurie per microgram (pCi/ug)
microcurie per milliliter (uCi/mL)
microgram-atoms per liter (ug-atoms/L)
microgram per liter (upg/L)

microgram per milliliter (ug/mL)
millicurie (mCi)

milligram
milligram
milligram
milligram
milligram
milligram
milligram
milligram
milligram
milligram

millivolt
nanometer

carbon per
carbon per
carbon per
oxygen per
oxygen per
oxygen per

cubic meter per day [mg(C/m3)/d]

cubic meter per hour [mg(C/m3)/h]
square meter per day [mg(C/m2?)/d]
cubic meter per day [mg(0s/m3)/d]
cubic meter per hour [mg(03/m3)/h]
square meter per day [mg(0/m2)/d]

per cubic meter (mg/m3)

per liter (mg/L)

per liter per acre-foot [(mg/L)/acre-ft]
per square meter (mg/m?)

milliliter per minute (mL/min)

(mV)
(nm)

revolutions per minute (r/min)

volt (V)
Watt (W)
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METHODS FOR COLLECTION AND ANALYSIS OF AQUATIC BIOLOGICAL

AND MICROBIOLOGICAL SAMPLES

L. J. Britton and P. E. Greeson, Editors

ABSTRACT

Chapter A4 contains methods used by the U.S. Geological Survey to
collect, preserve, and analyze water to determine its biological and micro-
biological properties. Part 1 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 applications, interferences, apparatus,
reagents, analyses, calculations, reporting of results, precisions, and
references are given. Part 2 consists of a glossary. Part 3 is a list of
taxonomic references.

INTRODUCTION

The U.S. Department of the Interior has the basic responsibility for the
appraisal, conservation, and efficient use 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 agencies of the U.S.
Department of the Interior, the U.S. Geological Survey's primary responsi-
bility in relation to water is to assess its availability and use as a natural
resource. The U.S. Geological Survey's responsibility for water appraisal
includes not only assessments of the location, quantity, and availability of
water but also determinations of water quality. Inherent in this responsi-
bility is the need for extensive water-quality studies related to the
physical, chemical, and biological adequacy of natural and developed surface-
and ground-water resources. Included, also, is the need for supporting
research to increase the effectiveness of these studies.

As part of its mission, the U.S. 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 reliability and standardization
of these data is paramount.

This chapter was prepared to provide accurate and precise methods for the
collection and analysis of aquatic biological and microbiological samples,
primarily from freshwater. Although excellent and authoritative manuals on




aquatic biological analyses are available, their methods and procedures often
are diverse. The purpose of this chapter is to provide, in a single publica-
tion, the methods used by the U.S. Geological Survey in conducting biological
investigations.

The work of the U.S. Geological Survey in aquatic biology and micro-
biology ranges from research to the collection of biological information from
onsite investigations and from a nationwide network of water-quality stations.
The objectives vary so widely that it is impractical to tailor methods to fit
all possible requirements. In general, the methods herein apply to the
collection of biological information.

It is clear from the accelerating rate of publication of reports on the
subject of aquatic biology that new and improved methods are being developed
in response to man's increasing awareness of his environment. A technique
that represents the state-of-the-art today may be outdated tomorrow. The
author of a manual of techniques may have the impression of taking a ''grab
sample" from a changing stream of new developments, although it is possible t
a degree to integrate the experience of the past and to select the most
appropriate methods from an ever-growing number of methods.

A methods manual is only one of several tools available to the inves-
tigator. At best, it can indicate to him "how to"; it can never indicate to
him "what to"; nor can it indicate to him what a specific numerical value
means. Entire volumes have been written on subjects, for example, primary
productivity, to which this chapter can devote only a few pages. It is
emphasized that the successful investigator must keep abreast of the new
developments, both in methodology and in the understanding of aquatic
ecosystems.

Safety procedures, especially with use of hazardous chemicals or
equipment, micro-organisms that may produce human disease, water that may
contain bacteria, and radioactive substances, should be recognized and
manufacturers' instructions followed when using the methods in this chapter.
Special attention is called to a number of hazardous materials within the
individual methods and serves to emphasize safety concerns.




PART 1: DESCRIPTION OF METHODS

BACTERIA
Introduction

Bacteria can be collected, observed, and counted directly using the
highest resolution of the light microscope. A method for counting total
bacteria by epifluorescence is included in this chapter; however, the method
is somewhat difficult and may not be appropriate for general use. 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 from the number of
bacteria in the original sample. The first method 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 investigators. The remaining methods given are
designed to be selective for specific groups of bacteria. These methods will
provide an estimate of the number of bacteria in an environment, but no
information is obtained about the activity of the organisms in the ecosystem
being studied.

Most-probable-number (MPN) methods, using multiple-dilution tubes, can be
used to estimate the size of a bacterial population without counting either
single cells or colonies (Meynell and Meynell, 1970). Several dilutions of a
sample are made and aliquots are inoculated into suitable media. The method
requires either that the media be selective for a specific group of bacteria
and allow only those organisms to grow or that some readily identifiable
product be produced. The dilutions, including the most dilute samples used,
need to contain no bacterial cells of the type under study (dilution to
extinction). Based on the distribution of positive and negative cultures, the
MPN of bacteria in the original sample is calculated.

MPN tables are included with each applicable method. These tables are
based on those published in "Standard Methods" by the American Public Health
Association and others (1985); however, the tables have been modified to
include the procedures specified in "Techniques of Water-Resources Investi-
gations" methods. All MPN tables use 1-, 0.1-, and 0.01-mL sample volumes and
express MPN per 1 or 100 mL depending on how the count is to be reported.
Examples included with each method illustrate the calculation of MPN if sample
volumes other than 1, 0.1, and 0.01 mL are used.

The membrane-filter (MF) method has attained widespread application in
microbiology principally because it is simple and quick to perform (Bordner
and others, 1977). Also, it is statistically more reliable than the MPN
method. A brief discussion of the merits and limitations of the MF method 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 pm 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
membrane is about 80 percent void with pores of uniform size. Pore sizes of
0.45 or 0.7 pm (Green and others, 1975; Sladek and others, 1975; American
Public Health Association and others, 1985) are the most common sizes used in
microbiology because the type of bacteria most often counted is larger than
0.5 pm. Membranes with pore size less than 0.45 um are available but are used
less commonly in microbiology because of their susceptibility to clogging.
Filters are manufactured in many sizes from about 13 to 293 mm in diameter,
but only the 47-mm diameter size is used commonly in microbiology. The useful
shelf life of membrane filters is 1 year (American Public Health Association
and others, 1985).

Bacterial analysis begins with sample collection, which is described in a
general way in this introduction. Media and equipment preparation are de-
scribed with each specific method. At some point in each method, a sample
aliquot is passed through a filter. Membrane filters have a rapid flow rate
initially due to the large void volume, but the filter will clog quickly if
the sample is turbid. For this and other reasons, the MF method generally is
not suitable for turbid waters. Even with relatively clear waters, sample
filtration generally is limited to about 100 to 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 magnifi-
cation; 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 solid (agar) medium. Liquid-
broth medium is not recommended for use in the Water Resources Division.
Incubation is allowed to proceed at 35 °C for 24 to 48 hours for total
coliform and fecal streptococcal bacteria or at 44.5 °C for 24 hours for fecal
coliform bacteria. It is very important that the temperature be held within
the limits established for each method. Recent work (Green and others, 1975)
indicated that many more cells are retained on the surface of the membrane
than actually grow. Use of broth media is not recommended because optimum
cell growth depends on an adequate nutrient supply, and solid (agar) media
have been found to yield larger colony counts than broth-grown media cultures.
This is due to the larger volume (6.5 mL compared to 1.8 mL) of medium used in
the agar technique. During incubation, the petri dishes generally will lose
moisture and dry. This is particularly true of dry (air) incubators at
44.5%0.2 °C. The result of drying serves to inhibit bacterial growth, thus
underestimating the true population. 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 multiplied to visible colonial size
(usually 24- to 48-hour 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 cal-
culated and reported in terms of number of colonies per milliliter or 100 mL
of sample.

Media used in many of the methods described in this manual are commer-
cially available in a pre-mixed, dehydrated form. 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.

Collection

If valid information about the number and type of bacteria present in an
environment is to be obtained, care must be taken before, during, and after
sampling. A valid sample will be representative of the organisms present at
the site under study and will be uncontaminated by extraneous organisms.
After such a soil or water sample has been obtained, it must be processed as
quickly as possible and carefully maintained so the bacterial populations do
not change extensively.

The study objective is of overriding importance, and the final deter-
mination of the best sampling method, frequency of sample collection, and
number and distribution of sampling sites is left to the judgment of the
investigator. The sites and methods used for sampling of bacteria need to
correspond as closely as possible to those selected for chemical and other
biological sampling.

Some of the general guidelines for collecting soil and water samples
given by Hem (1985), Guy and Norman (1970), and Wood (1976, p. 1-7) can be
applied to microbiological work. However, collecting ‘valid samples for
bacterial analysis is more difficult because extra care is required to avoid
contamination and because micro-organisms rarely are distributed randomly.
Bacteria within any habitat or microhabitat probably will have a clumped or
patchy distribution. Localized differences in chemical and physical charac-
teristics, such as Eh, pH, temperature, nutrient availability, and dissolved-
oxygen concentration, will affect the size and distribution of the bacterial
population.

Although guidelines for sample collection are provided in this section,
it is impossible to provide detailed instructions on sample collection for all
possible circumstances. More extensive discussions of microbiological sam-
pling are given in the following:

1. Surface water--Rodina (1972), Collins and others (1973), and
Skinner and Shewan (1977).

2. Ground water--Dunlap and McNabb (1973), Dunlap and others (1977),
and Scalf and others (1981).

3. Soil--Black (1965), Parkinson and others (1971), and Williams and
Gray (1973).




Surface Water

The location of sampling sites and the frequency of sampling are critical
factors in obtaining meaningful data about bacterial density in any water
body. In lakes, reservoirs, deep rivers, and estuaries, bacterial abundance
may vary laterally, with depth, and with time of day. Generally, multiple
samples collected at different depths and sites within a study area yield more
reliable data than do single samples. Water in small, fast-flowing streams is
likely to be well mixed. A point sample, collected at a single transverse
position located at the centroid of flow, may be adequate (Goerlitz and Brown,
1972).

To collect a sample of water at the surface, open a sterile milk dilution
bottle or equivalent sample container, grasp it near its base, and plunge it,
neck downward, below the water surface. Allow the bottle to fill by slowly
rotating 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 a
lake, a current should be created artificially by pushing the bottle hori-
zontally forward in a direction away from the hand (American Public Health
Association and others, 1985).

Several types of microbiological sampling apparatus are available that
collect a water sample at depth. Samplers of the Kemmerer or Van Dorn type
have been used, but their use is discouraged; most of these devices are not
autoclavable, and the metallic parts, if present, can have bacteriocidal
effects if they remain in contact with the sample for a prolonged period of
time. Niskin and ZoBell samplers (Rodina, 1972) collect a sample in either a
sterile plastic bag or a sterile bottle. All of these sampling devices are
triggered by a messenger and collect samples at one point in the water column.

Samplers, such as the D-77 and DH-80, available from the Federal
Interagency Sedimentation Project, St. Anthony Falls, Hydraulic Laboratory,
Minneapolis, Minn., can be used for collecting depth-integrated samples from
flowing water. The sampler's nozzle and chamber are autoclavable.

Ground Water

Obtaining a valid sample of ground water for microbiological examination
requires care in well construction and sampling technique. During well con-
struction, the potential for contamination by the extraneous introduction of
nutrients and bacteria needs to be minimized.

Generally, the water in the casing and in proximity to the well is not
representative of the ground water at a distance from the well. Oxidation-
reduction and nutrient conditions generally are different near the well where
bacteria may be present in greater numbers than in the aquifer some distance
from the well. There is no general rule for the number of times that water in
the well casing must be cleared before collecting water samples for bacterial
analysis. The volume of pumping necessary will depend on site-specific con-
ditions and the purpose of the investigation. Public-supply, industrial, or
irrigation wells, which are pumped continuously, may give the most represen-
tative sample of aquifer water.




The possibility of external contamination during sampling can be lessened
by sterilizing all materials that will come in contact with the water sample;
however, this may be difficult during some onsite conditions. Water within
25 ft of land surface can be collected by peristaltic and other low-volume
suction pumps fitted with sterile hoses. For studies that require water
samples collected deeper than 25 ft, other types of pumps must be used. Gas-
powered, all-glass pumps that can be heat sterilized have been developed, but
these are fragile and require special care (Tomson and others, 1980). Gas-
powered squeeze pumps that fit into small-diameter wells and that may be
autoclaved also have been developed (Koopman, 1979). Portable submersible
pumps commonly are the most convenient sampling devices. Although they may be
difficult or impossible to sterilize, these pumps can be disinfected by
recirculating a chlorine solution.

Soil and Sediment

Collect soil samples using sterile procedures and place in sterile glass,
polypropylene or teflon bottles, or Whirl-Pak bags. 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 to 2 weeks in the closed container,
provided that the container is pinholed for aeration. Just prior to process-
ing, pass the entire sample through a 10-mesh sieve (2,000 pm) and mix
thoroughly before taking an aliquot for analysis. If desired, a separate
subsample may be taken for determination of dry weight (Clark, 1965).

Bottom-material sampling devices suitable for use in anaerobic environ-
ments are available. The simplest device, useful in soft muds and mucks,
consists of a length of thin-wall plastic or metal tubing. The tube is pushed
into the soil to the desired depth, and the open end is sealed with a rubber
stopper. The entire assembly then is 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., or equivalent), may be required. Fine-grained
material may be sampled by inserting a large bore hypodermic syringe or
cannula through holes drilled through the side of the coring tube. If a core
is to be subdivided, contaminants from the coring device should be removed by
trimming the perimeter of the core with sterile instruments.

Sample Containers

Samples for microbiological examination must be collected and held in
containers that have been carefully cleaned and sterilized by autoclaving at
121 °C at 1.05 kg/cm? (15 psi) for at least 15 minutes. Narrow-mouth bottles
(milk dilution) are the preferred sample containers. Caps or stoppers must be
loosened during autoclaving to allow the steam to contact all surfaces.
Alternatively, dry glassware may be sterilized in a hot air oven at 170 °C for
a minimum of 2 hours. Presterilized plastic bags (Whirl-Pak, or equivalent)
are commercially available and may be suitable for soil or bottom-material
samples but are not recommended for collection of water samples for bacterial
analysis.




Sample containers must be constructed of a material that can be steri-
lized and that is resistant to the solvent action of water. Borosilicate
glass or plastic that can be autoclaved without distortion or the production
of toxic compounds are acceptable materials. Containers made of polypropylene
and teflon are autoclavable.

Containers may be of any suitable size and shape; they must allow a
sufficient volume of sample to be collected and maintain the sample uncontami-
nated until analyses are complete. When the sample is collected, ample air
space must be left in the container to facilitate mixing of the sample by
shaking.

Bottle closures must be water tight. Ground-glass-stoppered bottles are
acceptable, as are bottles with plastic screwcap closures, provided that,
during sterilization, no bacteriostatic or nutritive compounds are produced.

Dechlorination

A dechlorinating agent should be added to sample bottles used to collect
water containing residual chlorine. Sodium thiosulfate is a satisfactory
dechlorinating agent that will neutralize any residual chlorine and prevent
continuing bacteriocidal action prior to sample processing. Add 0.1 mL of a
10-percent solution of sodium thiosulfate to each 120-mL sample container
prior to sterilization (American Public Health Association and others, 1985).
This concentration of sodium thiosulfate will neutralize a sample containing
about 15 mg/L of residual chlorine.

Chelating Agent

A chelating agent should be added to water samples suspected of con-
taining greater than 0.01 mg/L of heavy metals, such as copper, nickel, or
zinc. Add 0.3 mL of a 15-percent solution of ethylenediaminetetraacetic acid
(EDTA) tetrasodium salt to each 120-mL sample bottle prior to sterilization
(Bordner and others, 1978).

Preservation and Storage

A general rule in working with micro-organisms is that the more rapidly
the samples are processed, the more accurate the results will be. The
chemical and biological characteristics of the sample will change during
storage and no longer will be representative of conditions at the sampling
site. Therefore, microbiological analysis should begin as soon as possible
after collection, preferably within 1 hour and not more than 6 hours. Samples
should be iced or refrigerated, but never frozen, and kept in the dark during
the holding period. Sample containers should not be totally immersed in water
during storage. Under no circumstances should samples be exposed to direct
sunlight. If it is impossible to transport the sample to the laboratory
within the required period of time, onsite analytical procedures should be
considered.
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Standard Plate Count (Membrane-Filter Method)
(B-0001-85)

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

The standard plate count is an empirical method for estimating the
aerobic, heterotrophic bacterial population in a water sample. Because the
nutrient and environmental requirements of certain bacteria are unique, the
colony counts derived by this method generally underestimate the natural
population. Anaerobic bacteria and many species of autotrophic bacteria will
not grow on the specified medium, and for these, other methods must be used.

1. Applications

The method is applicable for all water with a dissolved-solids concen-
tration of less than 20,000 mg/L. The test is performed using the agar-plate
method (Bordner and others, 1978; American Public Health Association and
others, 1985). ‘

2. Summary of method

The sample is filtered onsite immediately after collection, and the
filter is placed on tryptone glucose extract (TPC) agar. After incubation at
35%0.5 °C for 24%*2 hours, the colonies are counted. Staining is used to
enhance the contrast between the bacterial colonies and the filter.

3. Interferences

3.1 Suspended materials may not permit the filtration of sample volumes
sufficient to produce significant results. Water samples with a large
suspended-solids concentration may be divided between two or more membrane
filters.

3.2 Some species of bacteria and fungi 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 microbiological testing need to be free of agents
that inhibit bacterial growth. Most of the materials and apparatus listed in
this section are available from scientific supply companies.

The following apparatus list assumes the use of an onsite kit for micro-
biological water tests, such as the portable water laboratory (Millipore, 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 are included in the portable water
laboratory (fig. 1).
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Figure 1.--Portable water laboratory. (Photograph courtesy of Millipore Corp., Bedford, Mass.)




4.1 Alcohol burner, glass or metal, containing ethyl alcohol for flame
sterilizing of forceps.

4.2 Aluminum seals, one piece, 20 mm.

4.3 Bottles, milk dilution, screwcap.

4.4 Bottles, serum.

4.5 Crimper, for attaching aluminum seals.

4.6 Decapper, for removing aluminum seals from spent tubes.

4.7 Filter-holder assembly* and syringe that has a two-way valve* or
vacuum hand pump.

4.8 Forceps*, stainless steel, smooth tips.

4.9 Graduated cylinders, 100-mL capacity.

4.10 Hypodermic syringes, sterile, 1-mL capacity, equipped with
26-gauge, 3/8-in. needles.

4.11 Hypodermic syringes, sterile, 10-mL capacity, equipped with
22-gauge, 1- to 1%-in. needles.

4.12 Incubator®, for operation at a temperature of 35%0.5 °C. A
portable incubator as provided in the portable water laboratory, or
heaterblock (fig. 2), which operates on either 115 V ac or 12 V dc, is
convenient for onsite use. A larger incubator, having more precise
temperature regulation, is satisfactory for laboratory use.

4.13 Membrane filters, white, grid, sterile, 0.45-um pore size, 47-mm
diameter, and absorbent pads.

4.14 Microscope, binocular wide-field dissecting-type, and
fluorescent lamp.

4.15 Pipets, 1-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.16 Pipets, 10-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.17 Pipettor, or pi-pump, for use with 1- and 10-mL pipets.

4.18 Plastic petri dishes with covers, disposable, sterile, 50X12 mm.

4.19 Rubber stoppers, 13X20 mm.

4.20 Sample-collection apparatus. Use an appropriate device for
collecting a representative sample from the environment to be tested,
following guidelines in the "Collection'" subsection of the "Bacteria" section.
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Figure 2.--Portable heaterblock incubator. (Photograph courtesy of
Millipore Corp., Bedford, Mass.)




4.21 Sterilizer, horizontal steam autoclave, or vertical steam
autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks
preventing removal of 1lid while pressure exists. These features are necessary
in maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

4.22 Thermometer, having a temperature range of at least 40 to 100 °C.
5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Buffered dilution water. Dissolve 34 g potassium dihydrogen
phosphate (KHzPO4) in 500 mL distilled water. Adjust to pH 7.2 using 1 N
sodium hydroxide (NaOH). Dilute to 1 L using distilled water. Sterilize in
dilution bottles at 121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Add
1.25 mL KHpPO4 solution to 1 L distilled water containing 0.1 percent peptone.
(Do not store KHyPO4 solutions for more than 3 months.) Dispense in milk
dilution or serum bottles (capped with rubber stoppers and crimped with
aluminum seals) in quantities that will provide 99%2 mL after autoclaving at
121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Allow enough space between
bottles for steam to circulate during autoclaving. Loosen caps prior to
sterilizing and tighten when bottles have cooled.

5.2 Distilled or deionized water.

5.3 Ethyl alcohol, 95-percent denatured or absolute ethyl alcohol for
sterilizing equipment. Absolute methyl alcohol also may be used for
sterilization.

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

5.5 Methylene blue staining solution. Add 3 g methylene blue dye to
300 mL of 95-percent ethyl alcohol. Dissolve 0.1 g of potassium hydroxide
(KOH) in 1 L of distilled water. Add to the alcoholic methylene blue solution
and mix well.

5.6 Tryptone glucose extract agar. Prepare medium according to manu-
facturer's instructions, using agar. Heat while stirring vigorously until the
solution becomes clear. Remove from heat immediately when clear. (Prevent
scorching or boiling over of the medium.) The agar must be dispensed into
suitably capped containers and sterilized in the autoclave at 121 °C at 1.05
kg/cm? (15 psi) for 15 minutes before the medium is added to presterilized
petri dishes (see 6.1).
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6. Analysis

The volume of the sample to be filtered depends on the expected bacterial
density of the water being tested, but the volume should be enough that, after
incubation, at least one of the membrane filters will contain from 20 to 150
colonies. 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 water: unpolluted ground water, 10- and 50-mL
samples; unpolluted surface water, 0.001-, 0.01-, 0.1-, and 1-mL samples.

6.1 Pour the agar medium at 45 to 50 °C into a petri dish bottom to a
depth of about 4 mm (6-7 mL). Replace petri dish tops (not tightly, to
prevent excessive condensation) and allow agar to solidify.

6.2 Sterilize filter-holder assembly (Note 1). In the laboratory, wrap
the funnel and filter base parts of the assembly separately in kraft paper or
polypropylene bags and sterilize in the autoclave at 121 °C at 1.05 kg/cm?
(15 psi) for 15 minutes. Steam must contact all surfaces to ensure complete
sterilization. Cool to room temperature before use.

Note 1: Onsite sterilization of filter-holder assembly needs to be in
accordance with the manufacturer's instructions but usually involves appli-
cation and ignition of methyl alcohol to produce formaldehyde. Autoclave
sterilization in the laboratory prior to the trip to the sampling site is
preferred. Sterilization must be performed at all sites.

6.3 Assemble the filter holder and, using flame-sterilized forceps
(Note 2), place a sterile membrane filter over the porous plate of the
assembly, grid side up. Carefully place funnel on filter to avoid tearing or
creasing the membrane. '

Note 2: Flame-sterilized forceps--Dip forceps in ethyl or methyl
alcohol, pass through flame to ignite alcohol, and allow to burn out. Do not
hold forceps in flame.

6.4 Shake the sample vigorously about 25 times to obtain an equal dis-
tribution of bacteria throughout the sample before transferring a measured
portion of the sample to the filter-holder assembly.

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

6.4.2 If the volume of the sample is between 1 and 10 mL, pour
about 20 mL sterilized buffered dilution water into the funnel before
transferring the measured sample onto the membrane. This facilitates
distribution of bacteria.
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6.4.3 If the volume of original water sample is less than 1 mL,
proceed as in 6.4.1 after preparing appropriate dilutions by adding the
sample to buffered dilution water in a sterile milk dilution bottle
(Note 3) in the following volumes:

Volume of sample added
Dilution to 99-milliliter Filter this volume
milk dilution bottle

1:10 11 milliliters of 1 milliliter of
original sample 1:10 dilution
1:100 1 milliliter of 1 milliliter of
original sample 1:100 dilution
1:1,000 1 milliliter of 1 milliliter of
1:10 dilution 1:1,000 dilution
1:10,000 1 milliliter of 1 milliliter of
1:100 dilution 1:10,000 dilution

Note 3: Use a sterile pipet or hypodermic syringe for each bottle.
After each transfer, close and shake the bottle vigorously at least
25 times to maintain distribution of the organisms in the sample.
Diluted samples need to be filtered within 20 minutes after preparation.

6.5 Apply vacuum and filter the sample. When vacuum is applied using a
syringe fitted with a two-way valve, proceed as follows: Attach the filter-
holder 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 assembly fills with water. Push the plunger forward to
expel air from the syringe. Continue until the entire sample has been fil-
tered. 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. If a vacuum hand pump is used, do not exceed a pressure
of 25 cm to avoid damage to bacteria.

6.6 Rinse sides of funnel twice with 20 to 30 mL of sterile buffered
dilution water while applying vacuum.

6.7 Maintaining the vacuum, remove the funnel from the base of the
filter-holder assembly and, using flame-sterilized forceps, remove the
membrane filter from the base and place it on the 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 membrane (Note 4).

Note 4: Hold the funnel while removing the membrane filter and place it
back on the base of the assembly when the membrane filter has been removed.
Placement of the funnel on anything but the base of the assembly may result in
contamination of the funnel.

6.8 Place top on petri dish and proceed with filtration of the next

volume of water. Filter in order of increasing sample volume, rinsing with
sterile buffered dilution water between filtrations.
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6.9 Clearly mark the lid of each plastic petri dish indicating location,
time of collection, time of incubation, sample number, and sample volume. Use
a waterproof felt-tip marker or grease pencil.

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

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

6.12 Incubate the filters in the tightly closed petri dishes in an
inverted position (agar and filter at the top) at 35%0.5 °C for 24%*2 hours.

Filters need to be incubated within 20 minutes after placement on medium.

6.13 After incubation, saturate an absorbent pad with 1.8 mL of
methylene blue staining solution.

6.14 Transfer incubated filter with developed colonies to the newly
saturated pad and wait 15 minutes.

6.15 Count the colonies, which will be dark blue against a lighter color
background. The counts are best made using 10X to 15X magnification.
Illumination is not critical.

6.16 Autoclave all cultures at 121 °C at 1.05 kg/cm2 (15 psi) for 15 to
30 minutes before discarding.

7. Calculations

7.1 1If only one filter has a colony count between the ideal of 20 and
150, use the equation:

Number of colonies counted

Colonies/mL =
Volume of original sample filtered (milliliters)

7.2 If all filters have colony counts less than the ideal of 20 colonies
or greater than 150 colonies, calculate using the equations in 7.5 for only
those filters having at least one colony and not having colonies too numerous
to count. Report results as number per milliliter, followed by the statement,
"Estimated count based on nonideal colony count."

7.3 If no filters contain colonies, report a maximum estimated value.
Assume a count of one colony for the largest sample volume filtered, then
calculate using the equation in 7.1. Report the results as less than (<) the
calculated value.

7.4 If all filters have colonies too numerous to count, report a minimum
estimated value. Assume a count of 150 for the smallest sample volume
filtered, then calculate using the equation in 7.1. Report the results as
greater than (>) the calculated value.
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7.5 Sometimes two or more filters of a series will produce colony counts
within the ideal counting range. Make colony counts for all such filters.
The method for calculating and averaging is as follows (Note 5):

Volume filter 1 Colony count filter 1
+ Volume filter 2 + Colony count filter 2
Volume sum Colony count sum

Colony count sum
Colonies/mL =

Volume sum (milliliters)

Note 5: Do not calculate the total colonies per milliliter for each
volume filtered and then average the results.

8. Reporting of results

Report number of colonies per milliliter to two significant figures and

designate as ''standard plate count at 35 °C." Never report a count as less
than one.

9. Precision

No numerical precision data are available.

10. References cited

American Public Health Association, American Water Works Association, and
Water Pollution Control Federation, 1985, Standard methods for the
examination of water and wastewater (16th ed.): Washington, D.C.,
American Public Health Association, 1,268 p.

Bordner, R. H., Winter, J. A., and Scarpino, Pasquale, eds., 1978,
Microbiological methods for monitoring the environment, water and wastes:

Cincinnati, Ohio, U.S. Environmental Protection Agency, EPA-600/8-78-017,
338 p.
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Total Coliform Bacteria (Membrane-Filter Method)

Immediate Incubation Test
(B-0025-85)

Parameter and Code:
Coliform, membrane filter, immediate M-Endo medium
(colonies/100 mL): 31501

The standard test for presence of members of the coliform group may be
made by using the following membrane-filter method or by using the multiple-
tube test described in the '"Presumptive Test,'" "Presumptive Onsite Test," and
"Confirmation Test" subsections in the "Total Coliform Bacteria (Most-
Probable-Number, MPN, Method)" section, or in Bordner and others (1978) and
American Public Health Association and others (1985).

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

1. Applications

The membrane-filter method is applicable to fresh and saline water. The
test is performed using the agar-plate method.

2. Summary of method

The sample is filtered onsite immediately after collection, and the
filter is placed on a nutrient medium designed to stimulate the growth of
members of the coliform group and to suppress the growth of most noncoliform
organisms. After incubation at 35%0.5 °C for 22 to 24 hours, the colonies are
counted.

3. Interferences

3.1 Suspended materials may inhibit the filtration of sample volumes
sufficient to produce significant results. Coliform colony formation on the
filter may be inhibited by large numbers of noncoliform colonies, by the
presence of algal filaments and detritus, or by toxic substances.

3.2 Water samples having a large suspended-solids concentration may be
divided between two or more membrane filters. The multiple-tube test, which
is described in this chapter, will give the most reliable results when
suspended-solids concentration are large and coliform counts are small.

4. Apparatus
All materials used in microbiological testing need to be free of agents

that inhibit bacterial growth. Most of the materials and apparatus listed in
this section are available from scientific supply companies.
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The following apparatus list assumes the use of an onsite kit for
microbiological water tests, such as the portable water laboratory (Millipore,
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 are included in the portable water
laboratory (fig. 1).

4.

1 Alcohol burner, glass or metal, containing ethyl alcohol for flame

sterilizing of forceps.

4.

4.

4.

4,

4.

4.

vacuum

2 Aluminum seals, one piece, 20 mm.

3 Bottles, milk dilution, screwcap.

4 Bottles, serum.

5 Crimper, for attaching aluminum seals.

6 Decapper, for removing aluminum seals from spent tubes.

7 Filter-holder assembly* and syringe that has a two-way valve* or
hand pump.

4.
4.

4.

8 Forceps®*, stainless steel, smooth tips.

9 Graduated cylinders, 100-mL capacity.

10 Hypodermic syringes, sterile, 1-mL capacity, equipped with

26-gauge, 3/8-in. needles.

4.

11 Hypodermic syringes, sterile, 10-mL capacity, equipped with

22-gauge, 1- to 1%-in. needles.

4,

12 Incubator®*, for operation at a temperature of 35%0.5 °C. A

portable incubator as provided in the portable water laboratory, or
heaterblock (fig. 2), which operates on either 115 V ac or 12 V dc, is
convenient for onsite use. A larger incubator, having more precise
temperature regulation, is satisfactory for laboratory use.

4.

13 Membrane filters, white, grid, sterile, 0.45- or 0.7-um mean pore

size, 47-mm diameter, and absorbent pads.

4.

14 Microscope, binocular wide-field dissecting-type, and

fluorescent lamp.

4.

having

4
having

4

15 Pipets, 1-mL capacity, sterile, disposable, glass or plastic,
cotton plugs.

.16 Pipets, 10-mL capacity, sterile, disposable, glass or plastic,

cotton plugs.

.17 Pipettor, or pi-pump, for use with 1- and 10-mL pipets.
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4.18 Plastic petri dishes with covers, disposable, sterile, 50X12 mm.

4.19 Rubber stoppers, 13X20 mm.

4.20 Sample-collection apparatus. Use an appropriate device for col-
lecting a representative sample from the environment to be tested, following
guidelines in the "Collection'" subsection of the '"Bacteria' section.

4.21 Sterilizer, horizontal steam autoclave, or vertical steam
autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks
preventing removal of 1lid while pressure exists. These features are necessary
in maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

4.22 Thermometer, having a temperature range of at least 40 to 100 °C.
5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Buffered dilution water. Dissolve 34 g potassium dihydrogen
phosphate (KHzPO4) in 500 mL distilled water. Adjust to pH 7.2 using 1 N
sodium hydroxide (NaOH). Dilute to 1 L using distilled water. Sterilize in
dilution bottles at 121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Add 1.25
mL KHoPO4 solution to 1 L distilled water containing 0.1 percent peptone. (Do
not store KHyPO4 solutions for more than 3 months.) Dispense in milk dilution
or serum bottles (capped with rubber stoppers and crimped with aluminum seals)
in quantities that will provide 99*2 mL after autoclaving at 121 °C at 1.05
kg/cm? (15 psi) for 20 minutes. Allow enough space between bottles for steam
to circulate during autoclaving. Loosen caps prior to sterilizing and tighten
when bottles have cooled.

5.2 Distilled or deonized water.

5.3 Ethyl alcohol, 95-percent denatured or absolute ethyl alcohol for
sterilizing equipment. Absolute methyl alcohol also may be used for
sterilization.

5.4 M-Endo agar. Add 4.8 g of M-Endo broth MF to 100 mL 2 percent
nondenatured ethyl alcohol, then add 1.5 g agar. Stir well and place the
beaker containing the medium in a boiling water bath and heat the medium to
96 °C, stirring constantly. Do not autoclave the medium. When the medium
begins to boil, promptly remove from heat and cool to 45 to 50 °C. Pour
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to a depth of 4 mm (6-7 mL) in 50-mm petri dish bottoms. When the medium
solidifies, store the prepared petri dishes at 2 to 10 °C for a maximum period
of 4 to 5 days.

5.5 Methyl alcohol, absolute, for sterilizing filter-holder assembly.

6. Analysis

The volumes of the sample to be filtered depend on the expected bacterial
density of the water being tested, but the volumes should be enough that,
after incubation, at least one of the membrane filters will contain from 20 to
80 total coliform colonies and not more than 200 of all types (total coliform
plus noncoliform colonies). It is extremely important that the limitation on
total coliform colonies be observed, otherwise the medium used in the method
may not support development of the characteristic metallic sheen. If the
upper limit of 80 total 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 total coliform colonies per membrane filter is
arbitrarily set as a number below which statistical validity becomes ques-
tionable. However, even with a bacterial population of 200 or fewer colonies
(coliform plus noncoliform) per 100 mL of sample, fewer than 20 total coliform
colonies will be present on the membrane filter of some samples.

The following sample volumes are suggested for filtration:

1. Unpolluted raw surface water: 0.1-, 0.4-, 1.5-, 6-, 25-, and 100-mL
samples will include a range of 20 to 80,000 total coliform colonies
per 100 mL using the criterion of 20 to 80 total coliform colonies on
a filter as an ideal determination.

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

6.1 Sterilize filter-holder assembly (Note 1). In the laboratory, wrap
the funnel and filter base parts of the assembly separately in kraft paper or
polypropylene bags and sterilize in the autoclave at 121 °C at 1.05 kg/cm?
(15 psi) for 15 minutes. Steam must contact all surfaces to ensure complete
sterilization. Cool to room temperature before use.

Note 1: Onsite sterilization of filter-holder assembly needs to be in
accordance with the manufacturer's instructions but usually involves
application and ignition of methyl alcohol to produce formaldehyde. Autoclave
sterilization in the laboratory prior to the trip to the sampling site is
preferred. Sterilization must be performed at all sites.

6.2 Assemble the filter holder and, using flame-sterilized forceps
(Note 2), place a sterile membrane filter over the porous plate of the
assembly, grid side up. Carefully place funnel on filter to avoid tearing or
creasing the membrane.
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Note 2: Flame-sterilized forceps--Dip forceps in ethyl or methyl
alcohol, pass through flame to ignite alcohol, and allow to burn out. Do not
hold forceps in flame.

6.3 Shake the sample vigorously about 25 times to obtain an equal
distribution of bacteria throughout the sample before transferring a measured
portion of the sample to the filter-holder assembly.

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

6.3.2 If the volume of the sample is between 1 and 10 mL, pour
about 20 mL sterilized buffered dilution water into the funnel before
transferring the measured sample onto the membrane. This facilitates
distribution of bacteria.

6.3.3 If the volume of original water sample is less than 1 mL,
proceed as in 6.3.1 after preparing appropriate dilutions by adding the
sample to buffered dilution water in a sterile milk dilution bottle
(Note 3) in the following volumes:

Volume of sample added
Dilution to 99-milliliter Filter this volume
milk dilution bottle

1:10 11 milliliters of 1 milliliter of
original sample 1:10 dilution
1:100 1 milliliter of 1 milliliter of
original sample 1:100 dilution
1:1,000 1 milliliter 1 milliliter of
of 1:10 dilution 1:1,000 dilution
1:10,000 1 milliliter 1 milliliter of
of 1:100 dilution 1:10,000 dilution

Note 3: Use a sterile pipet or hypodermic syringe for each bottle.
After each transfer, close and shake the bottle vigorously at least
25 times to maintain distribution of the organisms in the sample.
Diluted samples need to be filtered within 20 minutes after preparation.

6.4 Apply vacuum and filter the sample. When vacuum is applied using a
syringe fitted with a two-way valve, proceed as follows: Attach the filter-
holder 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 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. If a vacuum hand pump is used, do not exceed a
pressure of 25 cm to avoid damage to bacteria.
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6.5 Rinse sides of funnel twice with 20 to 30 mL of sterile buffered
dilution water while applying vacuum.

6.6 Maintaining the vacuum, remove the funnel from the base of the
filter-holder assembly and, using flame-sterilized forceps, remove the
membrane filter from the base and place it on the 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 membrane (Note 4).

Note 4: Hold the funnel while removing the membrane filter and place it
back on the base of the assembly when the membrane filter has been removed.
Placement of the funnel on anything but the base of the assembly may result in
contamination of the funnel.

6.7 Place top on petri dish and proceed with filtration of the next
volume of water. Filter in order of increasing sample volume, rinsing with
sterile buffered dilution water between filtrations.

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

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

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

6.11 Incubate the filters in the tightly closed petri dishes in an
inverted position (agar and filter at the top) at 35%0.5 °C for 22 to
24 hours. Filters need to be incubated within 20 minutes after placement on
medium.

6.12 Using forceps, remove the filters and allow to dry for at least 1
minute on an absorbent surface. Membranes that have colonies having poor
sheen production can be allowed to dry completely. This will enhance sheen
production.

6.13 Count the number of coliform sheen colonies, that is, dark colonies
having a golden-green metallic sheen. The sheen may cover the entire colony
or appear only in a central area or on the periphery. The color plate in
Millipore Corp. (1973, p. 42) may be helpful in identifying total coliform
colonies. The counts are best made using 10X to 15X magnification. Place the
illuminator (fluorescent) as directly above the filter as possible.

6.14 Autoclave all cultures at 121 °C at 1.05 kg/cm? (15 psi) for 15 to
30 minutes before discarding.
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7. Calculations

7.1 If only one filter has a colony count between the ideal of 20 and
80, use the equation:

Number of colonies counted X 100

Total coliform colonies/100 mL = :
Volume of original sample filtered
(milliliters)

7.2 If all filters have counts less than the ideal of 20 colonies or
greater than 80 colonies, calculate using the equations in 7.5 for only those
filters having at least one colony and not having colonies too numerous to
count. Report results as number per 100 mL, followed by the statement,
"Estimated count based on nonideal colony count."

7.3 If no filters develop characteristic total coliform colonies, report
a maximum estimated value. Assume a count of one colony for the largest
sample volume filtered, then calculate using the equation in 7.1. Report the
results as less than (<) the calculated value per 100 mL.

7.4 If all filters have colonies too numerous to count, report a minimum
estimated value. Assume a count of 80 total coliform colonies for the
smallest sample volume filtered, then calculate using the equation in 7.1.
Report the results as greater than (>) the calculated value per 100 mL.

7.5 Sometimes two or more filters of a series will produce colony counts
within the ideal counting range. Make colony counts for all such filters.
The method for calculating and averaging is as follows (Note 5):

Volume filter 1 Colony count filter 1
+ Volume filter 2 + Colony count filter 2
Volume sum Colony count sum

Colony count sum X 100

Total coliform colonies/100 mL =
Volume sum (milliliters)

Note 5: Do not calculate the total coliform colonies per 100 mL for each
volume filtered and then average the results.

8. Reporting of results

Report total coliform concentration as total coliform colonies per
100 mL, M-Endo immediate incubation at 35 °C as follows: less than
10 colonies, whole numbers; 10 or more colonies, two significant figures.

9. Precision

No numerical precision data are available.
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Total Coliform Bacteria (Membrane-Filter Method)

Delayed Incubation Test
(B-0030-85)

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

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

1. Applications

The method is applicable to fresh and saline water. It is used when 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 trans-
ferred 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.

2. Summary of method

The sample is filtered onsite immediately after collection, and the
filter is placed on a holding medium and shipped to the laboratory. The
holding medium maintains the viability of the coliform organisms and generally
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%0.5 °C for 20 to 22 hours, and counting the
typical coliform colonies.

3. Interferences

3.1 Suspended materials may inhibit the filtration of sample volumes
sufficient to produce significant results. Coliform colony formation on the
filter may be inhibited by large numbers of noncoliform colonies, by the
presence of algal filaments and detritus, or by toxic substances.

3.2 Water samples having a large suspended-solids concentration may be
divided between two or more membrane filters.

4. Apparatus

All materials used in microbiological testing need to be free of agents
that inhibit bacterial growth. Most of the materials and apparatus listed in
this section are available from scientific supply companies.

The following apparatus list assumes the use of an onsite kit for
microbiological water tests, such as the portable water laboratory (Millipore,
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 are included in the portable water
laboratory (fig. 1).
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4.1 Alcohol burner, glass or metal, containing ethyl alcohol for flame
sterilizing of forceps.

4.2 Aluminum seals, one piece, 20 mm.

4.3 Bottles, milk dilution, screwcap.

4.4 Bottles, serum.

4.5 Crimper, for attaching aluminum seals.

4.6 Decapper, for removing aluminum seals from spent tubes.

4.7 Filter-holder assembly* and syringe that has a two-way valve* or
vacuum hand pump.

4.8 Forceps®, stainless steel, smooth tips.

4.9 Graduated cylinders, 100-mL capacity.

4.10 Hypodermic syringes, sterile, 1-mL capacity, equipped with
26-gauge, 3/8-in. needles.

4.11 Hypodermic syringes, sterile, 10-mL capacity, equipped with
22-gauge, 1- to 1%-in. needles.

4.12 Incubator®, for operation at a temperature of 35%0.5 °C. A
portable incubator as provided in the portable water laboratory, or
heaterblock (fig. 2), which operates on either 115 V ac or 12 V dc, is
convenient for onsite use. A larger incubator, having more precise
temperature regulation, is satisfactory for laboratory use.

4.13 Membrane filters, white, grid, sterile, 0.45- or 0.7-pm mean pore
size, 47-mm diameter, and absorbent pads.

4.14 Microscope, binocular wide-field dissecting-type, and
fluorescent lamp.

4.15 Pipets, 1-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.16 Pipets, 10-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.17 Pipettor, or pi-pump, for use with 1- and 10-mL pipets.

4.18 Plastic petri dishes with covers, disposable, sterile, 50X12 mm.

4.19 Rubber stoppers, 13X20 mm.

4.20 Sample-collection apparatus. Use an appropriate device for
collecting a representative sample from the environment to be tested,
following guidelines in the '"Collection' subsection of the 'Bacteria' section.
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4.21 Sterilizer, horizontal steam autoclave, or vertical steam
autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks pre-
venting removal of 1lid while pressure exists. These features are necessary in
maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

4.22 Thermometer, having a temperature range of at least 40 to 100 °C.
5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Buffered dilution water. Dissolve 34 g potassium dihydrogen
phosphate (KHyPO4) in 500 mL distilled water. Adjust to pH 7.2 using 1 N
sodium hydroxide (NaOH). Dilute to 1 L using distilled water. Sterilize in
dilution bottles at 121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Add 1.25 mL
KH,PO4 solution to 1 L distilled water containing 0.1 percent peptone. (Do
not store KHoPO4 solutions for more than 3 months.) Dispense in milk dilution
or serum bottles (capped with rubber stoppers and crimped with aluminum seals)
in quantities that will provide 99%2 mL after autoclaving at 121 °C at 1.05
kg/cm2 (15 psi) for 20 minutes. Allow enough space between bottles for steam
to circulate during autoclaving. Loosen caps prior to sterilizing and tighten
when bottles have cooled.

5.2 Cyclohexamide. Dissolve 500 mg of cyclohexamide in 10 mL distilled
water. The cyclohexamide solution needs to be refrigerated; storage should
not exceed 6 months.

CAUTION.--Cyclohexamide is a powerful skin irritant and needs to be
handled according to the manufacturer's directions. Add 1 mL of cyclohexamide
solution to 100 mL of M-Endo preservative medium described in 5.6.

5.3 Distilled or deonized water.

5.4 Ethyl alcohol, 95-percent denatured or absolute ethyl alcohol for
sterilizing equipment. Absolute methyl alcohol also may be used for
sterilization.

5.5 M-Endo agar. Add 4.8 g of M-Endo broth MF to 100 mL 2 percent
nondenatured ethyl alcohol, then add 1.5 g agar. Stir well and place the
beaker containing the medium in a boiling water bath and heat the medium to
96 °C, stirring constantly. Do not autoclave the medium. When the medium
begins to boil, promptly remove from heat and cool to 45 to 50 °C. Pour
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to a depth of 4 mm (6-7 mL) in 50-mm petri dish bottoms. When the medium
solidifies, store the prepared petri dishes at 2 to 10 °C for a maximum period
of 4 to 5 days.

5.6 M-Endo preservative medium. Add 4.8 g M-Endo broth MF to 100 mL
2 percent nondenatured ethyl alcohol in a beaker and stir for 3 minutes.
Place the beaker on a hot plate and heat to boiling, stirring constantly.
(Prevent scorching or boiling over of the medium.) When the medium reaches
the boiling point, promptly remove from heat and cool to less than 45 °C. Do
not sterilize by autoclaving. To 100 mL of M-Endo broth, add 3.2 mL 12
percent sodium benzoate solution. Store the finished medium in the dark at
2 to 10 °C for a maximum period of 4 to 5 days.

5.7 Methyl alcohol, absolute, for sterilizing filter-holder assembly.

5.8 Sodium benzoate solution, 12 percent. Dissolve 12 g sodium benzoate
(C7HsNaOy) in sufficient distilled water to make 100 mL. Sterilize by
filtration through a 0.45-pm pore-size membrane filter or autoclave at 121 °C
at 1.05 kg/cm? (15 psi) for 15 minutes. Discard unused solution after
6 months.

6. Analysis

The volumes of sample to be filtered depend on the expected bacterial
density of the water being tested, but the volumes should be enough that,
after incubation, at least one of the membrane filters will contain from 20
to 80 total coliform colonies and not more than 200 of all types (total
coliform plus noncoliform colonies). It is extremely important that the
limitation on total coliform colonies be observed, otherwise the medium used
in the method may not support development of the characteristic metallic
sheen. If the upper limit of 80 total 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 total coliform colonies per membrane filter is
arbitrarily set as a number below which statistical validity becomes
questionable. However, even with a bacterial population of 200 or fewer
colonies (coliform plus noncoliform) per 100 mL of sample, fewer than 20 total
coliform colonies will be present on the membrane filter of some samples.

The following sample volumes are suggested for filtration:

1. Unpolluted raw surface water: 0.1-, 0.4-, 1.5-, 6-, 25-, and 100-mL
samples will include a range of 20 to 80,000 total coliform colonies per
100 mL using the criterion of 20 to 80 total coliform colonies on a
filter as an ideal determination.

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

6.1 Place a sterile absorbent pad in the bottom (larger half) of each
sterile plastic petri dish using flame-sterilized forceps (Note 1).
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Note 1: Flame-sterilized forceps--Dip forceps in ethyl or methyl

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

6.2 Saturate each pad with about 2 mL M-Endo preservative medium and
tilt the petri dish to expel excess liquid. Replace petri dish tops (not
tightly to prevent excessive condensation).

6.3 Sterilize filter-holder assembly (Note 2). In the laboratory, wrap
the funnel and filter base parts of the assembly separately in kraft paper or
polypropylene bags and sterilize in the autoclave at 121 °C at 1.05 kg/cm?
(15 psi) for 15 minutes. Cool to room temperature before use.

Note 2: Onsite sterilization of filter-holder assembly needs to be in
accordance with the manufacturer's instructions but usually involves applica-
tion and ignition of methyl alcohol to produce formaldehyde. Autoclave
sterilization in the laboratory prior to the trip to the sampling site is
preferred. Sterilization must be performed at all sites.

6.4 Assemble the filter holder and, using flame-sterilized forceps,
place a sterile membrane filter over the porous plate of the assembly, grid

side up. Carefully place funnel on filter to avoid tearing or creasing the
membrane.

6.5 Shake the sample vigorously about 25 times to obtain an equal dis-
tribution of bacteria throughout the sample before transferring a measured
portion of the sample to the filter-holder assembly.

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

6.5.2 If the volume of sample is between 1 and 10 mL, pour about
20 mL sterilized buffered dilution water into the funnel before trans-
ferring the measured sample onto the membrane. This facilitates dis-
tribution of bacteria.

6.5.3 If the volume of original water sample is less than 1 mL,
proceed as in 6.5.1 after preparing appropriate dilutions by adding the
sample to buffered dilution water in a sterile milk dilution bottle
(Note 3) in the following volumes:

Volume of sample added
Dilution to 99-milliliter Filter this volume
milk dilution bottle

1:10 11 milliliters of 1 milliliter of
original sample 1:10 dilution
1:100 1 milliliter of 1 milliliter of
original sample 1:100 dilution
1:1,000 1 milliliter of 1 milliliter of
1:10 dilution 1:1,000 dilution
1:10,000 1 milliliter of 1 milliliter of
1:100 dilution 1:10,000 dilution
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Note 3: Use a sterile pipet or hypodermic syringe for each bottle.
After each transfer, close and shake the bottle vigorously at least
25 times to maintain distribution of the organisms in the sample.
Diluted samples need to be filtered within 20 minutes after preparation.

6.6 Apply vacuum and filter the sample. When vacuum is applied using a
syringe fitted with a two-way valve, proceed as follows: Attach the filter-
holder 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 assembly fills with water. Push the plunger forward to
expel air from the syringe. Continue until the entire sample has been fil-
tered. 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. If a vacuum hand pump is used, do not exceed a pressure
of 25 cm to avoid damage to bacteria.

6.7 Rinse sides of funnel twice with 20 to 30 mL of sterile buffered
dilution water while applying vacuum.

6.8 Maintaining the vacuum, remove the funnel from the base of the
filter-holder assembly and, using flame-sterilized forceps, remove the
membrane filter from the 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 (Note 4).

Note 4: Hold the funnel while removing the membrane filter and place it
back on the base of the assembly when the membrane filter has been removed.
Placement of the funnel on anything but the base of the assembly may result in
contamination of the funnel.

6.9 Place top on petri dish and proceed with filtration of the next
volume of water. Filter in order of increasing sample volume, rinsing with
sterile buffered dilution water between filtrations.

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

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

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

6.13 Place the petri dish containing the membrane filter in an insulated
shipping container and mail. The container needs to arrive in the laboratory
within 72 hours. Limited bacterial growth sometimes occurs on the preserva-
tive medium when high temperatures are encountered.

6.14 In the laboratory, transfer the membrane from the petri dish in

which it was shipped to a fresh sterile petri dish containing M-Endo agar. Use
sterile forceps and ensure a good contact between the filter and medium.
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6.15 Incubate the filters in the tightly closed petri dishes in an
inverted position (agar and filter at the top) at 35%0.5 °C for 20 to
22 hours. Filters need to be incubated within 20 minutes after placement on
medium.

6.16 Using forceps, remove the filters and allow to dry for at least
1 minute on an absorbent surface. Membranes that have colonies having poor
sheen production can be allowed to dry completely. This will enhance sheen
production.

6.17 Count the number of coliform sheen colonies, that is, dark colonies
having a golden-green metallic sheen. The sheen may cover the entire colony
or appear only in a central area or on the periphery. The color plate in
Millipore Corp. (1973, p. 42) may be helpful in identifying total coliform
colonies. The counts are best made using 10X to 15X magnification. Place the
illuminator (fluorescent) as directly above the filter as possible.

6.18 Autoclave all cultures at 121 °C at 1.05 kg/cm? (15 psi) for 15 to
30 minutes before discarding.

7. Calculations

7.1 1If only one filter has a colony count between the ideal of 20 and
80, use the equation:

Number of colonies counted X 100
Total coliform colonies/100 mL =

Volume of original sample filtered
(milliliters)

7.2 If all filters have counts less than the ideal of 20 colonies or
greater than 80 colonies, calculate using the equations in 7.5 for only those
filters having at least one colony and not having colonies too numerous to
count. Report results as number per 100 mL, followed by the statement,
"Estimated count based on nonideal colony count."

7.3 If no filters develop characteristic total coliform colonies, report
a maximum estimated value. Assume a count of one colony for the largest
sample volume filtered, then calculate using the equation in 7.1. Report the
results as less than (<) calculated value per 100 mL.

7.4 If all filters have colonies too numerous to count, report a minimum
estimated value. Assume a count of 80 total coliform colonies for the
smallest sample volume filtered, then calculate using the equation in 7.1.
Report the results as greater than (>) the calculated value per 100 mL.
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7.5 Sometimes two or more filters of a series will produce colony counts
within the ideal counting range. Make colony counts for all such filters.
The method for calculating and averaging is as follows (Note 5):

Volume filter 1 Colony count filter 1
+ Volume filter 2 + Colony count filter 2
Volume sum Colony count sum

Colony count sum X 100
Total coliform colonies/100 mL =

Volume sum (milliliters)

Note 5: Do not calculate the total coliform colonies per 100 mL for each
volume filtered and then average the results.

8. Reporting of results

Report the total coliform concentration as total coliform colonies per
100 mL, M-Endo delayed incubation at 35 °C as follows: 1less than 10 colonies,
whole numbers; 10 or more colonies, two significant figures.
9. Precision

No numerical precision data are available.

10. References cited

Millipore Corp., 1973, Biological analysis of water and wastewater: Bedford,
Mass., Application Manual AM302, 84 p.
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Total Coliform Bacteria (Most-Probable-Number, MPN, Method)

Presumptive Test
(B-0035-85)

Parameter and Code:
Coliform, presumptive (MPN): 31507

1. Applications

This method is applicable to fresh and saline water, water having large
suspended-solids concentration, and water having large populations of non-
coliform bacteria.

2. Summary of method

Decimal dilutions of multiple sample aliquots are inoculated into lauryl
tryptose broth. The cultures are incubated at 35%0.5 °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 or serum
bottles. Do not use the presumptive test unless the confirmation test
(B-0045-85) also is done.

3. Interferences

Large concentrations of heavy metals or toxic chemicals may interfere
when large volumes of sample are added to small volumes of concentrated lauryl
tryptose broth. Certain noncoliform organisms can ferment lactose with gas
formation.

4. Apparatus

All materials used in microbiological testing need to be free of agents
that inhibit bacterial growth. Most of the materials and apparatus listed in
this section are available from scientific supply companies.

The following apparatus list assumes the use of an onsite kit for micro-
biological water tests, such as the portable water laboratory (Millipore, 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 are included in the portable water
laboratory (fig. 1).

4.1 Aluminum seals, one piece, 20 mm.

4.2 Bottles, milk dilution, screwcap.
4.3 Bottles, serum.

4.4 Crimper, for attaching aluminum seals.

37



4.5 Culture tubes and durham (fermentation) tubes. Two combinations of
culture tubes and durham (fermentation) tubes may be used. The choice will
depend on the volume of water to be tested. The durham tube, used to detect
gas production, must be completely filled with medium and at least partly
submerged in the culture tube. The following combinations have been
satisfactory:

4.5.1 For testing 10-mL aliquots, use borosilicate glass culture
tubes, 20X150 mm; tube caps, 20 mm; and use borosilicate glass culture
tubes, 10X75 mm, as durham tubes.

4.5.2 For testing 1-mL or small aliquots, use borosilicate glass
culture tubes, 16X125 mm; tube caps, 16 mm; and use flint glass culture

tubes, 6X50 mm, as durham tubes.

4.6 Culture-tube rack, galvanized, for 16- and 20-mm culture tubes.

4.7 Decapper, for removing aluminum seals from spent tubes.

4.8 Hypodermic syringes, sterile, 1-mL capacity, equipped with 26-gauge,
3/8-in. needles.

4.9 Hypodermic syringes, sterile, 10-mL capacity, equipped with
22-gauge, 1- to 1%-in. needles.

4.10 Incubator®, for operation at a temperature of 35%0.5 °C. A
portable incubator as provided in the portable water laboratory, or
heaterblock (fig. 2), which operates on either 115 V ac or 12 V dc, is
convenient for onsite use. A larger incubator, having more precise
temperature regulation, is satisfactory for laboratory use.

4.11 Pipets, 1-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.12 Pipets, 10-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.13 Pipettor, or pi-pump, for use with 1- and 10-mL pipets.

4.14 Rubber stoppers, 13X20 mm.

4.15 Sample-collection apparatus. Use an appropriate device for col-
lecting a representative sample from the environment to be tested, following
guidelines in the "Collection'" subsection of the '"Bacteria'" section.

4.16 Sterilizer, horizontal steam autoclave, or vertical steam
autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
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eliminating gaskets, automatic pressure-release valve, and clamping locks
preventing removal of lid while pressure exists. These features are necessary
in maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Buffered dilution water. Dissolve 34 g potassium dihydrogen phos-
phate (KH2PO4) in 500 mL distilled water. Adjust to pH 7.2 using 1 N sodium
hydroxide (NaOH). Dilute to 1 L using distilled water. Sterilize in dilution
bottles at 121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Add 1.25 mL KHyPOg4
solution to 1 L distilled water containing 0.1 percent peptone. (Do not store
KHyPO4 solutions for more than 3 months.) Dispense in milk dilution or serum
bottles (capped with rubber stoppers and crimped with aluminum seals) in quan-
tities that will provide 99%2 mL after autoclaving at 121 °C at 1.05 kg/cm?
(15 psi) for 20 minutes. Allow enough space between bottles for steam to
circulate during autoclaving. Loosen caps prior to sterilizing and tighten
when bottles have cooled.

5.2 Distilled or deionized water.

5.3 Lauryl tryptose broth. Use premixed lauryl tryptose broth or lauryl
sulfate broth, and prepare according to directions on bottle label. The
medium also may be prepared according to American Public Health Association
and others (1985).

5.3.1 Place 10 mL of medium containing 71.2 g/L lauryl tryptose
broth or lauryl sulfate broth in a 20X150-mm culture tube for each 10-mL
aliquot of sample to be tested.

5.3.2 Place 10 mL of medium containing 35.6 g/L lauryl tryptose
broth or lauryl sulfate broth in a 16X125-mm culture tube for each 1-mL
or smaller aliquot of sample to be tested.

5.3.3 1In each culture tube, place an inverted (mouth downward)
durham tube (fig. 3). Sterilize culture tubes in upright position at
121 °C at 1.05 kg/cm? (15 psi) for 15 minutes as soon as possible after
dispensing medium. Air will be expelled from the inverted durham tubes
during heating; each will fill completely with medium during cooling.
Discard any culture tubes in which air bubbles are visible in the durham
tubes.
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Culture tube
or
serum bottle

Cap

Unsterilized Sterilized
medium medium

Figure 3.--Preparation of culture tube or serum bottle: (A) Invert
durham tube inside culture tube or serum bottle; (B) add unsterilized

medium and cap; (C) durham tube fills with medium following
sterilization.
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6. Analysis

Two questions must be answered when planning a multiple-tube test:
1. What volumes of water need to be tested?
2. How many culture tubes of each volume need to be tested?

Choose a range of volumes so positive and negative results are obtained
throughout the range tested. The method fails if only positive or only
negative results are obtained when all volumes are tested. The number of
culture 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 also are increased. A five-
tube series is described below. The following sample volumes are suggested:

1. Unpolluted raw surface water: 0.1-, 1-, and 10-mL samples will include
an MPN range of <2 to >2,400 coliforms per 100 mL.

2. Polluted raw surface water: 0.001-, 0.01-, 0.1-, and 1-mL samples will
include an MPN range of 20 to 240,000 coliforms per 100 mL.

6.1 Set up five culture tubes of lauryl tryptose broth for each sample
volume to be tested.

6.1.1 If the volume to be tested is 0.1 mL or more, transfer the

measured samples directly to the culture tubes using sterile pipets
(Note 1).

6.1.2 If the volume of original water sample is less than 0.1 mL,
proceed as in 6.1.1 after preparing appropriate dilutions by adding the
sample to buffered dilution water in a sterile milk dilution bottle in
the following volumes:

Volume of sample added
Dilution to 99-milliliter Size of inoculum
milk dilution bottle

1216 0 eeemecemeseseefee- 0.1 milliliter of
original sample
1:100 1 milliliter of 1 milliliter of
original sample 1:100 dilution
1:1,000 = mmmmeee—e———————— 0.1 milliliter of
1:100 dilution
1:10,000 1 milliliter of 1 milliliter of
1:100 dilution 1:10,000 dilution
1:100,000 = ~emeeemcecemeeee- 0.1 milliliter of

1:10,000 dilution
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Note 1: Use a sterile pipet or hypodermic syringe for each bottle.
After each transfer, close and shake the bottle vigorously at least
25 times to maintain distribution of the organisms in the sample.
Diluted samples need to be inoculated within 20 minutes after
preparation.

6.2 Clearly mark each set of culture tubes indicating location, time of
collection, sample number, and sample volume. Code each tube for easy
identification.

6.3 Place the inoculated culture tubes in the culture-tube rack and
incubate at 35%0.5 °C for 24*2 hours. Tubes must be maintained in an upright
position.

6.4 Remove culture tubes from incubator and examine. Gas in any quan-
tity in the durham tube, even a pinhead-sized bubble, constitutes a positive
test (fig. 4). The appearance of an air bubble must not be confused with
actual gas production. If the gas is formed as a result of fermentation, the
broth medium will become cloudy. Active fermentation may be indicated by the
continued appearance of small bubbles of gas in the medium outside the durham
tube when the culture tube is shaken gently (Bordner and others, 1978;
American Public Health Association and others, 1985).

6.5 After submitting all gas-positive culture tubes to the confirmation
test (B-0045-85), autoclave at 121 °C at 1.05 kg/cm? (15 psi) for 15 to
30 minutes before discarding.

6.6 Return all gas-negative culture tubes to incubator and incubate at
35%0.5 °C for an additional 24*2 hours.

Gas

Figure 4.--Examination for gas formation: (A) Positive;
(B) negative; (C) positive.
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6.7 Remove culture tubes from incubator and examine for gas formation.
Autoclave all remaining tubes of lauryl tryptose broth as in 6.5 before
discarding.

7. Calculations

7.1 Record the number of gas-positive culture tubes at 24 and 48 hours
occurring for all sample volumes tested.

7.2 When more than three volumes are tested, use results from only three
of them when computing the MPN. To select the three dilutions for the MPN
index, use as the first, the smallest sample volume in which all tests are
positive (no larger sample volume having any negative results) and the next
two succeeding smaller sample volumes (Bordner and others, 1978; American
Public Health Association and others, 1985).

7.3 In the examples listed below, the number in the numerator represents
positive culture tubes; the denominator represents the total number of tubes
inoculated.

Decimal dilutions

Example 1 0.1 0.01 0.001 Combination
milliliter milliliter milliliter milliliter of positives

a 5/5 5/5 2/5 0/5 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 5/5 3/5 1/5 1/5 5-3-2

e 5/5 3/5 2/5 0/5 5-3-2

In example c, the first three dilutions need to be taken to place the positive
results in the middle dilution. When a positive result occurs in a dilution
larger than the three chosen according to the guideline, as in d, it needs to
be placed in the result for the largest chosen dilution as in e (Note 1).

(Note 1: The largest dilution has the smallest concentration of the
sample; the largest dilution in the preceding table is 0.001.

7.4 The MPN for various combinations of positive and negative results
when five 1-, five 0.1-, and five 0.01-mL dilutions are used are listed in
table 1. If a series of decimal dilutions other than 1, 0.1, and 0.01 mL is
used, the MPN value in table 1 needs to be corrected for the dilutions
actually used. To do this, divide the value in table 1 by the dilution factor
of the first number in the three-number sequence (the culture tubes having the
largest concentration of the sample). For example, if dilutions of 0.1, 0.01,
and 0.001 mL are used, divide the value in table 1 by 0.1 mL. MPN tables for
other combinations of sample volumes and numbers of tubes at each level of
inoculation are in American Public Health Association and others (1985).
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Table 1.--Most-probable-number (MPN) index and 95-percent confidence
limits for various combinations of positive and negative results
when five 1-, five 0.1-, and five 0.0l-milliliter dilutions
are used

[mL, milliliters; MPN, most probable number; ---, not applicable; modified
from American Public Health Association and others, 1985]

Number of culture tubes indicating

positive reaction out of: MPN 95-percent
index confidence
Five of Five of Five of per limits
1 mL 0.1 mL 0.01 mL 100 mL
each each each Lower Upper
0 0 0 <20 = =
0 0 1 20 <5 70
0 1 0 20 <5 70
0 2 0 40 <5 11
1 0 0 20 <5 70
1 0 1 40 <5 110
1 1 0 40 <5 110
1 1 1 60 <5 150
1 2 0 60 <5 150
2 0 0 50 <5 130
2 0 1 70 10 170
2 | 0 70 10 170
2 1 1 90 20 210
2 2 0 90 20 210
2 3 0 120 30 280
3 0 0 80 10 190
3 0 1 110 20 250
3 1 0 110 20 250
3 1 1 140 40 340
3 2 0 140 40 340
3 2 1 170 50 460
4 0 0 130 30 310
4 0 1 170 50 460
4 1 0 170 50 460
4 1 1 210 70 630
4 | 2 260 90 780
4 2 0 220 70 670
4 2 1 260 90 780
4 3 0 270 90 800
4 3 1 330 110 930
4 4 0 340 120 930
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Table 1.--Most-probable-number (MPN) index and 95-percent confidence
limits for various combinations of positive and negative results
when five 1-, five 0.1-, and five 0.01-milliliter dilutions
are used--Continued

Number of culture tubes indicating

positive reaction out of: MPN 95-percent
index confidence
Five of Five of Five of per limits
1 mL 0.1 mL 0.01 mL 100 mL
each each each Lower Upper
5 0 0 230 70 700
5 0 1 310 110 890
5 0 2 430 150 1,100
5 1 0 330 110 930
L 1 1 460 160 1,200
5 1 2 630 210 1,500
5 2 0 490 170 1,300
L} 2 1 700 230 1,700
L 2 2 940 280 2,200
5 3 0 790 250 1,900
5 3 1 1,100 310 2,500
5 3 2 1,400 370 3,400
5 3 3 1,800 440 5,000
5 4 0 1,300 350 3,000
5 4 1 1,700 430 4,900
5 4 2 2,200 570 7,000
5 4 3 2,800 900 8,500
5 4 4 3,500 1,200 10,000
5 5 0 2,400 680 7,500
5 5 1 3,500 1,200 10,000
5 5 2 5,400 1,800 14,000
5 5 3 9,200 3,000 32,000
5 5 4 16,000 6,400 58,000
5 5 5 >24,000 i i
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7.5 Example: The following results were obtained with a five-tube
series:

Volume (milliliters)----- 1075 107 1077 1078 1079
Results------==--cccceu-- 5/5 5/5 3/5 1/5 0/5.

Using 107, 1077, and 1078 mL sample volumes, the test results indicate a
sequence of 5-3-1 for which the MPN (table 1) is 1,100. Dividing by 107, the
MPN is computed to be 11x10® total coliform bacteria per 100 mL and 95-percent
confidence limits of 3.1x10% and 25x10® total coliform bacteria per 100 mL.

8. Reporting of results

Report total coliform concentrations as MPN total coliforms per 100 mL as
follows: 1less than 10, whole numbers; 10 or more, two significant figures.

9. Precision

9.1 Precision of the MPN method increases as the number of culture tubes
is increased. It increases rapidly as the number of tubes increases from 1
to 5, but then it increases at a slower rate making the gain, when using
10 tubes instead of 5, much less than is achieved by increasing the number of
tubes from 1 to 5. Variance as a function of the number of tubes inoculated
from a tenfold dilution series is given below:

Number of culture tubes Variance for tenfold
at each dilution dilution series
1] == 0.580
3 e .335
5 memmmemmccececeenee- .259
10 ==mmmmmmmm——e—eea- .183

9.2 The 95-percent confidence limits for various combinations of
positive and negative results when five 1-, five 0.1-, and five 0.01-mL
dilutions are used are listed in table 1.

10. References cited

American Public Health Association, American Water Works Association, and
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Total Coliform Bacteria (Most-Probable-Number, MPN, Method)

Presumptive Onsite Test
(B-0040-85)

Parameter and Code:
Coliform, presumptive (MPN): 31507

1. Applications

This method is applicable to fresh and saline water, water having large
suspended-solids concentration, and water having large populations of non-
coliform bacteria. It is suitable for application at the sampling 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%0.5 °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 dis-
tribution of gas-positive cultures among the inoculated serum bottles. The
method described in this section is similar to the total coliform MPN method
(presumptive test, B-0035-85) except provision is made for the incubation of
samples onsite. Do not use the presumptive onsite test unless the confirmed
test (B-0045-85) also is done.

3. Interferences

Large concentrations of heavy metals or toxic chemicals may interfere
when large volumes of sample are added to small volumes of concentrated lauryl
tryptose broth. Certain noncoliform organisms can ferment lactose during gas
formation.

4. Apparatus

All materials used in microbiological testing need to be free of agents
that inhibit bacterial growth. Most of the materials and apparatus listed in
this section are available from scientific supply companies.

The following apparatus list assumes the use of an onsite kit for
microbiological water tests, such as the portable water laboratory (Millipore,
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 are included in the portable water
laboratory (fig. 1).

4.1 Aluminum seals, one piece, 20 mm.

4.2 Bottles, milk dilution, screwcap.

4.3 Bottles, serum.
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4.4 Crimper, for attaching aluminum seals.
4.5 Decapper, for removing aluminum seals from spent tubes.

4.6 Hypodermic syringes, sterile, 1-mL capacity, equipped with 26-gauge,
3/8-in. needles.

4.7 Hypodermic syringes, sterile, 10-mL capacity, equipped with
22-gauge, 1- to 1%-in. needles.

4.8 Incubator® for operation at a temperature of 35%0.5 °C. A portable
incubator as provided in the portable water laboratory, or heaterblock
(fig. 2), which operates on either 115 V ac or 12 V dc, is convenient for
onsite use. A larger incubator, having more precise temperature regulation,
is satisfactory for laboratory use.

4.9 Pipets, 1-mL capacity, sterile, disposable, glass or plastic, having
cotton plugs.

4.10 Pipets, 10-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.11 Pipettor, or pi-pump, for use with 1- and 10-mL pipets.

4.12 Rubber stoppers, 13X20 mm.

4.13 Sample-collection apparatus. Use an appropriate device for
collecting a representative sample from the environment to be tested,
following guidelines in the "Collection" subsection of the "Bacteria" section.

4.14 Serum bottles and durham (fermentation) tubes. Two combinations of
serum bottles and durham (fermentation) tubes may be used. The choice will
depend on the volume of water to be tested. The durham tube, 6%X25 mm test
tubes, used to detect gas production, must be completely filled with medium
and at least partly submerged in the serum bottle. The following combinations
have been satisfactory:

4.14.1 For testing 10-mL aliquots, use borosilicate glass serum
bottles, 20-mL capacity.

4.14.2 For testing 1-mL or smaller aliquots, use borosilicate glass
serum bottles, 10-mL capacity.

4.15 Sterilizer, horizontal steam autoclave, or vertical steam
autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks
preventing removal of lid while pressure exists. These features are necessary
in maintaining sterilization conditions and decreasing safety hazards.
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To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Buffered dilution water. Dissolve 34 g potassium dihydrogen
phosphate (KHzPO4) in 500 mL distilled water. Adjust to pH 7.2 using 1 N
sodium hydroxide (NaOH). Dilute to 1 L using distilled water. Sterilize in
dilution bottles at 121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Add
1.25 mL KH2PO4 solution to 1 L distilled water containing 0.1 percent peptone.
(Do not store KHyoPO4 solutions for more than 3 months). Dispense in milk
dilution or serum bottles (capped with rubber stoppers and crimped with
aluminum seals) in quantities that will provide 99*2 mL after autoclaving at
121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Allow enough space between
bottles for steam to circulate during autoclaving. Loosen caps prior to
sterilizing and tighten when bottles have cooled.

5.2 Distilled or deionized water.

5.3 Ethyl alcohol, 70 percent. Dilute 74 mL 95-percent ethyl alcohol to
100 mL using distilled water. Undiluted isopropanol (ordinary rubbing
alcohol) may be used instead of 70-percent ethyl alcohol.

5.4 Lauryl tryptose broth. Use premixed lauryl tryptose broth or lauryl
sulfate broth, and prepare according to directions on bottle label. The
medium also may be prepared according to American Public Health Association
and others (1985).

5.4.1 Place 10 mL of medium containing 71.2 g/L lauryl tryptose
broth or lauryl sulfate broth in a 20-mL serum bottle for each 10-mL
aliquot of sample to be tested.

5.4.2 Place 10 mL of medium containing 35.6 g/L lauryl tryptose
broth or lauryl sulfate broth in each 10-mL serum bottle for each 1-mL
or smaller aliquot of sample to be tested.

5.4.3 1In each serum bottle, place an inverted (mouth downward)
durham tube (fig. 3). Place rubber stopper in mouth of bottle and attach
aluminum seal using crimper. Sterilize bottles in upright position at
121 °C at 1.05 kg/cm? (15 psi) for 15 minutes as soon as possible after
dispensing medium. Air will be expelled from the inverted durham tubes
during heating; each will fill completely with medium during cooling.
Discard any bottle in which air bubbles are visible in the durham tube.
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6. Analysis

Two questions must be answered when planning a multiple serum-bottle
test:

1. What volumes of water need to be tested?
2. How many serum bottles of each volume need to be tested?

Choose a range of volumes so positive and negative results are obtained
throughout the range tested. The method fails if only positive or only
negative results are obtained when all volumes are tested. The number of
serum bottles used per sample volume depends on the precision required. The
greater the number of bottles inoculated with each volume, the greater the
precision, but the effort involved and expense also are increased. A five
serum-bottle series is described below. The following sample volumes are
suggested:

1. Unpolluted raw surface water: 0.1-, 1-, and 10-mL samples will include
an MPN range of <2 to >2,400 coliforms per 100 mL.

2. Polluted raw surface water: 0.001-, 0.01-, 0.1-, and 1-mL samples will
include an MPN range of 20 to 240,000 coliforms per 100 mL.

6.1 Set up five serum bottles of lauryl tryptose broth or lauryl sulfate
broth for each sample volume to be tested.

6.1.1 If the volume to be tested is 0.1 mL or more, transfer the
measured samples directly to the serum bottles using presterilized
disposable hypodermic syringes (Note 1).

6.1.2 If the volume of original water sample is less than 0.1 mL,
proceed as in 6.1.1 after preparing appropriate dilutions by adding the
sample to buffered dilution water in a sterile milk dilution bottle in
the following volumes:

Volume of sample added
Dilution to 99-milliliter Size of inoculum
milk dilution bottle

130 - ememessecem—cme—es 0.1 milliliter of
original sample
1:100 1 milliliter of 1 milliliter of
original sample 1:100 dilution
1:1,000 = mmeeeemeececeeaa-- 0.1 milliliter of
1:100 dilution
1:10,000 1 milliliter of 1 milliliter of
1:100 dilution 1:10,000 dilution
1:100,000 2  em;emmeececeee---- 0.1 milliliter of

1:10,000 dilution
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Note 1: Use a sterile hypodermic syringe for each serum bottle. After
each transfer, close and shake the bottle vigorously at least 25 times to
maintain distribution of the organisms in the sample. Diluted samples need to
be inoculated within 20 minutes after preparation.

6.2 When using serum bottles with rubber septums, proceed as follows:

6.2.1 Remove the inserts from the metal caps and swab the exposed
area of the rubber septum using a bit of cotton saturated with 70-percent
ethyl alcohol, undiluted isopropanol, or disinfectant.

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

6.2.3 Carefully return serum bottle to the normal, upright position
with septum at top. Make sure that the inverted durham tube is
completely filled with medium and no residual bubbles remain in the
durham tube.

6.3 Clearly mark each set of serum bottles indicating location, time of
collection, sample number, and sample volume. Code each bottle for easy
identification.

6.4 Place the inoculated serum bottles in the incubator and incubate at
3520.5 °C for 24%*2 hours. Bottles must be maintained in an upright position.

6.5 Remove serum bottles from incubator and examine. Gas in any
quantity in the durham tube, even a pinhead-sized bubble, constitutes a
positive test (fig. 4). The appearance of an air bubble must not be confused
with actual gas production. If the gas is formed as a result of fermentation,
the broth medium will become cloudy. Active fermentation may be indicated by
the continued appearance of small bubbles of gas in the medium outside the
durham tube when the bottle is shaken gently (Bordner and others, 1978;
American Public Health Association and others, 1985).

6.6 After submitting all gas-positive serum bottles to the confirmation
test (B-0045-85), autoclave at 121 °C at 1.05 kg/cm? (15 psi) for 15 to
30 minutes before discarding. l

6.7 Return all gas-negative serum bottles to incubator and incubate at
35320.5 °C for an additional 24%2 hours.

6.8 Remove serum bottles from incubator and examine for gas formation.

Autoclave all remaining bottles of lauryl tryptose broth as in 6.6 before
discarding.
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7. Calculations

7.1 Record the number of gas-positive serum bottles occurring for all
sample volumes tested.

7.2 When more than three volumes are tested, use results from only three
of them when computing the MPN. To select the three dilutions for the MPN
index, use as the first, the smallest sample volume in which all tests are
positive (no larger sample volume having any negative results) and the next
two succeeding smaller sample volumes (Bordner and others, 1978; American
Public Health Association and others, 1985).

7.3 In the examples listed below, the number in the numerator represents
positive serum bottles; the denominator represents the total number of bottles
inoculated.

Decimal dilutions

Example 1 0.1 0.01 0.001 Combination
milliliter milliliter milliliter milliliter of positives

a 5/5 515 2/5 0/5 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 5/5 315 1/5 1/5 5-3~2

e 5/5 3/5 2/5 0/5 5~-3-2

In example c, the first three dilutions need to be taken to place the positive
results in the middle dilution. When a positive result occurs in a dilution
larger than the three chosen according to the guideline, as in d, it needs to
be placed in the result for the largest chosen dilution as in e (Note 1).

Note 1: The largest dilution has the smallest concentration of the
sample; the largest dilution in the preceding table is 0.001.

7.4 The MPN for various combinations of positive and negative results
when five 1-, five 0.1-, and five 0.01-mL dilutions are used are listed in
table 2. If a series of decimal dilutions other than 1, 0.1, and 0.01 mL is
used, the MPN value from table 2 needs to be corrected for the dilutions
actually used. To do this, divide the value from table 2 by the dilution
factor of the first number in the three-number sequence (the serum bottles
having the largest concentration of the sample). For example, if dilutions of
0.1, 0.01, and 0.001 mL are used, divide the value in table 2 by 0.1 mL. MPN
tables for other combinations of sample volumes and numbers of bottles at each
level of inoculation are in the American Public Health Association and others
(1985).
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Table 2.--Most-probable-number (MPN) index and 95-percent confidence
limits for various combinations of positive and negative results
when five 1-, five 0.1-, and five 0.01-milliliter dilutions
are used

[mL, milliliters; MPN, most probable number; ---, not applicable; modified
from American Public Health Association and others, 1985]

Number of culture tubes indicating

positive reaction out of: MPN 95-percent
index confidence
Five of Five of Five of per limits
1 mL 0.1 mL 0.01 mL 100 mL
each each each Lower Upper
0 0 0 <20 e =
0 0 1 20 <5 70
0 1 0 20 <5 70
0 2 0 40 <5 11
1 0 0 20 <5 70
1 0 1 40 <5 110
1 1 0 40 <5 110
1 1 1 60 <5 150
1 2 0 60 <5 150
2 0 0 50 <5 130
2 0 1 70 10 170
2 1 0 70 10 170
2 1 1 90 20 210
2 2 0 90 20 210
2 3 0 120 30 280
3 0 0 80 10 190
3 0 1 110 20 250
3 1 0 110 20 250
3 1 1 140 40 340
3 2 0 140 40 340
3 2 1 170 50 460
4 0 0 130 30 310
4 0 1 170 50 460
4 1 0 170 50 460
4 1 1 210 70 630
4 1 2 260 90 780
4 2 0 220 70 670
4 2 1 260 90 780
4 3 0 270 90 800
4 3 1 330 110 930
4 4 0 340 120 930
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Table 2.--Most-probable-number (MPN) index and 95-percent confidence
limits for various combinations of positive and negative results
when five 1-, five 0.1-, and five 0.0l1-milliliter dilutions
are used--Continued

Number of culture tubes indicating

positive reaction out of: MPN 95-percent
index confidence
Five of Five of Five of per limits
1 mL 0.1 mL 0.01 mL 100 mL
each each each Lower Upper
5 0 0 230 70 700
5 0 1 310 110 890
5 0 2 430 150 1,100
5 1 0 330 110 930
5 1 1 460 160 1,200
5 1 2 630 210 1,500
5 2 0 490 170 1,300
5 2 1 700 230 1,700
5 2 2 940 280 2,200
5 3 0 790 250 1,900
5 3 1 1,100 310 2,500
5 3 2 1,400 370 3,400
] 3 3 1,800 440 5,000
5 4 0 1,300 350 3,000
5 4 1 1,700 430 4,900
5 4 2 2,200 570 7,000
5 4 3 2,800 900 8,500
5 4 4 3,500 1,200 10,000
5 5 0 2,400 680 7,500
5 5 1 3,500 1,200 10,000
5 5 2 5,400 1,800 14,000
5 5 3 9,200 3,000 32,000
5 5 4 16,000 6,400 58,000
5 5 5 >24,000 === -
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7.5 Example: The following results were obtained with a five serum-
bottle series:

Volume (milliliters)----- 107 107% 1077 1078 10°°
Results==========-coc----- 5/5 5/5 3/5 1/5 0/5.

Using 1076, 1077, and 1078 mL sample volumes, the test results indicate a
sequence of 5-3-1 for which the MPN (table 2) is 1,100. Dividing by 107€, the
MPN is computed to be 11x10% total coliform bacteria per 100 mL and 95-percent
confidence limits of 3.1x10% and 25x108 total coliform bacteria per 100 mL.

8. Reporting of results

Report total coliform concentrations as MPN total coliforms per 100 mL as
follows: 1less than 10, whole numbers; 10 or more, two significant figures.

9. Precision

9.1 Precision of the MPN method increases as the number of serum bottles
is increased. It increases rapidly as the number of bottles increases from 1
to 5, but then it increases at a slower rate making the gain, when using
10 bottles instead of 5, much less than is achieved by increasing the number
of bottles from 1 to 5. Variance as a function of number of bottles
inoculated from tenfold dilution series is listed below:

Number of serum bottles Variance for tenfold
at each dilution dilution series
1] == 0.580
3 memmmmmmececceeeee- =335
5 e mm e A .259
10 ===--mmmmmmem e .183

9.2 The 95-percent confidence limits for various combinations of
positive and negative results when five 1-, five 0.1-, and five 0.01-mL
dilutions are used are listed in table 2.

10. References cited
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Total Coliform Bacteria (Most-Probable-Number, MPN, Method)

Confirmation Test
(B-0045-85)

Parameter and Code:
Coliform, confirmed (MPN): 31505

All gas-positive cultures from the presumptive test (B-0035-85 or
B-0040-85) need to be verified by the confirmation test. When the membrane-
filter method is used, some members of the coliform group may react atypically
and not produce the characteristic colonies on M-Endo medium. Thus, the
identity of suspected coliform colonies need to be verified. Geldreich and
others (1967) discussed verification and other aspects of the membrane-filter
method.

Because coliform organisms are defined on the basis of their ability to
ferment lactose with gas formation at 35%0.5 °C within 48 hours, verification
is readily accomplished by using the lactose fermentation-tube method de-
scribed in this section. Only a minimum of special equipment is needed.
Ready-to-use sterile media are commercially available.

1. Applications

The confirmation test is applicable to all gas-positive cultures from the
presumptive test and to coliform colonies produced by the membrane-filter
method. Initiation of the confirmation test needs to be made immediately for
gas-positive cultures from the presumptive test and as soon as possible after
completion of the membrane-filter method, but not later than 24 hours.

2. Summary of method

2.1 Material from selected colonies on the membrane filters is placed in
tubes of sterile lactose broth and incubated at 35%0.5 °C for 48 hours.
Material from these tubes indicating gas formation within 48 hours or gas-
positive cultures from the presumptive test are placed in tubes of sterile,
brilliant green lactose bile broth. Gas production in the brilliant green
lactose bile broth at 35%0.5 °C within 48 hours confirms the presence of
coliform bacteria.

2.2 The confirmation test is compatible with the procedure described by
Bordner and others (1978) and the American Public Health Association and
others (1985).

3. Interferences

Certain noncoliform organisms can ferment lactose with gas formation, but
their presence in this double enrichment method is unlikely.
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4. Apparatus

All materials used in microbiological testing need to be free of agents
that inhibit bacterial growth. Most of the materials and apparatus listed in
this section are available from scientific supply companies.

The following apparatus list assumes the use of an onsite kit for micro-
biological water tests, such as the portable water laboratory (Millipore, 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 are included in the portable water
laboratory (fig. 1).

4.1 Aluminum seals, one piece, 20 mm.

4.2 Bunsen burner, for sterilizing inoculating loop.

4.3 Crimper, for attaching aluminum seals.

4.4 Culture tubes and durham (fermentation) tubes. Two combinations of
culture tubes and durham (fermentation) tubes may be used. The choice will
depend on the volume of water to be tested. The durham tube, used to detect
gas production, must be completely filled with medium and at least partly
submerged in the culture tube. The following combinations have been
satisfactory:

4.4.1 For testing 10-mL aliquots, use borosilicate glass culture
tubes, 20X150 mm; tube caps, 20 mm; and use borosilicate glass culture
tubes, 10X75 mm, as durham tubes.

4.4.2 For testing 1-mL or smaller aliquots, use borosilicate glass
culture tubes, 16X125 mm; tube caps, 16 mm; and use flint glass culture
tubes, 6X50 mm, as durham tubes.

4.5 Culture-tube rack, galvanized, for 16- and 20-mm culture tubes.

4.6 Decapper, for removing aluminum seals from spent tubes.

4.7 Hypodermic syringes, sterile, 1-mL capacity, equipped with 26-gauge,
3/8-in. needles.

4.8 Hypodermic syringes, sterile, 10-mL capacity, equipped with
22-gauge, 1- to 1%-in. needles.

4.9 Incubator®*, for operation at a temperature of 35%0.5 °C. A portable
incubator as provided in the portable water laboratory, or heaterblock
(fig. 2), which operates on either 115 V ac or 12 V dc, is convenient for
onsite use. A larger incubator, having a more precise temperature regulation,
is satisfactory for laboratory use.

4.10 Inoculating loop, platinum-iridium wire, 3 mm, Brown and Sharpe
gauge 26.
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4.11 Needle holder.

4.12 Rubber stoppers, 13X20 mm.

4.13 Sterilizer, horizontal steam autoclave, or vertical steam
autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks
preventing removal of 1lid while pressure exists. These features are necessary
in maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Brilliant green lactose broth, prepackaged brilliant green lactose
broth in 16X125-mm tubes and fermentation shell. The medium also may be
prepared according to American Public Health Association and others (1985).
Use brilliant green bile, 2 percent, or brilliant green bile broth, 2 percent,
and prepare according to directions on bottle label. Place 10 mL of medium in
a culture tube for each colony to be tested. In each culture tube, place an
inverted (mouth downward) durham tube (fig. 3). Sterilize culture tubes in
upright position at 121 °C at 1.05 kg/cm? (15 psi) for 15 minutes as soon as
possible after dispensing medium. Air will be expelled from the inverted
durham tube during heating; each will fill completely with medium during
cooling. Discard any culture tube in which air bubbles are visible in the
durham tube.

5.2 Lauryl tryptose broth, prepackaged lauryl tryptose broth in
16X125-mm tubes and fermentation shell, or use premixed lauryl tryptose broth
or lauryl sulfate broth, and prepare according to directions on bottle label.
The medium also may be prepared according to American Public Health
Association and others (1985).

5.2.1 Place 10 mL of medium in a culture tube for each colony to
be tested.

5.2.2 1In each culture tube, place an inverted (mouth downward)
durham tube (fig. 3). Sterilize tubes in upright position at 121 °C at
1.05 kg/cm2 (15 psi) for 15 minutes as soon as possible after dispensing
medium. Air will be expelled from the inverted durham tube during
heating; each will fill completely with medium during cooling. Discard
any tube in which air bubbles are visible in the durham tube.
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6. Analysis

6.1 Complete the membrane-filter method for total coliform bacteria
according to procedures described in this chapter.

6.2 Select a colony or colonies to be confirmed for total coliform
bacteria from the incubated membrane filters.

6.3 Sterilize the inoculating loop by flaming in the burner. The long
axis of the wire needs to be held parallel to the cone of the flame so the
entire end of the wire and loop is heated to redness.

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

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

6.6 Recap the culture tube. Flame the inoculating loop and inoculate
additional tubes as in 6.5 until all colonies to be tested have been placed
into broth in separate tubes. Place the inoculated tubes in the culture-tube
rack and incubate at 35%0.5 °C for 24%*2 hours.

6.7 Remove culture tubes from incubator and examine. Gas in any
quantity in the durham tube constitutes a positive test (fig. 4). Return all
gas-negative tubes to incubator and incubate at 35*0.5 °C for an additional
24*2 hours.

6.8 Using a sterile inoculating loop, transfer one loopful of broth from
each culture tube indicating gas to a culture tube of sterile brilliant green
lactose broth. Sterilize the loop after each transfer.

6.9 Autoclave all gas-positive culture tubes of lauryl tryptose broth at
121 °C at 1.05 kg/cm? (15 psi) for 15 to 30 minutes before discarding.

6.10 Incubate the culture tubes of brilliant green lactose broth at
3520.5 °C for 48%*3 hours.

6.11 Examine the remaining culture tubes of lauryl tryptose broth.
Transfer one loopful of material from each tube producing gas to a culture
tube of brilliant green lactose broth as in 6.8 and continue as in 6.10. If
no gas appears in the tube of lauryl tryptose broth within 4813 hours, the
original colony was not of the coliform group. Autoclave all tubes of lauryl
tryptose broth as in 6.9 before discarding.
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6.12 Examine culture tubes of brilliant green lactose broth after 24%2
and 48%3 hours. The formation of gas in any quantity in the durham tube
constitutes a positive confirmation for the presence of total coliform
bacteria. If no gas appears in the tube of brilliant greeﬁ lactose broth
within 48%3 hours, the original colony was not of the coliform group, even
though gas was produced in the tube of lauryl tryptose broth.

6.13 Culture tubes of brilliant green lactose broth need to be
autoclaved as in 6.9 before discarding.

7. Calculations
No calculations are necessary.
8. Reporting of results

Results of the total coliform confirmation test are included in the
results of the membrane-filter and presumptive tests for total coliform
bacteria.

9. Precision
No precision data are available.
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Fecal Coliform Bacteria (Membrane-Filter Method)

Immediate Incubation Test
(B-0050-85)

Parameter and Code:
Coliform, fecal, 0.7-pm, M-FC media at 44.5 °C
(colonies/100 mL): 31625

Fecal coliforms are those organisms of the coliform group that are
present in the intestines and feces of warm-blooded animals. They are
capable of producing gas from lactose in a suitable culture medium at
44.5 °C. Bacterial organisms from other sources generally cannot produce
gas when subjected to the same conditions (Bordner and others, 1978; Amer-
ican Public Health Association and others, 1985).

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

1. Applications
The method is applicable to fresh and saline waters.
2. Summary of method

The sample is filtered onsite immediately after collection, and the
filter is placed on a nutrient medium containing a pH-sensitive color indi-
cator. Filters are incubated at a temperature of 44.5%0.2 °C for 24 hours
in an incubator to suppress growth of nonfecal coliform bacteria, thereby
selectively favoring growth of fecal coliforms.

3. Interferences

3.1 Suspended materials may inhibit the filtration of sample volumes
sufficient to produce significant results. Fecal coliform colony formation on
the filter may be inhibited by large numbers of noncoliform colonies, by the
presence of algal filaments and detritus, or by toxic substances.

3.2 Water samples having a large suspended-solids concentration may be
divided between two or more membrane filters. The multiple-tube method, which
is described in this chapter, will give the most reliable results when
suspended-solids concentrations are large and fecal coliform counts are small.

4. Apparatus
All materials used in microbiological testing need to be free of agents

that inhibit bacterial growth. Most of the materials and apparatus listed in
this section are available from scientific supply companies.
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The following apparatus list assumes the use of an onsite kit for micro-
biological water tests, such as the portable water laboratory (Millipore,
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 are included in the portable water
laboratory (fig. 1).

4.1 Alcohol burner, glass or metal, containing ethyl alcohol for flame
sterilizing of forceps.

4.2 Aluminum seals, one piece, 20 mm.

4.3 Bottles, milk dilution, screwcap.

4.4 Bottles, serum.

4.5 Crimper, for attaching aluminum seals.

4.6 Decapper, for removing aluminum seals from spent tubes.

4.7 Filter-holder assembly* and syringe that has a two-way valve* or
vacuum hand pump.

4.8 Forceps*, stainless steel, smooth tips.

4.9 Graduated cylinders, 100-mL capacity.

4.10 Hydrodermic syringes, sterile, 1-mL capacity, equipped with
26-gauge, 3/8-in. needles.

4.11 Hydrodermic syringes, sterile, 10-mL capacity, equipped with
22-gauge, 1- to 1%-in. needles.

4.12 Incubator®, for operation at a temperature of 35%0.5 °C. A
portable incubator as provided in the portable water laboratory, or
heaterblock (fig. 2), which operates on either 115 V ac or 12 V dc, is
convenient for onsite use. A larger incubator, having more precise
temperature regulation, is satisfactory for laboratory use.

4.13 Membrane filters, white, grid, sterile, 0.7-pm pore size, 47-mm
diameter.

4.14 Microscope, binocular wide-field dissecting-type, and
fluorescent lamp.

4.15 Pipets, 1-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.16 Pipets, 10-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.17 Pipettor, or pi-pump, for use with 1- and 10-mL pipets.
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4.18 Plastic petri dishes with covers, disposable, sterile, 50X12 mm.

4.19 Rubber stoppers, 13X20 mm.

4.20 Sample-collection apparatus. Use an appropriate device for col-
lecting a representative sample from the environment to be tested, following
guidelines in the '"Collection'" subsection of the "Bacteria' section.

4.21 Sterilizer, horizontal steam autoclave, or vertical steam
autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks
preventing removal of 1lid while pressure exists. These features are necessary
in maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

4.22 Thermometer, having a temperature range of at least 40 to 100 °C.
5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Buffered dilutior water. Dissolve 34 g potassium dihydrogen phos-
phate (KHoPO4) in 500 mL distilled water. Adjust to pH 7.2 using 1 N sodium
hydroxide (NaOH). Dilute to 1 L using distilled water. Sterilize in dilution
bottles at 121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Add 1.25 mL KHyPO4
solution to 1 L distilled water containing 0.1 percent peptone. (Do not store
KHoPO,4 solutions for more than 3 months.) Dispense in milk dilution or serum
bottles (capped with rubber stoppers and crimped with aluminum seals) in quan-
tities that will provide 99%2 mL after autoclaving at 121 °C at 1.05 kg/cm?
(15 psi) for 20 minutes. Allow enough space between bottles for steam to
circulate during autoclaving. Loosen caps prior to sterilizing and tighten
when bottles have cooled.

5.2 Distilled or deionized water.

5.3 Ethyl alcohol, 95-percent denatured or absolute ethyl alcohol for
sterilizing equipment. Absolute methyl alcohol also may be used for steri-
lization.

5.4 Methyl alcohol, absolute, for sterilizing filter-holder assembly.
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5.5 M-FC agar. Add 5.2 g M-FC agar to 100 mL distilled water. Do not
autoclave. Heat to 90 °C in a water bath stirring occasionally, then add 1 mL
rosolic acid solution. 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. Replace petri dish tops loosely until medium
solidifies, then close tightly and store the prepared petri dishes at 2 to
10 °C for a maximum of 72 hours; preferably the medium should not be stored
for more than 24 hours.

5.6 Rosolic acid solution. Add 10 mL 0.2 N NaOH to 0.10 g rosolic acid
crystals. Stir vigorously to dissolve. Do not heat. Store in the dark at
room temperature for a maximum of 2 to 3 weeks. Discard if color changes from
deep red to orange.

6. Analysis

The volumes of the sample to be filtered depend on the expected bacterial
density of the water being tested, but the volumes should be enough that after
incubation, at least 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 water: 0.1-, 0.3-, 1-, 3-, 10-, 30-, and 100-mL
samples will include a range of 20 to 60,000 fecal coliforms per 100 mL
using the criterion of 20 to 60 coliform colonies on a filter as an
ideal determination.

2. Polluted raw surface water: 0.01-, 0.03-, 0.1-, 0.3-, 1-, and 3-mL samples
will include a range of 670 to 600,000 fecal coliforms per 100 mL.

6.1 Sterilize filter-holder assembly (Note 1). In the laboratory, wrap
the funnel and filter base parts of the assembly separately in kraft paper or
polypropylene bags and sterilize in the autoclave at 121 °C at 1.05 kg/cm? (15
psi) for 15 minutes. Steam must contact all surfaces to ensure complete
sterilization. Cool to room temperature before use.

Note 1: Onsite sterilization of filter-holder assembly needs to be in
accordance with the manufacturer's instructions but usually involves appli-
cation and ignition of methyl alcohol to produce formaldehyde. Autoclave
sterilization in the laboratory prior to the trip to the sampling site is
preferred. Sterilization must be performed at all sites.

6.2 Assemble the filter holder and, using flame-sterilized forceps
(Note 2), place a sterile membrane filter over the porous plate of the
assembly, grid side up. Carefully place funnel on filter to avoid tearing
or creasing the membrane.

Note 2: Flame-sterilized forceps--Dip forceps in ethyl or methyl

alcohol, pass through flame to ignite alcohol, and allow to burn out. Do
not hold forceps in flame.
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6.3 Shake the sample vigorously about 25 times to obtain an equal dis-
tribution of bacteria throughout the sample before transferring a measured
portion of the sample to the filter-holder assembly.

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

6.3.2 If the volume of sample is between 1 and 10 mL, pour about
20 mL sterilized buffered dilution water into the funnel before trans-
ferring the measured sample onto the membrane. This facilitates dis-
tribution of bacteria.

6.3.3 If the volume of original water sample is less than 1 mL,
proceed as in 6.3.1 after preparing appropriate dilutions by adding the
sample to buffered dilution water in a sterile milk dilution bottle
(Note 3) in the following volumes:

Volume of sample added
Dilution to 99-milliliter Filter this volume
milk dilution bottle

1:10 11 milliliters of 1 milliliter of
original sample 1:10 dilution
1:100 1 milliliter of 1 milliliter of
original sample 1:100 dilution
1:1,000 1 milliliter of 1 milliliter of
1:10 dilution 1:1,000 dilution
1:10,000 1 milliliter of 1 milliliter of
1:100 dilution 1:10,000 dilution

Note 3: Use a sterile pipet or hypodermic syringe for each bottle.
After each transfer, close and shake the bottle vigorously at least
25 times to maintain distribution of the organisms in the sample.
Diluted samples need to be filtered within 20 minutes after preparation.

6.4 Apply vacuum and filter the sample. When vacuum is applied using a
syringe fitted with a two-way valve, proceed as follows: Attach the filter-
holder 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 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 filtra-
tion, disassemble the two-way valve and lubricate the rubber valve plugs
lightly with stopcock grease. If a vacuum hand pump is used, do not exceed a
pressure of 25 cm to avoid damage to bacteria.

6.5 Rinse sides of funnel twice with 20 to 30 mL of sterile buffered
dilution water while applying vacuum.

67



6.6 Maintaining the vacuum, remove the funnel from the base of the
filter-holder assembly and, using flame-sterilized forceps, remove the mem-
brane filter from the base and place it on the agar surface 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 (Note 4).

Note 4: Hold the funnel while removing the membrane filter and place it
back on the base of the assembly when the membrane filter has been removed.
Placement of the funnel on anything but the base of the assembly may result in
contamination of the funnel.

6.7 Place top on petri dish and proceed with filtration of the next
volume of water. Filter in order of increasing sample volume, rinsing with
sterile buffered dilution water between filtrations.

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

6.9 Inspect the membrane in each petri dish for uniform contact with the
agar. If air bubbles are present under the filter (indicated by bulges), re-
move the filter using sterile forceps and roll onto the agar again.

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

6.11 If using a water-bath incubator, place each petri dish in a water-
proof plastic bag or seal the dish with waterproof plastic tape.

6.12 Incubate the filters in the tightly closed petri dishes in an
inverted position (agar and filter at the top) at 44.5%0.2 °C for 24%*2 hours.
Filters need to be incubated within 20 minutes after placement on medium.

6.13 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 using 10X to 15X magnification.

6.14 Autoclave all cultures at 121 °C at 1.05 kg/cm? (15 psi) for 15 to
30 minutes before discarding.

7. Calculations

7.1 If only one filter has a colony count between the ideal of 20 and
60, use the equation:

Number of colonies counted X 100

Fecal coliform colonies/100 mL = )
Volume of original sample filtered
(milliliters)
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7.2 1If all filters have counts less than the ideal of 20 colonies or
greater than 60 colonies, calculate using the equations in 7.5 for only those
filters having at least one colony and not having colonies too numerous to
count. Report results as number per 100 mL, followed by the statement,
"Estimated count based on nonideal colony count."

7.3 If no filters develop characteristic fecal coliform colonies, report
a maximum estimated value. Assume a count of one colony for the largest
sample volume filtered, then calculate using the equation in 7.1. Report the
results as less than (<) the calculated value per 100 mL.

7.4 If all filters have colonies too numerous to count, report a minimum
estimated value. Assume a count of 60 coliform colonies for the smallest
sample volume filtered, then calculate using the equation in 7.1. Report the
results as greater than (>) the calculated value per 100 mL.

7.5 Sometimes two or more filters of a series will produce colony counts
within the ideal counting range. Make colony counts for all such filters.
The method for calculating and averaging is as follows (Note 5):

Volume filter 1 Colony count filter 1
+ Volume filter 2 + Colony count filter 2
Volume sum Colony count sum

Colony count sum X 100

Fecal coliform colonies/100 mL =
Volume sum (milliliters)

Note 5: Do not calculate the fecal coliform colonies per 100 mL for each
volume filtered and then average the results.

8. Reporting of results

Report fecal coliform concentration as fecal coliform colonies per 100 mL

as follows: 1less than 10 colonies, report whole numbers; 10 or more colonies,
two significant figures.

9. Precision

No numerical precision data are available. However, the method gives
93-percent accuracy for differentiating between fecal coliforms and coliforms
from other sources (American Public Health Association and others, 1985).
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Fecal Coliform Bacteria (Most-Probable-Number, MPN, Method)

Presumptive Test
(B-0051-85)

Parameter and Code:
Coliform, fecal, EC broth at 44.5 °C (MPN): 31615

1. Applications

This method is applicable to fresh and saline water, water having large
suspended-solids concentration, and water having large populations of non-
coliform bacteria.

2. Summary of method

Decimal dilutions of multiple sample aliquots are inoculated into lauryl
tryptose broth. The cultures are incubated at 35%0.5 °C and examined after
24 and 48 hours for evidence of growth and gas production. Positive cultures
at 24 and 48 hours are transferred to EC broth, incubated at 44.5%0.2 °C for
24 hours, and examined for growth and gas production. The MPN of fecal
coliform bacteria in the sample is determined from the distribution of gas-
positive cultures among the inoculated EC broth culture tubes.

3. Interferences

Large concentrations of heavy metals or toxic chemicals may interfere
when large volumes of sample are added to small volumes of concentrated lauryl
tryptose broth.
4. Apparatus

All materials used in microbiological testing need to be free of agents
that inhibit bacterial growth. Most of the materials and apparatus listed in

this section are available from scientific supply companies.

4.1 Aluminum seals, one piece, 20 mm.

4.2 Bottles, milk dilution, screwcap.
4.3 Bottles, serum.

4.4 Bunsen burner, for sterilizing inoculating loop.

4.5 Crimper, for attaching aluminum seals.

4.6 Culture tubes and durham (fermentation) tubes. The sizes of the
culture tube and durham tube, used for the detection of gas production, should
enable the durham tube to completely fill with medium and at least partly
submerge in the culture tube. The specific choice of culture tubes and durham
tubes depends on the volume of water to be tested and whether the test is to
be done in the laboratory or onsite. The procedure described below specifies
the use of culture tubes as culture vessels. Serum bottles may be more
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appropriate as culture vessels if samples are to be inoculated and incubated
onsite. Apparatus needed for an onsite procedure is described in "Presumptive
Onsite Test" (B-0040-85) subsection of the "Total Coliform Bacteria' section.
The following combinations have been satisfactory.

4.6.1 For testing 10-mL aliquots, use borosilicate glass culture
tubes, 20X150 mm; tube caps, 20 mm; and use borosilicate glass culture
tubes, 10X75 mm, as durham tubes.

4.6.2 For testing 1-mL or smaller aliquots, use borosilicate glass
culture tubes, 16X125 mm; tube caps, 16 mm; and use flint glass culture

tubes, 6X50 mm, as durham tubes.

4.7 Culture-tube rack, galvanized, for 16- and 20-mm culture tubes.

4.8 Decapper, for removing aluminum seals from spent tubes.

4.9 Hypodermic syringes, sterile, 1-mL capacity, equipped with 26-gauge,
3/8-in. needles.

4.10 Hypodermic syringes, sterile, 10-mL capacity, equipped with
22-gauge, 1- to 1%-in. needles.

4.11 Incubator®, for operation at a temperature of 35%0.5 °C, or water
bath, capable of maintaining a temperature of 35%0.5 °C.

4.12 Incubator, water bath, for operation at 44.5*0.2 °C. Precise,
uniform temperature control is essential.

4.13 Inoculating loop, platinum-iridium wire, 3 mm, Brown and Sharpe
gauge 26.

4.14 Needle holder.

4.15 Pipets, 1-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.16 Pipets, 10-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.17 Pipettor, or pi-pump, for use with 1- and 10-mL pipets.

4.18 Rubber stoppers, 13X20 mm.

4.19 Sample-collection apparatus. Use an appropriate device for
collecting a representative sample from the environment to be tested,
following guidelines in the '"Collection" subsection of the '"Bacteria"
section.

4.20 Sterilizer, horizontal steam autoclave, or vertical steam
autoclave.
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CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks
preventing removal of lid while pressure exists. These features are necessary
in maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Buffered dilution water. Dissolve 34 g potassium dihydrogen
phosphate (KHyPO4) in 500 mL distilled water. Adjust to pH 7.2 using 1 N
sodium hydroxide (NaOH). Dilute to 1 L using distilled water. Sterilize in
dilution bottles at 121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Add
1.25 mL KHyPO4 solution to 1 L distilled water containing 0.1 percent peptone.
(Do not store KHoPO4 solutions for more than 3 months). Dispense in milk
dilution or serum bottles (capped with rubber stoppers and crimped with
aluminum seals) in quantities that will provide 99*2 mL after autoclaving at
121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Allow enough space between
bottles for steam to circulate during autoclaving. Loosen caps prior to
sterilizing and tighten when bottles have cooled.

5.2 Distilled or deionized water.

5.3 EC medium or broth. Use premixed EC medium or broth, and prepare
according to directions on bottle label. The medium also may be prepared
according to American Public Health Association and others (1985) (Note 1).

Note 1: Because the number of positive lauryl tryptose cultures is
unknown at the time of medium preparation, it is advisable to prepare a
sufficient number of culture tubes of medium to enable inoculation of the
maximum number of positives.

5.3.1 Place 10 mL of medium containing 37 g/L of EC medium or
broth in a 20X150-mm culture tube for each culture tube or serum bottle
of lauryl tryptose broth prepared in 5.4.

5.3.2 In each culture tube, place an inverted (mouth downward)
10x75-mm durham tube (fig. 3). Sterilize tubes at 121 °C at 1.05 kg/cm?
(15 psi) for 15 minutes as soon as possible after dispensing medium. Air
will be expelled from the inverted durham tubes during heating; each will
fill completely with medium during cooling. Discard any culture tube in
which air bubbles are visible in the durham tube. Prepared medium may be
retained at 4 °C for no longer than 96 hours.
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5.4 Lauryl tryptose broth. Use premixed lauryl tryptose broth or lauryl
sulfate broth, and prepare according to directions on bottle label. The
medium also may be prepared according to American Public Health Association
and others (1985).

5.4.1 Place 10 mL of medium containing 71.2 g/L lauryl tryptose
broth or lauryl sulfate broth in a 20X150-mm culture tube for each 10-mL
aliquot of sample to be tested.

5.4.2 Place 10 mL of medium containing 35.6 g/L of lauryl tryptose
broth or lauryl sulfate broth in a 16X125-mm culture tube for each 1-mL
or smaller aliquot of sample to be tested.

5.4.3 1In each culture tube, place an inverted (mouth downward)
durham tube (fig. 3). Sterilize tubes in upright position at 121 °C at
1.05 kg/cm? (15 psi) for 15 minutes as soon as possible after dispensing
medium. Air will be expelled from the inverted durham tube during
heating; each will fill completely with medium during cooling. Discard
any tube in which air bubbles are visible in the durham tube.

6. Analysis

Two questions must be answered when planning a multiple-tube test:
1. What volumes of water need to be tested?
2. How many culture tubes of each volume need to be tested?

Choose a range of volumes so positive and negative results are obtained
throughout the range tested. The method fails if only positive or only
negative results are obtained when all volumes are tested. The number of
culture 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 also are increased. A five-
tube series is described below. The following sample volumes are suggested:

1. Unpolluted raw surface water: 0.1-, 1-, and 10-mL samples will include
an MPN range of <2 to >2,400 coliforms per 100 mL.

2. Polluted raw surface water: 0.001-, 0.01-, 0.1-, and 1-mL samples will
include an MPN range of 20 to 240,000 coliform organisms per 100 mL.

6.1 Set up five culture tubes of lauryl tryptose broth for each sample
volume to be tested.

6.1.1 If the volume to be tested is 0.1 mL or more, transfer the

measured samples directly to the culture tubes using sterile pipets
(Note 2).
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6.1.2 If the volume of original water sample is less than 0.1 mL,
proceed as in 6.1.1 after preparing appropriate dilutions by adding the
sample to buffered dilution water in a sterile milk dilution bottle in
the following volumes:

Volume of sample added
Dilution to 99-milliliter Size of inoculum
milk dilution bottle

1:10 = memeeeccccesece-- 0.1 milliliter of
original sample
1:100 1 milliliter of 1 milliliter of
original sample 1:100 dilution
1:1,000 = eemmeememcceecea-- 0.1 milliliter of
1:100 dilution
1:10,000 1 milliliter of 1 milliliter of
1:100 dilution 1:10,000 dilution
1:100,000 = memmmmemeceeeeeae- 0.1 milliliter of

1:10,000 dilution

Note 2: Use a sterile pipet or hypodermic syringe for each bottle.
After each transfer, close and shake bottle vigorously at least 25 times to
maintain distribution of the organisms in the sample. Diluted samples need to
be inoculated within 20 minutes after preparation.

6.2 Clearly mark each set of culture tubes indicating location, time of
collection, sample number, and sample volume. Code each tube for easy identi-
fication.

6.3 Place the inoculated culture tubes in the culture-tube rack and
incubate at 35%0.5 °C for 24%*2 hours. Tubes must be maintained in an upright
position.

6.4 Remove culture tubes from incubator and examine. Gas in any quan-
tity in the durham tube, even a pinhead-sized bubble, constitutes a positive
test (fig. 4). The appearance of an air bubble must not be confused with
actual gas production. If the gas is formed as a result of fermentation, the
broth medium will become cloudy. Active fermentation may be indicated by the
continued appearance of small bubbles of gas in the medium outside the durham
tube when the culture tube is shaken gently (Bordner and others, 1978; Amer-
ican Public Health Association and others, 1985).

6.5 Sterilize the inoculating loop by flaming in the burner. The long
axis of the wire must be held parallel to the cone of the flame so the entire
end of the wire and loop is heated to redness. Remove from flame and allow
wire to cool for about 10 seconds. Do not allow the loop to contact any
foreign surface during the cooling period.
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6.6 Gently shake and uncap a positive culture tube of lauryl tryptose
broth. Insert the inoculating loop beneath the liquid surface and carefully
withdraw a loopful of culture. Uncap a tube of EC broth and insert the loop
beneath the medium surface. Gently swirl the loop to disperse bacteria in the
medium.

6.7 Recap both culture tubes. Flame the inoculating loop and inoculate
additional tubes until all positive cultures have been transferred to EC
broth. Sterilize the loop after each transfer. Place the culture-tube racks
of inoculated EC tubes into a water-bath incubator and incubate at 44.5%0.2 °C
for 24*2 hours. Place all inoculated EC tubes in the water bath as soon as
possible and always within 30 minutes.

6.8 Return remaining gas-negative culture tubes of lauryl tryptose broth
to the incubator and incubate at 35%0.5 °C for an additional 24%*2 hours.

6.9 Autoclave all gas-positive culture tubes of lauryl tryptose broth at
121 °C at 1.05 kg/cm? (15 psi) for 15 to 30 minutes before discarding.

6.10 Remove culture tubes of EC broth and examine for gas production.
Gas in any quantity indicates a positive test for fecal coliforms.

6.11 Remove remaining culture tubes of lauryl tryptose broth and examine
for gas production. Transfer any positive cultures to EC broth and incubate
as in 6.7 and 6.8.

6.12 Autoclave all gas-positive culture tubes of lauryl tryptose broth
and EC broth before discarding as in 6.9.

6.13 Remove remaining culture tubes of EC broth incubated in 6.11 and
examine for gas production.

6.14 Autoclave all culture tubes of EC broth before discarding as in
6.9.

7. Calculations

7.1 Record the number of gas-positive culture tubes of lauryl tryptose
broth and EC broth at 24 and 48 hours for all sample volumes tested. De-
termine presumptive MPN of total coliform bacteria from the number of positive
tubes of lauryl tryptose broth. Determine MPN of fecal coliform bacteria from
the number of positive tubes of EC broth.

7.2 When more than three volumes are tested, use results from only three
of them when computing the MPN. To select the three dilutions for the MPN
index, use as the first, the smallest sample volume in which all tests are
positive (no larger sample volume having any negative results) and the next
two succeeding smaller sample volumes (Bordner and others, 1978; American
Public Health Association and others, 1985).
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7.3 In the examples listed below, the number in the numerator represents
positive culture tubes; the denominator represents the total number of tubes
inoculated.

Decimal dilutions

Example 1 0.1 0.01 0.001 Combination
milliliter milliliter. milliliter milliliter of positives

a 545 5/5 2/5 0/5 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 5/5 3/5 1/5 1/5 5=3-2

e 5/5 3/5 2/5 0/5 5~3=2

In example c, the first three dilutions need to be taken to place the positive
results in the middle dilution. When a positive result occurs in a dilution
larger than the three chosen according to the guideline, as in d, it needs to
be placed in the result for the largest chosen dilution as in e (Note 3).

Note 3: The largest dilution has the smallest concentration of the
sample; the largest dilution in the preceding table is 0.001.

7.4 The MPN for various combinations of positive and negative results
when five 1-, five 0.1-, and five 0.01-mL dilutions are used are listed in
table 3. If a series of decimal dilutions other than 1, 0.1, and 0.01 mL is
used, the MPN value in table 3 needs to be corrected for the dilutions
actually used. To do this, divide the value in table 3 by the dilution factor
of the first number in the three-number sequence (the culture tubes having the
largest concentration of the sample). For example, if dilutions of 0.1, 0.01,
and 0.001 mL are used, divide the value in table 3 by 0.1 mL. MPN tables for
other combinations of sample volumes and numbers of tubes at each level of
inoculation are in American Public Health Association and others (1985).

7.5 Example: The following results were obtained with a five-tube
series:

Volume (milliliters)----- 1075 107 1077 1078 1079
Results-======-=mcecmeuu-x 5/5 575 3/5 1/5 0/5.

Using 107%, 1077, and 1078 mL sample volumes, the test results indicate a
sequence of 5-3-1 for which the MPN (table 3) is 1,100. Dividing by 107%, the
MPN is computed to be 11x108 fecal coliform bacteria per 100 mL and 95-percent
confidence limits of 3.1x10% and 25x10® fecal coliform bacteria per 100 mL.

8. Reporting of results
Report presumptive fecal coliform concentrations as MPN fecal coliforms

per 100 mL as follows: less than 10, whole numbers; 10 or more, two signif-
icant figures.
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Table 3.--Most-probable-number (MPN) index and 95-percent confidence
limits for various combinations of positive and negative results
when five 1-, five 0.1-, and five 0.0l1-milliliter dilutions
are used

[mL, milliliters; MPN, most probable number; ---, not applicable; modified
from American Public Health Association and others, 1985]

Number of culture tubes indicating

positive reaction out of: MPN 95-percent
index confidence
Five of Five of Five of per limits
1 mL 0.1 mL 0.01 mL 100 mL
each each each Lower Upper
0 0 0 <20 i i
0 0 1 20 <5 70
0 1 0 20 <5 70
0 2 0 40 <5 11
1 0 0 20 <5 70
| 0 1 40 <5 110
i 1 0 40 <5 110
1 1 I 60 <5 150
1 2 0 60 de 150
2 0 0 50 <5 130
2 0 1 70 10 170
2 1 0 70 10 170
2 1 1 90 20 210
2 2 0 90 20 210
2 3 0 120 30 280
3 0 0 80 10 190
3 0 1 110 20 250
3 1 0 110 20 250
3 1 1 140 40 340
3 2 0 140 40 340
3 2 1 170 50 460
4 0 0 130 30 310
4 0 1 170 50 460
4 1 0 170 50 460
4 1 1 210 70 630
4 1 2 260 90 780
4 2 0 220 70 670
4 2 1 260 90 780
4 3 0 270 90 800
4 3 1 330 110 930
4 4 0 340 120 930

78




Table 3.--Most-probable-number (MPN) index and 95-percent confidence
limits for various combinations of positive and negative results
when five 1-, five 0.1-, and five 0.01-milliliter dilutions
are used--Continued

Number of culture tubes indicating

positive reaction out of: MPN 95-percent
index confidence
Five of Five of Five of per limits

1 mL 0.1 mL 0.01 mL 100 mL

each each each Lower Upper
5 0 0 230 70 700
5 0 1 310 110 890
5 0 2 430 150 1,100
5 1 0 330 110 930
5 1 1 460 160 1,200
5 1 2 630 210 1,500
5 2 0 490 170 1,300
5 2 1 700 230 1,700
5 2 2 940 280 2,200
5 3 0 790 250 1,900
5 3 1 1,100 310 2,500
5 3 2 1,400 370 3,400
5 3 3 1,800 440 5,000
5 4 0 1,300 350 3,000
5 4 1 1,700 430 4,900
5 4 2 2,200 570 7,000
5 4 3 2,800 900 8,500
5 4 4 3,500 1,200 10,000
5 5 0 2,400 680 7,500
2 5 1 3,500 1,200 10,000
5 3 2 5,400 1,800 14,000
D 5 3 9,200 3,000 32,000
5 5 4 16,000 6,400 58,000
5 5 5 >24,000 Saia e
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9. Precision

9.1 Precision of the MPN method increases as the number of culture tubes
is increased. It increases rapidly as the number of tubes increases from 1
to 5, but then it increases at a slower rate making the gain, when using
10 tubes instead of 5, 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
a tenfold dilution series is listed below:

Number of culture tubes Variance for tenfold
at each dilution dilution series
] == 0.580
3 memmmmmemeceeeeeee +335
S s ——— =259
10 =~===-mmmmmmee e .183

9.2 The 95-percent confidence limits for various combinations of
positive and negative results, when five 1-, five 0.1-, and five 0.01-mL
dilutions are used are listed in table 3.

10. References cited

American Public Health Association, American Water Works Association, and
Water Pollution Control Federation, 1985, Standard methods for the
examination of water and wastewater (16th ed.): Washington, D.C.,
American Public Health Association, 1,268 p.

Bordner, R. H., Winter, J. A., and Scarpino, Pasquale, eds., 1978,
Microbiological methods for monitoring the environment, water and wastes:
Cincinnati, Ohio, U.S. Environmental Protection Agency, EPA-600/8-78-017,
338 p.

80



Fecal Streptococcal Bacteria (Membrane-Filter Method)

Immediate Incubation Test
(B-0055-85)

Parameter and Code:
Streptococci, fecal, MF, KF agar
(colonies/100 mL): 31673

Fecal streptococci are increasingly used as indicators of substantial
contamination of water because the normal habitat of these organisms is the
intestines of man and animals. Fecal streptococcal data verify fecal
pollution and may provide additional information concerning the recency and
probable origin of pollution.

1. Applications
The method is applicable to most types of water.
2. Summary of method

The sample is filtered onsite immediately after collection, and the
filter is placed on a nutrient medium designed to stimulate the growth of
fecal streptococci and to suppress the growth of other organisms. After
incubation at 35%0.5 °C for 48 hours, the red or pink colonies are counted.

3. Interferences

3.1 Suspended materials may inhibit the filtration of sample volumes
sufficient to produce significant results. Streptococcal colony formation on
the filter may be inhibited by large numbers of nonstreptococcal colonies, by
the presence of algal filaments and detritus, or by toxic substances.

3.2 Water samples having a large suspended-solids concentration may be
divided between two or more membrane filters. The multiple-tube method, which
is described in this chapter, will give the most reliable results when
suspended-solids concentrations are large and streptococcal counts are small.

4. Apparatus

All materials used in microbiological testing need to be free of agents
that inhibit bacterial growth. Most of the materials and‘apparatus listed in
this section are available from scientific supply companies.

The following apparatus list assumes the use of an onsite kit for micro-
biological water tests, such as the portable water laboratory (Millipore, or
equivalent). If other means of sample filtration are used, refer to the manu-
facturer's instructions for proper operation of the equipment. Items marked
with an asterisk (*) in the list are included in the portable water laboratory
(fig. 1).

4.1 Alcohol burner, glass or metal, containing ethyl alcohol for flame
sterilizing of forceps.
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4.2 Aluminum seals, one piece, 20 mm.

4.3 Bottles, milk dilution, screwcap.

4.4 Bottles, serum.

4.5 Crimper, for attaching aluminum seals.

4.6 Decapper, for removing aluminum seals from spent tubes.

4.7 Filter apparatus, sterile, complete with membrane filter, 0.22-pm

mean pore size, 25-mm diameter.

4.8 Filter-holder assembly* and syringe that has a two-way valve* or
vacuum hand pump.

4.9 TForceps*, stainless steel, smooth tips.

4.10 Graduated cylinders, 100-mL capacity.

4.11 Hypodermic syringes, sterile, 1-mL capacity, equipped with
26-gauge, 3/8-in. needles.

4.12 Hypodermic syringes, sterile, 10-mL capacity, equipped with
22-gauge, 1- to 1%-in. needles.

4.13 Incubator®, for operation at a temperature of 35%0.5 °C. A
portable incubator as provided in the portable water laboratory, or
heaterblock (fig. 2), which operates on either 115 V ac or 12 V dc, is
convenient for onsite use. A larger incubator, having more precise
temperature regulation, is satisfactory for laboratory use.

4.14 Membrane filters, white, grid, sterile, 0.45-pm mean pore size,
47-mm diameter.

4.15 Microscope, binocular wide-field dissecting-type, and
fluorescent lamp.

4.16 Pipets, 1-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.17 Pipets, 10-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.18 Pipettor, or pi-pump, for use with 1- and 10-mL pipets.

4.19 Plastic petri dishes with covers, disposable, sterile, 50X12 mm.

4.20 Plastic syringe, disposable, 20-mL capacity.

4.21 Rubber stoppers, 13X20 mm.
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4.22 Sample-collection apparatus. Use an appropriate device for col-
lecting a representative sample from the environment to be tested, following
guidelines in the "Collection" subsection of the "Bacteria" section.

4.23 Sterilizer, horizontal steam autoclave, or vertical steam
autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks pre-
venting removal of lid while pressure exists. These features are necessary in
maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

4.24 Thermometer, having a temperature range of at least 40 to 100 °C.
5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Buffered dilution water. Dissolve 34 g potassium dihydrogen phos-
phate (KH2PO4) in 500 mL distilled water. Adjust to pH 7.2 using 1 N sodium
hydroxide (NaOH). Dilute to 1 L using distilled water. Sterilize in dilution
bottles at 121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Add 1.25 mL KHzPO4
solution to 1 L distilled water containing 0.1 percent peptone. (Do not store
KH;PO4 solutions for more than 3 months.) Dispense in milk dilution or serum
bottles (capped with rubber stoppers and crimped with aluminum seals) in quan-
tities that will provide 99+2 mL after autoclaving at 121 °C at 1.05 kg/cm?
(15 psi) for 20 minutes. Allow enough space between bottles for steam to
circulate during autoclaving. Loosen caps prior to sterilizing and tighten
when bottles have cooled.

5.2 Distilled or deionized water.

5.3 Ethyl alcohol, 95-percent denatured or absolute ethyl alcohol for
sterilizing equipment. Absolute methyl alcohol also may be used for steri-
lization.

5.4 KF streptococcus agar. Suspend 7.64 g KF streptococcus agar in
100 mL distilled water. Do not autoclave. Stir and heat to boiling in a
water bath. Once boiling starts, heat an additional 5 minutes. Remove from
heat and cool to 50 to 60 °C. Add 1 mL 1l-percent TTC solution after the
medium has cooled to less than 60 °C. If commercially prepared l-percent
sterile TTC solution is used, swab the rubber septum on the vial with
95-percent ethyl alcohol before use. Remove 1 mL using a sterile, disposable
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hypodermic syringe. When medium has cooled to approximately 50 °C, pour
medium into 50X12-mm petri dishes to a depth of 4 mm (6-7 mL). When medium
solidifies, store the prepared plates in a refrigerator. Discard after

2 weeks if sterile TTC was used and after 24 hours if unsterilized TTC was
used.

5.5 Methyl alcohol, absolute, for sterilizing filter-holder assembly.

5.6 TTC solution. Sterile 1-percent TTC solution is available from
commercial sources. Alternatively, prepare a l-percent sterile solution by
dissolving 0.1 g triphenyltetrazolium chloride in 10 mL distilled water.
Filter the solution aseptically through a 0.22-pm-membrane filter into a
sterile, capped test tube. Store sterilized TTC solution at 2 to 8 °C in
darkness and discard after container has been opened for 1 month or if
contamination occurs, as indicated by color change or turbidity. As an
expedient, substitute freshly prepared unsterilized TTC solution if the KF
medium will be used promptly. TTC solution cannot be sterilized by heat.

6. Analysis

The volumes of the sample to be filtered depend on the expected bacterial
density of the water being tested, but the volumes should be enough that,
after incubation, at least one of the membrane filters will contain from 20 to
100 fecal streptococcal colonies.

Fecal streptococci generally are present in fewer numbers than coliform
bacteria; therefore, the filtered volume of sample needs to be larger than
that used for other indicator bacterial determinations. When filtering water
of unknown quality, the following sample volumes are suggested: 0.05, 0.25,
1, 5, 25, and 100 mL. This will include a range of 20 to 200,000 fecal strep-
tococci per 100 mL using the criterion of 20 to 100 colonies on a filter as an
ideal determination.

6.1 Pour agar medium at 45 to 50 °C into bottom (larger 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.

6.2 Sterilize filter-holder assembly (Note 1). In the laboratory, wrap
the funnel and filter base parts of the assembly separately in kraft paper or
polypropylene bags and sterilize in the autoclave at 121 °C at 1.05 kg/cm? (15
psi) for 15 minutes. Steam must contact all surfaces to ensure complete
sterilization. Cool to room temperature before use.

Note 1: Onsite sterilization of the filter-holder assembly needs to be
in accordance with the manufacturer's instructions but usually involves
application and ignition of methyl alcohol to produce formaldehyde. Autoclave
sterilization in the laboratory prior to the trip to the sampling site is
preferred. Sterilization must be performed at all sites.

6.3 Assemble the filter holder and, using flame-sterilized forceps
(Note 2), place a sterile membrane filter over the porous plate of the
assembly, grid side up. Carefully place funnel on filter to avoid tearing or
creasing the membrane.
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Note 2: Flame-sterilized forceps--Dip forceps in ethyl or methyl
alcohol, pass through flame to ignite alcohol, and allow to burn out. Do
not hold forceps in flame.

6.4 Shake the sample vigorously about 25 times to obtain an equal dis-
tribution of bacteria throughout the sample before transferring a measured
portion of the sample to the filter-holder assembly.

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

6.4.2 If the volume of sample is between 1 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 bacteria.

6.4.3 If the volume of original water sample is less than 1 mL,
proceed as in 6.4.1 after preparing appropriate dilutions by adding the
sample to buffered dilution water in a sterile milk dilution bottle
(Note 3) in the following volumes:

Volume of sample added
Dilution to 99-milliliter Filter this volume
milk dilution bottle

1%10 11 milliliters of 1 milliliter of
original sample 1:10 dilution
1:100 1 milliliter of 1 milliliter of
original sample 1:100 dilution
1:1,000 1 milliliter of 1 milliliter of
1:10 dilution 1:1,000 dilution
1:10,000 1 milliliter of 1 milliliter of
1:100 dilution 1:10,000 dilution

Note 3: Use a sterile pipet or hypodermic syringe for each bottle.
After each transfer, close and shake the bottle vigorously at least
25 times to maintain distribution of the organisms in the sample.
Diluted samples need to be filtered within 20 minutes after preparation.

6.5 Apply vacuum and filter the sample. When vacuum is applied using a
syringe fitted with a two-way valve, proceed as follows: Attach the filter-
holder 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 assembly fills with water. Push the plunger forward to
expel air from the syringe. Continue until the entire sample has been fil-
tered. 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. If a vacuum hand pump is used, do not exceed a pressure
of 25 cm to avoid damage to bacteria.
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6.6 Rinse sides of funnel twice with 20 to 30 mL of sterile buffered
dilution water while applying vacuum.

6.7 Maintaining the vacuum, remove the funnel from the base of the
filter-holder assembly and, using flame-sterilized forceps, remove the mem-
brane filter from the base and place it on the agar surface 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 (Note 4).

Note 4: Hold the funnel while removing the membrane filter and place it
back on the base of the assembly when the membrane filter has been removed.
Placement of the funnel on anything but the base of the assembly may result in
contamination of the funnel.

6.8 Place top on petri dish and proceed with filtration of the next
volume of water. Filter in order of increasing sample volume, rinsing with
sterile buffered dilution water between filtratioms.

6.9 Clearly mark the 1id of each plastic petri dish indicating location,
time of collection, time of incubation, sample number, and sample volume. Use
a waterproof felt-tip marker or grease pencil.

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

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

6.12 Incubate the filters in the tightly closed petri dishes in an
inverted position (agar and filter at the top) at 35%0.5 °C for 48%2 hours.
Filters need to be incubated within 20 minutes after placement on medium.

6.13 Count all red or pink colonies 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 using 10X to 15X magnifi-

cation. Illumination is not critical.

6.14 Autoclave all cultures at 121 °C at 1.05 kg/cm? (15 psi) for 15 to
30 minutes before discarding.

7. Calculations

7.1 If only one filter has a colony count between the ideal of 20 and
100, use the equation:

Number of colonies counted X 100

Fecal streptococcal colonies/100 mL = :
Volume of original sample filtered
(milliliters)
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7.2 If all filters have counts less than the ideal of 20 colonies or
greater than 100 colonies, calculate using the equations in 7.5 for only those
filters having at least one colony and not having colonies too numerous to
count. Report results as number per 100 mL, followed by the statement,
"Estimated count based on nonideal colony count."

7.3 If no filters develop characteristic fecal streptococcal colonies,
report a maximum estimated value. Assume a count of one colony for the
largest sample volume filtered, then calculate using the equation in 7.1.
Report the results as less than (<) the calculated value per 100 mL.

7.4 If all filters have colonies too numerous to count, report a minimum
estimated value. Assume a count of 100 fecal streptococcal colonies for the
smallest sample volume filtered, then calculate using the equation in 7.1.
Report the results as greater than (>) the calculated value per 100 mL.

7.5 Sometimes two or more filters of a series will produce colony counts
within the ideal counting range. Make colony counts for all such filters.
The method for calculating and averaging is as follows (Note 5):

Volume filter 1 Colony count filter 1
+ Volume filter 2 + Colony count filter 2
Volume sum Colony count sum

Colony count sum X 100

Fecal streptococcal colonies/100 mL =
Volume sum (milliliters)

Note 5: Do not calculate the fecal streptococcal colonies per 100 mL for
each volume filtered and then average the results.

8. Reporting of results

Report the fecal streptococcal concentration as fecal streptococcal
colonies per 100 mL as follows: less than 10 colonies, whole numbers; 10 or
more colonies, two significant figures.
9. Precision

No numerical precision data are available.

10. References cited

Millipore Corp., 1973, Biological analysis of water and wastewater: Bedford,
Mass., Application Manual AM302, 84 p.
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Fecal Streptococcal Bacteria (Membrane-Filter Method)

Confirmation Test
(B-0060-85)

Parameter and Code: Not applicable

KF agar medium stimulates the growth of fecal streptococci. A few other
types of bacteria, chiefly nonfecal streptococci, may appear occasionally on
this medium. Colonies of nonfecal streptococci typically are very small but
exhibit the characteristic red or pink coloration and could be counted as
fecal streptococci in the membrane-filter method. Suspected colonies may be
confirmed according to this test.

The fecal streptococcal bacteria are distinguished from other bacteria
by the following three characteristics: (1) They lack the enzyme catalase;
(2) they can grow at 45*0.5 °C; and (3) they grow in 40-percent bile. The
confirmation test uses these three characteristics as criteria for identifi-
cation. The procedure is similar to that in Bordner and others (1978) and the
American Public Health Association and others (1985).

1. Applications

The confirmation test is applicable to fecal streptococcal colonies pro-
duced by the membrane-filter method. Confirmation must be made as soon as
possible 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%0.5 °C and in the presence of 40-percent
bile. Absence of catalase and growth at 45%0.5 °C and in 40-percent bile
constitute a positive test for fecal streptococci. Presence of catalase or
failure to grow at 45%0.5 °C or in 40-percent bile 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 in this method.

4. Apparatus

All materials used in microbiological testing need to be free of agents
that inhibit bacterial growth. Most of the materials and apparatus listed in
this section are available from scientific supply companies.

The following apparatus list assumes the use of an onsite kit for micro-

biological water tests, such as the portable water laboratory (Millipore, or
equivalent). If other means of sample filtration are used, refer to the
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manufacturer's instructions for proper operation of the equipment. Items
marked with an asterisk (*) in the list are included in the portable water
laboratory (fig. 1).

4.1 Bunsen burner, for sterilizing inoculating loop.

4.2 Culture tubes, borosilicate glass, 16X150 mm, and culture-tube caps,
16 mm.

4.3 Culture-tube rack, galvanized, for 16-mm tubes.

4.4 Incubator®*, for operation at a temperature of 35%0.5 °C. A portable
incubator as provided in the portable water laboratory, or heaterblock
(fig. 2), which operates on either 115 V ac or 12 V dc, is convenient for
onsite use. A larger incubator, having more precise temperature regulation,
is satisfactory for laboratory use.

4.5 Inoculating loop, platinum-iridium wire, 3 mm, Brown and Sharpe
gauge 26.

4.6 Microscope slides, glass, 76X25 mm.

4.7 Needle holder.

4.8 Sterilizer, horizontal steam autoclave, or vertical steam autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks
preventing removal of lid while pressure exists. These features are necessary
in maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Brain-heart infusion agar. Add 52 g brain-heart infusion agar to
1 L distilled water. Heat in a water bath and vigorously stir until solution
becomes clear. Remove from heat immediately on clearing. Place 5 mL of hot
solution in each of twelve 16X150-mm culture 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/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. 5). Allow to cool until the solution
solidifies.
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Figure 5.--Preparation of agar slant.

5.2 Brain-heart infusion broth. Add 37 g brain-heart infusion broth to
1 L distilled water. Stir until dissolved. Place 6 mL of broth in each of
twelve 16X150-mm culture tubes. Cap each tube. Sterilize at 121 °C at
1.05 kg/cm? (15 psi) for 15 minutes.

5.3 Brain-heart infusion-40-percent bile broth. Add 37 g brain-heart
infusion broth to 1 L distilled water. Stir until dissolved. Place 6 mL of
brain-heart infusion broth in each of twelve 16X150-mm culture tubes. Cap
each tube. Sterilize at 121 °C at 1.05 kg/cm? (15 psi) for 15 minutes.

Add 100 g oxgall to 1 L distilled water. Stir until dissolved. Place 4
mL of 10-percent oxgall solution in each of twelve 16X150-mm culture tubes.
Cap each tube. Sterilize at 121 °C at 1.05 kg/cm? (15 psi) for 15 minutes.

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

the brain-heart infusion-broth tube and recap.

5.4 Distilled or deionized water.

5.5 Hydrogen peroxide solution, 3 percent.

5.6 Potassium iodide, crystals.
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6. Analysis

6.1 Complete the membrane-filter method for fecal streptococcal bacteria
according to procedures described in this chapter.

6.2 Select a colony or colonies to be confirmed for fecal streptococcal
bacteria from the incubated membrane filter.

6.3 Sterilize the inoculating loop by flaming in the burner. The long
axis of the wire needs to be held parallel to the cone of the flame so the
entire end of the wire and loop is heated to redness.

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

6.5 Uncap a culture tube of a brain-heart infusion-agar slant and hold
it at an angle of about 45° with the flat surface of the slant upward
(fig. 6). Insert the inoculating loop and colony material into the tube.
Starting at the base of the slant, lightly rub the loop against the agar,
moving toward the top, in a zig-zag pattern (fig. 6).

Lightly rub in zig-zag
pattern toward top

Figure 6.--Method of streaking on an agar slant.
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6.6 Recap the culture tube. Flame the inoculating loop and inoculate
additional tubes as in 6.4 and 6.5 until all colonies to be tested have been
placed on agar in separate tubes. Place the inoculated tubes in the culture-
tube rack and incubate at 35%0.5 °C for 24 to 48 hours.

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

6.8 Test the potency of the hydrogen peroxide solution by placing a few
milliliters in a test tube and adding a few potassium iodide crystals. A
brown coloration and the appearance of bubbles in the solution indicate that
the hydrogen peroxide solution is acceptable for use. If these reactions do
not occur, discard and obtain a fresh hydrogen peroxide solution.

6.9 Flame the inoculating loop and allow to cool. Immediately uncap a
culture tube of brain-heart infusion agar having growth. Remove a loopful of
growth from the 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 watch 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 streptococcal culture, and the confirmation test should be continued.
The presence of bubbles constitutes a positive catalase test indicating the
presence of a nonstreptococcal bacteria, and the test may be terminated at
this point.

6.10 Proceed as follows for all catalase-negative cultures. Uncap one
culture tube each of brain-heart infusion broth and brain-heart infusion-
40-percent bile broth. Using a flamed inoculating loop, transfer one loopful
of material from the brain-heart infusion-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.

6.11 Flame the inoculating loop and inoculate additional culture tubes
as in 6.9 until all catalase-negative cultures have been placed in separate
tubes of brain-heart infusion broth and brain-heart infusion-40-percent bile
broth.

6.12 Place the inoculated culture tubes of brain-heart infusion broth in
a culture-tube rack and incubate at 45%0.5 °C for 48%3 hours. Include tubes
of uninoculated medium as controls.

6.13 Place the inoculated culture tubes of brain-heart infusion-
40-percent bile broth in a culture-tube rack and incubate at 35%0.5 °C for
724 hours. Include tubes of uninoculated medium as controls.

6.14 Remove culture tubes from incubator and examine. Appearance of

turbidity in the inoculated tubes, when compared to the controls, constitutes
a positive test for growth.
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Appearance of growth in the brain-heart infusion broth and the brain-
heart infusion-40-percent bile broth constitutes a positive confirmation for
the presence of fecal streptococci in the original colony. Absence of growth
in either or both culture tubes indicates that the original colony was not of
the fecal streptococcal group.

6.15 Autoclave all inoculated culture tubes and smeared slides at 121 °C
at 1.05 kg/cm? (15 psi) for 15 to 30 minutes before discarding.

7. Calculations
No calculations are necessary.
8. Reporting of results

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

9. Precision
No precision data are available.
10. References cited

American Public Health Association, American Water Works Association, and
Water Pollution Control Federation, 1985, Standard methods for the
examination of water and wastewater (16th ed.): Washington, D.C.,
American Public Health Association, 1,268 p.

Bordner, R. H., Winter, J. A., and Scarpino, Pasquale, eds., 1978,
Microbiological methods for monitoring the environment, water and wastes:
Cincinnati, Ohio, U.S. Environmental Protection Agency, EPA-600/8-78-017,
338 p.

94



Fecal Streptococcal Bacteria (Most-Probable-Number, MPN, Method)

Presumptive and Confirmation Test
(B-0065-85)

Parameter and Code:
Streptococci, fecal (MPN): 31677

1. Applications

This method is not applicable to saline water. It is applicable to fresh
water having large suspended-solids concentration and large populations of
nonstreptococcal bacteria.

2. Summary of method

2.1 Decimal dilutions of multiple sample aliquots are inoculated into
azide dextrose broth. The cultures are incubated at 35%0.5 °C and examined
after 24 and 48 hours for evidence of growth. Positive cultures at 24 or
48 hours constitute a positive presumptive test for fecal streptococci.

2.2 Positive cultures at 24 and 48 hours are inoculated into ethyl
violet azide broth and incubated at 35%0.5 °C and examined after 24 hours.
Negative ethyl violet azide cultures after 24-hour incubation are reinoculated
with original positive presumptive cultures of azide dextrose broth, incu-
bated, and examined again after an additional 24 hours. Growth in ethyl
violet azide after 24 or 48 hours constitutes a positive confirmation test for
fecal streptococci.

3. Interferences

Certain members of the streptococcal group from soil, vegetative, and
insect sources will test positive in this procedure; therefore, the test
should be used concurrently with tests for other fecal indicators to sub-
stantiate the sanitary significance of the results (American Public Health
Association and others, 1985). Differentiation of the streptococcal group
requires additional taxonomic tests (Bordner and others, 1978, p. 144-153).

4. Apparatus

All materials used in microbiological testing need to be free of agents
that inhibit bacterial growth. Most of the materials and apparatus listed in
this section are available from scientific supply companies.

The following apparatus list assumes the use of an onsite kit for micro-
biological water tests, such as the portable water laboratory (Millipore, 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 are included in the portable water
laboratory (fig. 1).
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4.1 Aluminum seals, one piece, 20 mm.

4.2 Bottles, milk dilution, screwcap.
4.3 Bottles, serum.

4.4 Bunsen burner, for sterilizing inoculating loop.

4.5 Crimper, for attaching aluminum seals.

4.6 Culture tubes. The size and the type of culture tube used depend on
the volume of water to be tested and whether the test is to be done in the
laboratory or onsite. The procedure described below specifies the use of test
tubes as culture vessels. Serum bottles may be more appropriate as culture
vessels if samples are to be inoculated and incubated onsite. Apparatus
needed for an onsite procedure is described in the "Presumptive Onsite Test"
(B-0040-85) subsection of the "Total Coliform Bacteria" section.

4.6.1 For testing 10-mL aliquots, use borosilicate glass culture
tubes, 20X150 mm; tube caps, 20 mm.

4.6.2 For testing 1-mL or smaller aliquots, use borosilicate glass
culture tubes, 16X125 mm; tube caps, 16 mm.

4.7 Culture-tube rack, galvanized, for 16- and 20-mm culture tubes.

4.8 Decapper, for removing aluminum seals from spent tubes.

4.9 Hypodermic syringes, sterile, 1-mL capacity, equipped with 26-gauge,
3/8-in. needles.

4.10 Hypodermic syringes, sterile, 10-mL capacity, equipped with
22-gauge, 1- to 1%-in. needles.

4.11 Incubator*, for operation at a temperature of 35%0.5 °C. A port-
able incubator as provided in the portable water laboratory, or heaterblock
(fig. 2), which operates on either 115 V ac or 12 V dc, is convenient for
onsite use. A larger incubator, having more precise temperature regulation,
is satisfactory for laboratory use.

4.12 Inoculating loop, platinum-iridium wire, 3 mm, Brown and Sharpe
gauge 26.

4.13 Needle holder.

4.14 Pipets, 1-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.15 Pipets, 10-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.
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4.16 Pipettor, or pi-pump, for use with 1- and 10-mL pipets.

4.17 Rubber stoppers, 13X20 mm.

4.18 Sample-collection apparatus. Use an appropriate device for col-
lecting a representative sample from the environment to be tested, following
guidelines in the "Collection" subsection of the "Bacteria" section.

4.19 Sterilizer, horizontal steam autoclave, or vertical steam
autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks
preventing removal of lid while pressure exists. These features are necessary
in maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Azide dextrose broth. Use premixed azide dextrose broth, and pre-
pare according to directions on bottle label. The medium also may be prepared
according to American Public Health Association and others (1985).

5.1.1 Place 10 mL of medium containing 69.4 g/L azide dextrose
broth in a 20X150-mm culture tube or a serum bottle for each 10-mL
aliquot of sample to be tested.

5.1.2 Place 10 mL of medium containing 34.7 g/L azide dextrose
broth in a 16X125-mm culture tube or a serum bottle for each 1-mL or
smaller aliquot to be tested.

5.1.3 Sterilize capped culture tubes or serum bottles of media in
upright position at 121 °C at 1.05 kg/cm? (15 psi) for 15 minutes.

5.2 Buffered dilution water. Dissolve 34 g potassium dihydrogen
phosphate (KH,PO4) in 500 mL distilled water. Adjust to pH 7.2 using 1 N
sodium hydroxide (NaOH). Dilute to 1 L using distilled water. Sterilize in
dilution bottles at 121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Add
1.25 mL KHoPO4 solution to 1 L distilled water containing 0.1 percent peptone.
(Do not store KHyPO4 solutions for more than 3 months). Dispense in milk
dilution or serum bottles (capped with rubber stoppers and crimped with
aluminum seals) in quantities that will provide 99%2 mL after autoclaving at
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121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Allow enough space between
bottles for steam to circulate during autoclaving. Loosen caps prior to
sterilizing and tighten when bottles have cooled.

5.3 Distilled or deionized water.

5.4 Ethyl violet azide (EVA) broth. Use premixed EVA broth, and prepare
according to directions on bottle label (Note 1).

Note 1: Because the number of positive azide dextrose broth
cultures is unknown at the time of medium preparation, prepare a
sufficient number of culture tubes containing ethyl violet azide
broth to enable inoculation of the maximum number of positives.

5.4.1 Place 10 mL of medium containing 35.8 g/L EVA broth in a
16X125-mm culture tube for each culture tube or serum bottle of azide
dextrose broth prepared in 5.1.

5.4.2 Sterilize capped culture tubes or serum bottles of media in
upright position at 121 °C at 1.05 kg/cm? (15 psi) for 15 minutes.

6. Analysis

Two questions must be answered when planning a multiple-tube test:
1. What volumes of water need to be tested?
2. How many cultur: tubes of each volume need to be tested?

Choose a range of volumes so positive and negative results are obtained
throughout the range tested. The method fails if only positive or only
negative results are obtained when all volumes are tested. The number of
culture 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 also are increased. A five-
tube series is described below. Order-of-magnitude estimates can be made
using a one-tube series.

6.1 Set up five culture tubes of azide dextrose broth for each sample
volume to be tested.

6.1.1 If the volume to be tested is 0.1 mL or more, transfer the
measured samples directly to the culture tubes using sterile pipets
(Note 1).
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6.1.2 If the volume of original water sample is less than 0.1 mL,
proceed as in 6.1.1 after preparing appropriate dilutions by adding the
sample to buffered dilution water in a sterile milk dilution bottle in
the following volumes:

Volume of sample added
Dilution to 99-milliliter Size of inoculum
milk dilution bottle

L:10 000 eeeseseeassss e 0.1 milliliter of
original sample
1:100 1 milliliter of 1 milliliter of
original sample 1:100 dilution
1:1,000 = ssmmmmmemmecese-- 0.1 milliliter of
1:100 dilution
1:10,000 1 milliliter of 1 milliliter of
1:100 dilution 1:10,000 dilution
1:100,000 = o mememmemmeeeee—ee- 0.1 milliliter of

1:10,000 dilution

Note 1: Use a sterile pipet or hypodermic syringe for each bottle.
After each transfer, close and shake the bottle vigorously 25 times to
maintain distribution of the organisms in the sample. Diluted samples
need to be inoculated within 20 minutes after preparation.

6.2 Clearly mark each set of culture tubes indicating location, time
of collection, sample number, and sample volume. Code each tube for easy
identification.

6.3 Place the inoculated culture tubes in the culture-tube rack and
incubate at 35%0.5 °C for 24%*2 hours. Tubes must be maintained in an upright
position. Include a tube of uninoculated medium as a control.

6.4 Remove the inoculated culture tubes from the incubator and examine
each tube for the presence of turbidity. Any quantity of turbidity in the
inoculated tubes, when compared to the control, constitutes a positive
presumptive test for fecal streptococci.

6.5 Sterilize the inoculating loop by flaming in the burner. The long
axis of the wire needs to be held parallel to the cone of the flame so the
entire end of the wire and loop is heated to redness.

6.6 Remove from flame and allow wire to cool for about 10 seconds. Do
not allow the inoculating loop to contact any foreign surface during the
cooling period.

6.7 Gently shake and uncap a positive culture tube of azide dextrose
broth. Insert the inoculating loop beneath the liquid surface and carefully
withdraw a loopful of culture. Uncap a tube of EVA broth and insert the loop
of culture beneath the liquid surface. Gently swirl the loop to disperse the
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bacteria. Repeat this procedure twice more, flaming the loop between
inoculations, until three loopfuls of culture have been transferred to the
tube containing the EVA broth.

6.8 Recap both culture tubes. Flame the inoculating loop and inoculate
additional tubes as in 6.7, transferring three loopfuls of culture to each
tube, until all positive cultures have been transferred to EVA broth.

6.9 Return all positive and negative culture tubes of azide dextrose
broth and inoculated tubes of EVA broth to the incubator and incubate at
35%0.5 °C for 24%*2 hours.

6.10 Remove all culture tubes from the incubator and examine. A pos-
itive culture on EVA broth is indicated by a purple button of growth at the
bottom of the tube or occasionally by dense turbidity. Sterilize positive EVA
broth tubes in the autoclave at 121 °C at 1.05 kg/cm? (15 psi) for 15 to 30
minutes before discarding.

6.10.1 Reinoculate any negative EVA broth culture tubes using an
additional three loopfuls of the original positive azide dextrose broth
as in 6.7. Discard the original positive presumptive tubes after
autoclaving.

6.10.2 Inoculate into EVA broth material from any additional
culture tubes of azide dextrose broth that have become positive during

the preceding 24*2-hour incubation.

6.10.3 Return remaining positive azide dextrose broth culture tubes
and remaining EVA broth tubes to the incubator and incubate as in 6.3.

6.11 Remove all culture tubes from the incubator and examine.

6.11.1 Discard after autoclaving any EVA broth culture tubes that
remain negative after reinoculation in 6.10.1.

6.11.2 Reinoculate any negative EVA broth culture tubes from
6.10.2 with three loopfuls of original positive azide dextrose broth

cultures.

6.11.3 Sterilize and discard all remaining culture tubes of azide
dextrose broth cultures and all positive tubes of EVA broth.

6.11.4 Return remaining culture tubes of EVA broth to the incubator
and incubate as in 6.3.

6.12 Remove the last EVA broth culture tubes and examine. Discard all
remaining tubes after autoclaving.
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7. Calculations

7.1 Record the number of positive culture tubes occurring for all sample
volumes tested. Calculate presumptive fecal streptococci from the total
number of positive tubes of azide dextrose broth. Use the number of positive
tubes of EVA broth to determine the most probable number of confirmed fecal
streptococci.

7.2 When more than three volumes are tested, use the results from only
three of them when computing the MPN. To select the three dilutions for the
MPN index, use as the first, the smallest sample volume in which all tests are
positive (no larger sample volume having any negative results) and the next
two succeeding smaller sample volumes (American Public Health Association and
others, 1985).

7.3 In the examples listed below, the number in the numerator represents
positive culture tubes; the denominator represents the total number of tubes
inoculated.

Decimal dilutions

Example 1 0.1 0.01 0.001 Combination
milliliter milliliter milliliter milliliter of positives

a 5/5 5/5 2/5 0/5 5-2-0

b 5/5 4/5 2/5 0/5 5-4-2

e 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 5-3-2

In example c, the first three dilutions need to be taken to place the positive
results in the middle dilution. When a positive result occurs in a dilution
larger than the three chosen according to the guideline, as in d, it needs to
be placed in the result for the largest chosen dilution as in e (Note 2).

Note 2: The largest dilution has the smallest concentration of the
sample; the largest dilution in the preceding table is 0.001.

7.4 The MPN for various combinations of positive and negative results
when five 1-, five 0.1-, and five 0.01-mL dilutions are used are listed in
table 4. If a series of decimal dilutions other than 1, 0.1, and 0.01 mL is
used, the MPN value in table 4 needs to be corrected for the dilutions
actually used. To do this, divide the value in table 4 by the dilution factor
of the first number in the three-number sequence (the culture tubes having the
largest concentration of the sample). For example, if dilutions of 0.1, 0.01,
and 0.001 mL are used, divide the value in table 4 by 0.1 mL. MPN tables for
other combinations of sample volumes and number of tubes at each level of
inoculation are in American Public Health Association and others (1985).
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Table 4.--Most-probable-number (MPN) index and 95-percent confidence

[mL, milliliters; MPN, most probable number; ---, not applicable; modified
from American Public Health Association and others, 1985]

limits for various combinations of positive and negative results

when five 1-, five 0.1-, and five 0.01-milliliter dilutions

are used

Number of culture tubes indicating

positive reaction out of: MPN 95-percent
index confidence
Five of Five of Five of per limits
1 mL 0.1 mL 0.01 mL 100 mL
each each each Lower Upper
0 0 0 <20 e =
0 0 1 20 <5 70
0 1 0 20 <5 70
0 2 0 40 <5 11
1 0 0 20 <5 70
1 0 1 40 <5 110
1 1 0 40 <5 110
1 1 1 60 <5 150
1 2 0 60 <5 150
2 0 0 50 <5 130
2 0 1 70 10 170
2 1 0 70 10 170
2 1 1 90 20 210
2 2 0 90 20 210
2 3 0 120 30 280
3 0 0 80 10 190
3 0 1 110 20 250
3 1 0 110 20 250
3 1 1 140 40 340
3 2 0 140 40 340
3 2 1 170 50 460
4 0 0 130 30 310
4 0 1 170 50 460
4 1 0 170 50 460
4 1 1 210 70 630
4 1 2 260 90 780
4 2 0 220 70 670
4 2 1 260 90 780
4 3 0 270 90 800
4 3 1 330 110 930
4 4 0 340 120 930
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Table 4.--Most-probable-number (MPN) index and 95-percent confidence
limits for various combinations of positive and negative results
when five 1-, five 0.1-, and five 0.01-milliliter dilutions
are used--Continued

Number of culture tubes indicating

positive reaction out of: MPN 95-percent
index confidence
Five of Five of Five of per limits

1 mL 0.1 mL 0.01 mL 100 mL

each each each Lower Upper
5 0 0 230 70 700
5 0 1 310 110 890
5 0 2 430 150 1,100
5 1 0 330 110 930
5 1 1 460 160 1,200
5 1 2 630 210 1,500
5 2 0 490 170 1,300
5 2 1 700 230 1,700
5 2 2 940 280 2,200
5 3 0 790 250 1,900
5 3 1 1,100 310 2,500
5 3 2 1,400 370 3,400
5 3 3 1,800 440 5,000
3 4 0 1,300 350 3,000
5 4 1 1,700 430 4,900
5 4 2 2,200 570 7,000
5 4 3 2,800 900 8,500
2 4 4 3,500 1,200 10,000
5 5 0 2,400 680 7,500
5 5 1 3,500 1,200 10,000
5 5 2 5,400 1,800 14,000
= 5 3 9,200 3,000 32,000
5 5 4 16,000 6,400 58,000
5 5 5 >24,000 e -
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7.5 Example: The following results were obtained with a five-tube
series:

Volume (milliliters)----- 1075 107 1077 1078 1079
Results==-===--=--=--------- 5/5 5/5 3/5 1/5 0/5.

Using 107, 1077, and 1078 mL sample volumes, the test results indicate a
sequence of 5-3-1 for which the MPN (table 4) is 1,100. Dividing by 107®, the
MPN is computed to be 11x10%8 streptococcal bacteria per 100 mL and 95-percent
confidence limits of 3.1x10® and 25x108 streptococcal bacteria per 100 mL.

8. Reporting of results

Report fecal streptococcal concentration as MPN fecal streptococci per
100 mL as follows: less than 10, whole numbers; 10 or more, two significant
figures.

9. Precision

9.1 Precision of the MPN method increases as the number of culture tubes
is increased. It increases rapidly as the number of tubes increases from 1
to 5, but then it increases at a slower rate making the gain, when using
10 tubes instead of 5, much less than is achieved by increasing the number of
tubes from 1 to 5. Variance as a function of the number of tubes inoculated
from a tenfold dilution series is listed below:

Number of culture tubes Variance for tenfold
at each dilution dilution series
1l == 0.580
I e e L - 385
5 —--mmmmemememceeee- .259
10 ====-mmmmmmmee - .183

9.2 The 95-percent confidence limits for various combinations of
positive and negative results when five 1-, five 0.1-, and five 0.01-mL
dilutions are used are listed in table 4.

10. References cited

American Public Health Association, American Water Works Association, and
Water Pollution Control Federation, 1985, Standard methods for the
examination of water and wastewater (16th ed.): Washington, D.C.,
American Public Health Association, 1,268 p.

Bordner, R. H., Winter, J. A., and Scarpino, Pasquale, eds., 1978,
Microbiological methods for monitoring the environment, water and wastes:
Cincinnati, Ohio, U.S. Environmental Protection Agency, EPA-600/8-78-017,
338 p.
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Nitrifying Bacteria (Most-Probable-Number, MPN, Method)
(B-0420-85)

Parameter and Code:
Nitrifying bacteria (MPN): 31854

Nitrification is the biological oxidation of reduced nitrogen compounds
to nitrite and nitrate. Most commonly, the initial substance is ammonium,
and the final product is nitrate. The process has two distinct steps, each
mediated by a specific group of bacteria. The Nitrosomonas group, which in-
cludes several genera of bacteria, oxidizes ammonium (NH}) only to nitrite
(NO3) as shown:

NHi + 3/2 0, — NOz + 2H" + H,0

The Nitrobacter group of bacteria oxidizes NO3, but not NH} or any other
reduced nitrogen compound, to nitrate (NO3) as shown:

NOz + 1/2 0, — NO3

Hydrogen ions produced by the oxidation of NHi to NO3 may be of some geo-
chemical significance because the excess acid can dissolve minerals and can
serve as the catalyst in exchange reactions on clays. Nitrification is impor-
tant in soils because the process controls the supply of NO3 used by higher
plants. In surface waters, nitrification contributes to oxygen demand.

The organisms, Nitrosomonas and Nitrobacter, are autotrophic bacteria;
they obtain their energy from the inorganic oxidations indicated in the
preceding paragraph and use carbon dioxide as a source of cellular carbon.
Media used to isolate these bacteria are assumed to be free of organic carbon.
This assumption is valid initially, and only nitrifiers will grow on the
media; however, as these autotrophs grow, they release cell substances to the
media, and heterotrophs may develop.

The medium for isolating Nitrosomonas contains NH;. Appearance of NOz in
the inoculated cultures, but not in the control cultures, presumptively indi-
cates the presence of Nitrosomonas in the sample. A negative test is not suf-
ficient evidence to prove that Nitrosomonas is absent because NOz produced by
Nitrosomonas can be oxidized to NO3 by Nitrobacter. Therefore, a positive
test for either NOz or NO3 in the inoculated cultures indicates the presence
of Nitrosomonas. The medium for isolating Nitrobacter contains NOz; dis-
appearance of NO3 from the inoculated cultures, but not from the control
cultures, presumptively indicates the presence of Nitrobacter.

1. Applications

The method described is similar to that described by Alexander and Clark
(1965) and is applicable to all types of soil and fresh and saline water.
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2. Summary of method

Decimal dilutions of multiple sample aliquots are inoculated into
organic-carbon-free media containing NH} ions for Nitrosomonas isolation or
NO; ions for Nitrobacter isolation. After incubation at 28%*1 °C for 21 days,
the inoculated cultures and control cultures are tested for the presence of
NOz. The most-probable-number (MPN) of each group of nitrifying bacteria is
determined from the distribution of positive and negative tests among the
inoculated tubes.

3. Interferences

No interferences are known for the procedure.
4. Apparatus

All materials used in microbiological testing need to be free of agents
that inhibit bacterial growth. Most of the materials and apparatus listed in

this section are available from scientific supply companies.

4.1 Aluminum seals, one piece, 20 mm.

4.2 Bottles, milk dilution, screwcap.
4.3 Bottles, serum.
4.4 Crimper, for attaching aluminum seals.

4.5 Culture tubes and caps, borosilicate glass culture tubes, 16X125 mm;
tube caps, 16 mm.

4.6 Culture-tube rack, gélvanized, for 16-mm culture tubes.

4.7 Decapper, for removing aluminum seals from spent tubes.
4.8 Glass beads, solid, 3 mm may be necessary for soil samples.

4.9 Hypodermic syringes, sterile, 1-mL capacity, equipped with 26-gauge,
3/8-in. needles.

4.10 Hypodermic syringes, sterile, 10-mL capacity, equipped with
22-gauge, 1- to 1%-in. needles.

4.11 Incubator, for operation at a temperature of 28%1 °C, or water bath
capable of maintaining a temperature of 28%1 °C.

4.12 Pipets, 1-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.13 Pipets, 10-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.14 Pipettor, or pi-pump, for use with 1- and 10-mL pipets.
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4.15 Rubber stoppers, 13X20 mm.

4.16 Sample-collection apparatus. Use an appropriate device for
collecting a representative sample from the environment to be tested,
following guidelines in the '"Collection" subsection of the "Bacteria' section.

4.17 Sterilizer, horizontal steam autoclave, or vertical steam
autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks
preventing removal of 1lid while pressure exists. These features are necessary
in maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Ammonium calcium carbonate medium for MPN of Nitrosomonas. To 1 L
distilled water, add 0.5 g ammonium sulfate [(NH4)5SO4], 1 g potassium phos-
phate dibasic (K;HPO4), 0.03 g ferrous sulfate (FeSO4°7H20), 0.3 g sodium
chloride (NaCl), 0.3 g magnesium sulfate (MgSO4-7H20), and 7.5 g calcium
carbonate (CaCO3z). Place 3 mL of medium in each culture tube; cap and
autoclave at 121° at 1.05 kg/cm? (15 psi) for 15 minutes.

5.2 Buffered dilution water. Dissolve 34 g potassium dihydrogen phos-
phate (KH2PO4) in 500 mL distilled water. Adjust to pH 7.2 using 1 N sodium
hydroxide (NaOH). Dilute to 1 L using distilled water. Sterilize in dilution
bottles at 121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Add 1.25 mL KHyPO4
solution to 1 L distilled water containing 0.1 percent peptone. (Do not store
KH2PO4 solutions for more than 3 months). Dispense in milk dilution or serum
bottles (capped with rubber stoppers and crimped with aluminum seals) in quan-
tities that will provide 99%2 mL after autoclaving at 121 °C at 1.05 kg/cm?
(15 psi) for 20 minutes. Allow enough space between bottles for steam to
circulate during autoclaving. Loosen caps prior to sterilizing and tighten
when bottles have cooled.

5.3 Dilution water for soils. For dilution blanks, place 95 mL dis-
tilled water and approximately three dozen, 3-mm diameter, glass beads in a
milk dilution bottle. For each 95-mL dilution blank, also prepare 5 dilution
blanks of 90 mL distilled water in milk dilution bottles. Omit the glass
beads from the 90-mL dilution blanks. Autoclave at 121 °C at 1.05 kg/cm?

(15 psi) for 20 minutes. Allow enough space between bottles for steam to
circulate during autoclaving. Loosen caps prior to sterilizing and tighten
when bottles have cooled.
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5.4 Distilled or deionized water.

5.5 Ethyl alcohol, 70 percent. Dilute 74 mL of 95-percent ethyl alcohol
to 100 mL using distilled water. Undiluted isopropanol (ordinary rubbing
alcohol) may be used instead of 70-percent ethyl alcohol.

5.6 Nitrite calcium carbonate medium for MPN of Nitrobacter. To 1 L
distilled water, add 0.006 g potassium nitrite (KNOy), 1 g potassium phosphate
dibasic (K2HPO4), 0.3 g sodium chloride (NaCl), 0.1 g magnesium sulfate
(MgS04+7H20), 1 g calcium carbonate (CaCO3), and 0.3 g calcium chloride
(CaCly). Place 3 mL of medium in each culture tube; cap and autoclave at
121 °C at 1.05 kg/cm? (15 psi) for 15 minutes.

5.7 Nitrite-test reagent. Add 200 mL concentrated phosphoric acid
(specific gravity 1.69) and 20 g sulfanilamide to approximately 1.5 L
demineralized water. Dissolve completely (warm if necessary). Add 1 g N-1
naphthylethylenediamine dihydrochloride and dissolve completely. Dilute to
2 L using demineralized water. Store in an amber bottle and refrigerate. The
reagent must be at room temperature when it is used. The reagent is stable
for approximately 1 month.

5.8 Zinc copper manganese dioxide mixture. Mix together 1 g powdered
zinc metal (Zn), 0.1 g powdered copper (Cu), and 1 g powdered manganese
dioxide (MnOj).

6. Analysis

Two questions must be answered when planning a multiple-tube test:
1. What volumes of water need to be tested?
2. How many culture tubes of each volume need to be tested?

Choose a range of volumes so positive and negative results are obtained
throughout the range tested. The method fails if only positive or only
negative results are obtained when all volumes are tested. The number of
culture 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 also are increased. For
general use, the three-tube series is recommended and is described in this
section. Order-of-magnitude estimates can be made using a one-tube series.
The following test volumes are suggested:

1. For water samples, use volumes of 1, 0.1, 0.01, 0.001, and
0.0001 mL.

2. TFor soil samples, use dilutions of 1072 to 107° mL.

It may be advisable to do an order-of-magnitude estimate prior to undertaking
an extensive sampling program.
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6.1 Before starting the analysis, clear an area of the laboratory bench
and swab it using a bit of cotton moistened with 70-percent ethyl alcohol,
undiluted isopropanol, or disinfectant.

6.2 Set out three culture tubes of ammonium calcium carbonate medium and
three tubes of nitrite calcium carbonate medium for each volume to be tested.
For each dilution series, set aside one extra tube of each medium as an un-
inoculated control tube.

6.2.1 If the volume to be tested is 0.1 mL or more, transfer the
measured samples directly to the culture tubes using sterile pipets
(Note 1). Carefully remove caps from sterile tubes to avoid
contamination.

6.2.2 If the volume of the desired sample aliquot is less than
0.1 mL, proceed as in 6.2.1 after preparing appropriate dilutions by
adding the sample to buffered dilution water in a sterile milk dilution
bottle in the following volumes:

Volume of sample added
Dilution to 99-milliliter Size of inoculum
milk dilution bottle

1:100 1 milliliter of 1 milliliter of
original sample 1:100 dilution
1:1,000 = memmmmmmmmmeeeee- 0.1 milliliter of
1:100 dilution
1:10,000 1 milliliter of 1 milliliter of
1:100 dilution 1:10,000 dilution
1:100,000 = —-=mmemeccmeceeeee- 0.1 milliliter of
1:10,000 dilution
1:10% 1 milliliter of 1 milliliter of
1:10,000 dilution 1:10% dilution
1:107 e o 0.1 milliliter of

1:10% dilution

Note 1: Use a sterile pipet or hypodermic syringe for each bottle.
After each transfer, close and shake the bottle vigorously at least
25 times to maintain distribution of the organisms in the sample.
Diluted samples need to be inoculated within 20 minutes after
preparation.

6.2.3 Dilution series of soil samples are prepared as follows:
Transfer 10 g of soil to a dilution blank containing 95 mL water and
glass beads. Cap the bottle and shake vigorously for 1 minute.
Immediately transfer 10 mL from the center of the suspension to a
90-mL dilution blank and shake. Continue transferring 10-mL portions
to 90-mL dilution blanks until the desired dilution is reached.
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6.3 Clearly mark each set of inoculated culture tubes indicating
location, time of collection, sample number, and sample volume. Code each
tube for easy identification.

6.4 Place the inoculated culture tubes and control tubes in a culture-
tube rack and incubate at 28%1 °C for 21 days. Clearly defined results will
occur only if the bacteria consume all the NOz(or convert all NHj to NO3).
For this reason, incubation should always be for 21 days.

6.5 Test for the production of NOz. After incubation, add 0.5 mL of the
nitrite-test reagent to each inoculated culture tube and control tube.
Observe the contents of each tube for the development within 5 minutes of a
reddish color.

CAUTION.--Nitrite-test reagent contains acid and must be handled
carefully.

6.6 Growth of Nitrosomonas usually is evidenced by a brick-red color at
the bottom of a culture tube and a purplish-red coloration in the overlying
liquid. Control tubes and inoculated tubes having no NOz; may turn faintly
pink; thus, it is imperative that uninoculated control tubes be used in color
comparison.

6.7 To all culture tubes of ammonium calcium carbonate medium
(Nitrosomonas) that do not develop a purplish-red color within 5 minutes, add
a small pinch of the zinc copper manganese dioxide mixture. If a reddish
color develops, record the culture tube as positive for Nitrosomonas on the
basis that the initial negative reading for NOz; indicated that the NOj3
produced by Nitrosomonas was oxidized to NO3 by Nitrobacter.

6.8 Record as positive for Nitrobacter all culture tubes of nitrite
calcium carbonate medium that do not develop the characteristic purplish-red
color formed by the reaction of NO; with the nitrite-test reagent.

6.9 A positive result in a control culture tube indicates a contamina-
tion of the medium and results of the test, therefore, are invalid.

6.10 Autoclave all cultures at 121 °C at 1.05 kg/cm? (15 psi) for 15 to
30 minutes before discarding.

7. Calculations

Record the number of positive inoculated culture tubes occurring for all
sample volumes tested. When more than three volumes are tested, use results
from only three of them when computing the MPN. To select the three dilutions
for the MPN index, use as the first, the smallest sample volume in which all
tests are positive (no larger sample volume having any negative results) and
the next two succeeding smaller sample volumes (American Public Health
Association and others, 1985).
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In the examples listed below, the number in the numerator represents
positive culture tubes; the denominator represents the total number of tubes
inoculated.

Decimal dilutions

Example 1 0.1 0.01 0.001 Combination
milliliter milliliter milliliter milliliter of positives

a 3/3 3/3 2/3 0/3 3-2-0

b 0/3 1/3 0/3 0/3 0-1-0

C 3/3 2/3 1/3 1/3 3=2=2

d 3/3 2/3 2/3 0/3 3-2-2

In example b, the three dilutions need to be taken to place the positive
results in the middle dilution. When a positive result occurs in a dilution
larger than the three chosen according to the guideline, as in c, it needs to
be placed in the result for the largest chosen dilution as in d (Note 2).

Note 2: The largest dilution has the smallest concentration of the
sample; the largest dilution in the preceding table is 0.001.

7.3 The MPN for various combinations of positive and negative results
when three 1-, three 0.1-, and three 0.01-mL dilutions are used are listed in
table 5. If a series of decimal dilutions other than 1, 0.1, and 0.01 mL is
used, the MPN value in table 5 needs to be corrected for the dilutions
actually used. To do this, divide the value in table 5 by the dilution factor
of the first number in the three-number sequence (the culture tubes having the
largest concentration of the sample). For example, if dilutions of 0.1, 0.01,
and 0.001 mL are used, divide the value in table 5 by 0.1 mL. MPN tables for
other combinations of sample volumes and numbers of tubes at each level of
inoculation are in American Public Health Association and others (1985).

7.4 If only one culture tube is inoculated at each decimal dilution
level, record the smallest dilution showing a positive response compared to
the largest dilution showing a negative response. Record the results as a
range of numbers, for example 100 to 1,000 nitrifying bacteria per milliliter.
If all tubes are positive, record the result as a number greater than that
indicated by the value of the largest 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 nitrifying bacteria
per milliliter (greater than 10% nitrifying bacteria per 100 mL).
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Table 5.--Most-probable-number (MPN) index and 95-percent confidence
limits for various combinations of positive and negative results
when three 1-, three 0.1-, and three 0.0l1-milliliter dilutions
are used

[mL, milliliters; MPN, most probable number; ---, not applicable; modified
from American Public Health Association and others, 1985]

Number of culture tubes indicating

positive reaction out of: MPN 95-percent
index confidence
Three of Three of Three of per limits
1 mL 0.1 mL 0.01 mL 100 mL
each each each Lower Upper
0 0 0 <30 s e
0 0 1 30 <5 90
0 1 30 <5 130
1 0 0 40 <5 200
1 0 1 70 10 210
1 1 0 70 10 230
1 1 1 110 30 360
1 2 0 110 30 360
2 0 0 90 10 360
2 0 1 140 30 370
2 1 0 150 30 440
2 1 1 200 70 890
2 2 0 210 40 470
2 2 1 280 100 1,500
3 0 0 230 40 1,200
3 0 1 390 70 1,300
3 0 2 640 150 3,800
3 1 0 430 70 2,100
3 L 1 750 140 2,300
3 1 2 1,200 300 3,800
3 2 0 930 150 3,800
3 2 1 1,500 300 4,400
3 2 2 2,100 350 4,700
3 3 0 2,400 360 13,000
3 3 1 4,600 710 24,000
3 3 2 11,000 1,500 48,000
3 3 3 >24,000 i =i
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7.5 Examples of test results and calculations are listed below.
7.5.1 The following results were obtained with a three-tube series:

[-, negative; +, positive]

Volume Culture tube number
(milliliters) 1 2 3 Result
0.1 + + + 3/3
0.01 + + + 3/3
0.001 + + - 2/3
0.0001 0/3

Following the guideline given above and using 0.01-, 0.001-, and
0.0001-mL sample volumes, the test results indicate a sequence of 3-2-0.
From this, an MPN of 930 is indicated (table 5). Dividing by 0.01 mL to
correct for the effect of dilution, the MPN of the sample is 9.3x10%
nitrifying bacteria per 100 mL. The 95-percent confidence limits are
1.5%X10% and 38x10% nitrifying bacteria per 100 mL.

7.5.2 The following results were obtained with a three-tube series:

Volume (milliliters)----- 1075 107% 1077 1078 1079
Resultg=======mmmmomemeun 3/3 3/3 2/3 1/3 0/3.

Using 107%, 1077, and 1078 mL sample volumes, the test results indicate a
sequence of 3-2-1 for which the MPN (table 5) is 1,500. Dividing by
107, the MPN is computed to be 15%x108 nitrifying bacteria per 100 mL

and 95-percent confidence limits of 3.0x108 and 44x10® nitrifying
bacteria per 100 mL.

7.5.3 The following results were obtained with a three-tube series:

Volume (milliliters)----- 1 0.1 0.01 0.001
Results========-=ccoc--- 0/3 1/3 0/3 0/3.

Use the sequence of 0-1-0 for which the MPN is 30 and 95-percent
confidence limits of <5 and 130 (table 5).

7.6 The various combinations listed in table 5 represent those most
likely to be obtained. Other combinations are statistically unlikely. If
unlikely combinations are obtained, it is probable either that the multiple-
tube technique is inapplicable or that errors of manipulation have occurred.

8. Reporting of results
Report concentration of nitrifying bacteria as MPN Nitrosomonas and MPN
Nitrobacter per 100 mL for water samples or as MPN per 100 g for soil samples

as follows: less than 10, whole numbers; 10 or more, two significant figures.
Indicate the method of expressing unit weight (wet or dry) of soil samples.
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9. Precision

9.1 Precision of the MPN method increases as the number of culture tubes
is increased. It increases rapidly as the number of tubes increases from 1
to 5, but then it increases at a slower rate making the gain, when using
10 tubes instead of 5, much less than is achieved by increasing the number of
tubes from 1 to 5. Variance as a function of the number of tubes inoculated
from a tenfold dilution series is listed below:

Number of culture tubes Variance for tenfold
at each dilution dilution series
l] ——==—rmmmmmc e - 0.580
J e s s e —— 335
5 e e 259
10 === e s 183

9.2 The 95-percent confidence limits for various combinations of
positive and negative results when three 1-, three 0.1-, and three 0.01-mL
dilutions are used are listed in table 5.

10. References cited

Alexander, Martin, and Clark, F. E., 1965, Nitrifying bacteria, in Black, C.
A., ed., Methods of soil analysis: Madison, Wis., American Society of
Agronomy, Part 2, p. 1477-1483.

American Public Health Association, American Water Works Association, and
Water Pollution Control Federation, 1985, Standard methods for the
examination of water and wastewater (16th ed.): Washington, D.C.,
American Public Health Association, 1,268 p.
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Denitrifying and Nitrate-Reducing Bacteria
(Most-Probable-Number, MPN, Method)
(B-0430-85)

Parameter and Code:
Denitrifying bacteria (MPN): 31856

Some bacteria reduce the nitrogen (N) atom of nitrate (NO3). This occurs
by a sequence of reactions that may stop at the level of nitrite (NO3) or
proceed to completion with the production of gaseous N compounds. The
following pathway indicates the steps involved:

NOg = NO3 —> NO + N,0 > No
nitrate nitrite nitric nitrous nitrogen
oxide oxide gas

The bacteria that cause these reactions can be referred to collectively as
nitrate-reducers or nitrate-respirers. Organisms that do only the first step
produce NO2 and sometimes are called nitrite-accumulators. They also are
commonly referred to by the more general terms nitrate-reducers or nitrate-
respirers. The term denitrifiers is more specific and is used for those
bacteria that remove N from the system by producing gaseous end products.

Regardless of the final product, the bacteria involved are using the N
atom as a sink for the electrons generated during the oxidation of their
energy source. Because these denitrifying bacteria also use oxygen as a
terminal electron acceptor (aerobic respiration) and will do so as long as
oxygen is available, NO3 and other oxidized N forms will not be reduced until
oxygen has been depleted. Essentially, the bacteria continue respiration even
though NO3 or NO; has replaced oxygen in their metabolism.

A large and diverse group of bacteria causes NO3 reduction and denitrifi-
cation. Typically, the number of nitrite-accumulators in an environment is
greater than the number of denitrifiers. Species in the following genera are
believed to be most significant in denitrification in soil: Pseudomonas,
Alcaligenes, and Flavobacterium (Gamble and others, 1977). Bacillus and
Paracoccus species may be significant in some environments.

Because of the diversity of the group of organisms responsible for NO3
reduction and denitrification, the environmental conditions necessary for the
processes to occur are not too restrictive. Ranges reported for pH (5-9) and
temperature (15-65 °C) are quite broad (Focht and Verstraete, 1977). Various
types of soil, sediment, fresh and saline water, and sewage-treatment systems
support NO3 reduction and denitrification. There are two environmental
factors that have an important effect on NO3 reduction: A suitable energy
source (usually a carbon-containing compound) must be available, and oxygen
must be absent because it will be used in preference to NO3z by denitrifying
and nitrate-respiring bacteria. However, denitrification can take place in
apparently well-aerated systems due to the existence of anaerobic microsites.
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1. Applications

The method is for the determination of the most probable number (MPN) of
nitrate-reducing and denitrifying bacteria. The method is applicable to all
types of soil and fresh water.

2. Summary of method

2.1 Samples of soil or water and decimal dilutions thereof are inocu-
lated into nutrient broth containing 0.1 percent potassium nitrate (KNO3) .
The cultures are incubated at 28%1 °C for 14 days and scored for gas pro-
duction, production of NOz, and loss of NO3. The MPN of denitrifiers in
the sample is determined by the distribution of culture tubes indicating gas
production and loss of NO3. Nitrate-reducers (nitrite-accumulators) in the
sample may be isolated by the distribution of tubes containing NOj3.

2.2 The method is similar to that of Focht and Joseph (1973) and depends
on trapping the gas produced and detecting any NO; or NO3 remaining in the
culture tube.

3. Interferences

Large concentrations of heavy metals or toxic chemicals in the soil or
water sample to be tested may interfere.

4. Apparatus
All materials used in microbiological testing need to be free of agents
that inhibit bacterial growth. Most of the materials and apparatus listed in

this section are available from scientific supply companies.

4.1 Aluminum seals, one piece, 20 mm.

4.2 Bottles, milk dilution, screwcap.

4.3 Bottles, serum.

4.4 Crimper, for attaching aluminum seals.

4.5 Culture tubes and caps, borosilicate glass, screwcap culture tubes,
16X125 mm. Larger screwcap tubes may be used if larger volumes of water are

analyzed. Screwcap tubes will slow diffusion of oxygen from the atmosphere
and promote anaerobic conditions.

4.6 Culture-tube rack, use any rack appropriate for culture tubes being
used.

4.7 Decapper, for removing aluminum seals from spent tubes.

4.8 Durham (fermentation) tubes. The durham tube, used to detect gas
production, must be completely filled with medium and at least partly sub-
merged in the culture tube. For 16X125-mm culture tubes, use 6X50-mm durham
tubes.
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4.9 Glass beads, solid, 3 mm, may be necessary for soil samples.

4.10 Hypodermic syringes, sterile, 1-mL capacity, equipped with
26-gauge, 3/8-in. needles.

4.11 Hypodermic syringes, sterile, 10-mL capacity, equipped with
22-gauge, 1- to 1%-in. needles.

4.12 Incubator, for operation at a temperature of 28*1 °C or water bath
capable of maintaining a temperature of 28+1 °C.

4.13 Pipets, 1-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.14 Pipets, 10-mL capacity, sterile, disposable, glass or plastic,
having cotton plugs.

4.15 Pipettor, or pi-pump, for use with 1- and 10-mL pipets.

4.16 Rubber stoppers, 13X20 mm.

4.17 Sample-collection apparatus. Use an appropriate device for col-
lecting a representative sample from the environment to be tested, following
guidelines in the "Collection'" subsection of the "Bacteria' section.

4.18 Sterilizer, horizontal steam autoclave, or vertical steam
autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks
preventing removal of lid while pressure exists. These features are necessary
in maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Buffered dilution water. Dissolve 34 g potassium dihydrogen phos-
phate (KH2PO4) in 500 mL distilled water. Adjust to pH 7.2 using 1 N sodium
hydroxide (NaOH). Dilute to 1 L using distilled water. Sterilize in dilution
bottles at 121 °C at 1.05 kg/cm? (15 psi) for 20 minutes. Add 1.25 mL KHyPO4
solution to 1 L distilled water containing 0.1 percent peptone. (Do not store
KH,PO4 solutions for more than 3 months). Dispense in milk dilution or serum
bottles (capped with rubber stoppers and crimped with aluminum seals) in
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quantities that will provide 99%2 mL after autoclaving at 121 °C at 1.05
kg/cm? (15 psi) for 20 minutes. Allow enough space between bottles for steam
to circulate during autoclaving. Loosen caps prior to sterilizing and tighten
when bottles have cooled.

5.2 Dilution water for soil. For dilution blanks, place 95 mL distilled
water and approximately three dozen, 3-mm diameter, glass beads in a milk
dilution bottle. For each 95-mL dilution blank, also prepare 5 dilution
blanks of 90 mL distilled water in milk dilution bottles. Omit the glass
beads from the 90-mL dilution blanks. Autoclave at 121 °C at 1.05 kg/cm?

(15 psi) for 20 minutes. Allow enough space between bottles for steam to
circulate during autoclaving. Loosen caps prior to sterilizing and tighten
when bottles have cooled.

5.3 Distilled or deionized water.

5.4 Ethyl alcohol, 70 percent. Dilute 74 mL 95-percent ethyl alcohol
to 100 mL using distilled water. Undiluted isopropanol (ordinary rubbing
alcohol) may be used instead of 70-percent ethyl alcohol.

5.5 Nitrate broth. Use nitrate broth or nutrient broth, plus
0.1 percent KNO3. Prepare according to directions on bottle label. Place 9
mL medium in a 16X125-mm culture tube for each 1-mL or smaller aliquot of
sample to be tested. In each culture tube, place an inverted (mouth downward)
durham tube (fig. 3). Place caps on culture tubes. Sterilize tubes in
upright position at 121 °C at 1.05 kg/cm? (15 psi) for 15 minutes as soon as
possible after dispensing medium. Loosen screwcaps prior to sterilizing and
tighten when tubes have cooled. Air will be expelled from the inverted durham
tubes during heating; each will fill completely with medium during cooling.
Discard any culture tube in which air bubbles are visible in the durham tube.

5.6 Nitrite-test reagent. Add 200 mL concentrated phosphoric acid
(specific gravity 1.69) and 20 g sulfanilamide to approximately 1.5 L
demineralized water. Dissolve completely (warm if necessary). Add 1 g N-1
naphthylethylenediamine dihydrochloride and dissolve completely. Dilute to
2 L using demineralized water. Store in an amber bottle and refrigerate. The
reagent must be at room temperature when it is used. The reagent is stable
for approximately 1 month.

5.7 Zinc copper manganese dioxide mixture. Mix together 1 g powdered
zinc metal (Zn), 1 g powdered manganese dioxide (MnOz), and 0.1 g powdered
copper (Cu).

6. Analysis
Two questions must be answered when planning a multiple-tube test:
1. What volumes of water need to be tested?

2. How many culture tubes of each volume need to be tested?
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Choose a range of volumes so positive and negative results are obtained
throughout the range tested. The method fails if only positive or only
negative results are obtained when all volumes are tested. The number of
culture 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 also are increased. For
general use, the three-tube series is recommended and is described in this
section. Order-of-magnitude estimates can be made using a one-tube series.
Increased precision can be obtained using a five-tube series. The following
test volumes are suggested:

1. For water samples, use volumes of 1, 0.1, 0.01, 0.001, and 0.0001 mL.

2. Foresewage or heavily polluted water samples, use volumes of 1072 to
107° mL.

3. For soil samples, use dilutions of 1072 to 107 mL.

It may be advisable to do an order-of-magnitude estimate prior to undertaking
an extensive sampling program.

6.1 Before starting the analysis, clear an area of the laboratory bench
and swab it using a bit of cotton moistened with 70-percent ethyl alcohol,
undiluted isopropanol, or disinfectant.

6.2 Set out three culture tubes of nitrate broth for each volume to be
tested. For each dilution series, set aside one extra tube of medium as an
uninoculated control tube.

6.2.1 If the volume to be tested is 0.1 mL or more, transfer the
measured samples directly to the culture tubes using sterile pipets
(Note 1). Carefully remove caps from sterile tubes to avoid
contamination.

6.2.2 If the volume of the desired sample aliquot is less than
0.1 mL, proceed as in 6.2.1 after preparing appropriate dilutions by
adding the sample to buffered dilution water in a sterile milk dilution
bottle in the following volumes:

Volume of sample added
Dilution to 99-milliliter Size of inoculum
milk dilution bottle

1: 10 0 eeseeesessemmeie 0.1 milliliter of
original sample
1:100 1 milliliter of 1 milliliter of
original sample 1:100 dilution
1:1,000 00 sesecscsecceocmsas 0.1 milliliter of
1:100 dilution
1:10,000 1 milliliter of 1 milliliter of
1:100 dilution 1:10,000 dilution
1:100,000 = mmmmmemmmmm—meee- 0.1 milliliter of

1:10,000 dilution
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Note 1: Use a sterile pipet or hypodermic syringe for each bottle.
After each transfer, close and shake the bottle vigorously at least
25 times to maintain distribution of the organisms in the sample.
Diluted samples need to be inoculated within 20 minutes after
preparation.

6.2.3 Dilution series of soil samples are prepared as follows:
Transfer 10 g of soil to a dilution blank containing 95 mL water and
glass beads. This is a 1:10 dilution. Cap the bottle and shake
vigorously for 1 minute. Immediately transfer 10 mL from the center of
the suspension to a 90-mL dilution blank and shake. This is a 1:100
dilution. Continue transferring 10-mL portions to 90-mL dilution blanks
until the desired dilution is reached.

6.3 Clearly mark each set of inoculated culture tubes indicating
location, time of collection, sample number, and sample volume. Code each
tube for easy identification.

6.4 Place the inoculated culture tubes and control tubes in a culture-
tube rack and incubate tubes at 28*1 °C for 14 days.

6.5 Examine the culture tubes after 14 days. Each tube will be examined
for three characteristics in the following order: gas formation, production
of NOz, and removal of NO3. A flow diagram of the test procedure for each
culture is shown in figure 7.

6.5.1 Gas production is determined by examining the durham tube
for gas bubbles (fig. 4). Any bubble is presumptive evidence for
denitrification; however, a check for removal of NO3 is advised.

6.5.2 Test for the production of NO;. Add 0.5 mL nitrite-test
reagent to each inoculated culture tube and control tube. Tubes that
show a red color are positive for NO3.

CAUTION.--Nitrite-test reagent contains acid and must be handled
carefully.

6.5.3 Test for the presence of NO3. To all culture tubes that
remain colorless or have only a light pink color, add about 50 mg zinc
copper manganese dioxide mixture. This mixture of metals reduces any
NO3 remaining in the tube to NOz. The NOz reacts with the nitrite-test
reagent already in the tube to give a deep red color. If the red color
develops within 5 minutes, record the tube as positive for NO3.
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STEP I1:
GAS PRODUCTION Visual examination of durham
tube for gas bubble.
1
|

Positive Negative
- indicates presumptive - indicates no
denitrification. denitrification,
- proceed to STEP II. possible nitrate
reduction.

1

|

| - proceed to STEP II.
[} ]

I

|

STEP II: i
TEST FOR NITRITE Add nitrite-test reagent.
1
| N |
Deep red color Light pink Colorless
- nitrite present. - some nitrite - no nitrite present.
- positive for present. - proceed to
nitrate reduction - proceed to STEP III.
and nitrite STEP III. i
accumulation. i |
i i
i
STEP III: i
TEST FOR NITRATE Add zinc copper manganese dioxide
(Zn Cu MnOy) mixture.
[}
: | :
Deep red color Colorless or light
- nitrate present. pink
- denitrification or - denitrification or
nitrate reduction nitrate reduction
incomplete. has proceeded to

completion.

Figure 7.--Flow diagram showing the test procedure for each culture of
denitrifying or nitrate-reducing bacteria.
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6.5.4 Examples of possible results for any given culture tube and
interpretation:

[-, negative; +, positive]

Sample Gas Nitrite Nitrate
A - - +
B +7 - =
C - + not tested
D - + +
E + + -
F + - +
G = - -

Sample A: Negative for denitrification.
Negative for nitrate reduction.

Sample B: Positive for denitrification.

Sample C: Negative for denitrification.
Positive for nitrate reduction.

Sample D: Negative for denitrification.
Positive for nitrate reduction.

Sample E: Positive for denitrification.
Positive for nitrate reduction.

Sample F: Inconclusive.

Sample G: NOz has been removed, although there is no accumulation
of NOz and no apparent gas production. It is possible
that nitrous oxide (N20), which is soluble in water, has
been produced. It also is possible that the NO3 has been
reduced to some other unknown compound.

6.6 Autoclave all cultures at 121 °C at 1.05 kg/cm? (15 psi) for 15 to
30 minutes before discarding.

7. Calculation

7.1 Record the number of positive inoculated culture tubes occurring for
all sample volumes tested. When more than three volumes are tested, use
results from only three of them when computing the MPN. To select the three
dilutions for the MPN index, use as the first, the smallest sample volume in
which all tests are positive (no larger sample volume having any negative
results) and the next two succeeding smaller sample volumes (American Public
Health Association and others, 1985).
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7.2 In the examples listed below, the number in the numerator represents
positive culture tubes; the denominator represents the total number of tubes
inoculated.

Decimal dilutions
Example 1 0.1 0.01 0.001
milliliter milliliter milliliter milliliter

Combination
of positives

a 3/3 3/3 2/3 0/3 3=2-0
b 0/3 1/3 0/3 0/3 0-1-0
c 3/3 2/3 143 1/3 3-2-2
d 3/3 2/3 2/3 0/3 3=2-2

In example b, the three dilutions need to be taken to place the positive
results in the middle dilution. When a positive result occurs in a dilution
larger than the three chosen according to the guideline, as in c, it needs to
be placed in the result for the largest chosen dilution as in d (Note 2).

Note 2: The largest dilution has the smallest concentration of the
sample; the largest dilution in the preceding table is 0.001.

7.3 The MPN for various combinations of positive and negative results
when three 1-, three 0.1-, and three 0.01-mL dilutions are used are listed in
table 6. If a series of decimal dilutions other than 1, 0.1, and 0.01 mL is
used, the MPN value in table 6 needs to be corrected for the dilutions
actually used. To do this, divide the value in table 6 by the dilution factor
of the first number in the three-number sequence (the culture tubes having the
largest concentration of the sample). For example, if dilutions of 0.1, 0.01,
and 0.001 mL are used, divide the value in table 6 by 0.1 mL. MPN tables for
other combinations of sample volumes and numbers of tubes at each level of
inoculation are in American Public Health Association and others (1985).

7.4 If only one culture tube is inoculated at each decimal dilution
level, record the smallest dilution indicating a positive response compared
to the largest dilution indicating a negative response. Record the results
as a range of numbers, for example 100 to 1,000 denitrifying bacteria per
milliliter. If all tubes are positive, record the result as a number greater
than that indicated by the value of the largest 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 denitrifying
bacteria per milliliter.
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Table 6.--Most-probable-number (MPN) index and 95-percent confidence

limits for various combinations of positive and negative results
when three 1-, three 0.1-, and three 0.01-milliliter dilutions
are used

[mL, milliliters; MPN, most probable number; ---, not applicable; modified
from American Public Health Association and others, 1985]

Number of culture tubes indicating

positive reaction out of: MPN 95-percent
index confidence
Three of Three of Three of per limits
1 mL 0.1 mL 0.01 mL 1 mL
each each each Lower Upper
0 0 0 <0.3 o i
0 0 il 3 <0.05 0.9
0 1 0 3 < .05 1.3
1 0 0 .4 <. 05 2.0
1 0 L .7 il 2.1
1 1 0 sl «1 2.3
1 1 1 1.1 +3 3.6
1 2 0 Ll D 3.6
2 0 0 .9 .1 3.6
2 0 1 1.4 3 3.7
2 1 0 1:5 .3 4.4
2 1 1 2.0 o 8.9
2 2 0 2.1 A 4.7
2 2 1 2.8 1.0 15.0
3 0 0 2:3 .4 12.0
3 0 1 3.9 oF 13.0
3 0 2 6.4 1.5 38.0
3 1 0 4.3 P 21.0
3 1 1 7:5 1.4 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 44.0
3 2 2 21.0 35 47.0
3 3 0 24.0 3.6 130.0
3 3 1 46.0 11 240.0
3 3 2 110.0 15.0 480.0
3 3 3 >240.0 = s
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7.5 Examples of test results and calculations are listed below.
7.5.1 The following results were obtained with a three-tube series

[-, negative; +, positive]

Volume Culture tube number
(milliliters) 1 2 3 Result
0.1 - + + 3/3
0.01 + + + 3/3
0.001 + - - 2/3
0.0001 - - - 0/3

Following the guideline in 7.3 and using 0.01-, 0.001-, and 0.0001-ml
sample volumes, a sequence of 3-2-0 is indicated. From this, an MPN
of 9.3 is indicated (table 6). Dividing by 0.01 mL to correct for the
effect of dilution, the MPN of the sample is 930 denitrifying bacteria
per milliliter. The 95-percent confidence limits are 150 and 3,800.

7.5.2 The following results were obtained with a three-tube series:

Volume (milliliters)----- 1075 107 1077 1078 107°
Results-========-cceeceuc-- 3/3 3/3 2/3 1/3 0/3.

Using 107, 1077, and 1078 mL sample volumes, the test results indicate a
sequence of 3-2-1 for which the MPN (table 6) is 15.0. Dividing by 10'6,
the MPN is computed to be 15X10® denitrifying bacteria per milliliter and
95-percent confidence limits of 3.0x10® and 44x10® denitrifying bacteria

per milliliter.

7.5.3 The following results were obtained with a three-tube series:

Volume (milliliters)------- 1 0.1 0.01 0.001
Regn] =i amemcmn s - 0/3 1/3 0/3 0/3.

Use the sequence of 0-1-0 for which the MPN is 0.3 and 95-percent
confidence limits of <0.05 and 1.3.

7.6 The various combinations listed in table 6 represent those most
likely to be obtained. Other combinations are statistically unlikely. If
unlikely combinations are obtained, it is probable either that the multiple-
tube technique is inapplicable or that errors of manipulation have occurred.

8. Reporting of results

Report the concentration of denitrifying or nitrate-reducing bacteria, or
both, as MPN per milliliter for water samples or as MPN per gram for soil
samples as follows: less than 10, whole numbers; 10 or more, two significant
figures. Indicate the method of expressing unit weight (wet or dry) of soil
samples.
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9. Precision

9.1 Precision of the MPN method increases as the number of culture tubes
is increased. It increases rapidly as the number of tubes increases from 1
to 5, but then it increases at a slower rate making the gain, when using
10 tubes instead of 5, much less than is achieved by increasing the number of
tubes from 1 to 5. Variance as a function of the number of tubes inoculated
from a tenfold dilution series is listed below:

Number of culture tubes Variance for tenfold
at each dilution dilution series
] =~ 0.580
3 - - 335
R e el LD L .259
10 =====mmmm e .183

9.2 The 95-percent confidence limits for various combinations of
positive and negative results when three 1-, three 0.1-, and three 0.01-mL
dilutions are used are listed in table 6.
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Sulfate-Reducing Bacteria (Most-Probable-Number, MPN, Method)
(B-0400-85)

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

Sulfate-reducing bacteria commonly are found in environments where re-
ducing conditions prevail, such as ground water, the hypolimnion of stratified
lakes, saturated soil, and mud from lake bottoms and stream bottoms. The
geochemical implications of sulfate-reducing bacteria have been discussed by
Kuznetsov and others (1963). Although many species of bacteria reduce sulfate
during the synthesis of sulfur-containing amino acids, four genera of obligate
anaerobic bacteria use sulfate reduction as a major energy-yielding reaction
and produce large quantities of hydrogen sulfide. These are Desulfovibrio,
Desulfotomaculum, Desulfomonas, and Desulfobulbus.

1. Applications

The method described in this section is similar to the sulfate-reducing
bacteria test given in the American Petroleum Institute (1965). The method
is applicable for all water, including brine with large salt concentrations.

2. Summary of method

2.1 Samples are collected and handled using techniques that minimize
exposure to oxygen. The samples are incubated at 18 to 25 °C for 28 days,
and results are recorded. The most probable number (MPN) of organisms in
the sample is determined from the positive and negative responses among a
number of inoculated serum bottles of suitable culture medium.

2.2 The sulfate-reducing bacteria are 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 sul-
fide produced by the bacteria reacts with ferrous iron to produce an inky
blackening of the culture medium. Blackening of the culture medium is a
positive response and indicates the presence of sulfate-reducing bacteria.

3. Interferences

3.1 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 blackening.

3.2 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 traces of oxygen will render the medium unsuitable.

4. Apparatus
All materials used in microbiological testing need to be free of agents

that inhibit bacterial growth. Most of the materials and apparatus listed in
this section are available from scientific supply companies.

127




4.1 Cotton balls.

4.2 Decapper, for removing aluminum seals from spent serum bottles.

4.3 Hypodermic syringes, sterile, 1-mL capacity, equipped with 26-gauge,
3/8-in. needles.

4.4 Hypodermic syringes, sterile, 10-mL capacity, equipped with
22-gauge, 1- to 1%-in. needles.

4.5 Rubber stoppers, 13%X20 mm.

4.6 Sample-collection apparatus. Use an appropriate device for col-
lecting a representative sample from the environment to be tested, following
guidelines given in the "Collection" subsection of the '"Bacteria" section.

4.7 Sterilizer, horizontal steam autoclave, or vertical steam autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks
preventing removal of lid while pressure exists. These features are necessary
in maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Distilled or deionized water.

5.2 Ethyl alcohol, 70 percent. Dilute 74 mL 95-percent ethyl alcohol
to 100 mL using distilled water. Undiluted isopropanol (ordinary rubbing
alcohol) may be used instead of 70-percent ethyl alcohol.

5.3 Sulfate API broth. Ready-to-use presterilized medium packed in
10-mL serum bottles.

6. Analysis

Two questions must be answered when planning a multiple serum-bottle
test:

1. What volumes of water need to be tested?

2. How many serum bottles of each volume need to be tested?
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Choose a range of volumes so positive and negative results are obtained
throughout the range tested. The method fails if only positive or only
negative results are obtained when all volumes are tested. The number of
serum bottles used per sample volume depends on the precision required. The
greater the number of bottles inoculated with each volume, the greater the
precision, but the effort involved and expense also are increased. For
general use, the three serum-bottle series is recommended and is described in
this section. Order-of-magnitude estimates can be made using a one serum-
bottle series. Increased precision can be obtained using a five serum-bottle
series. The following test volumes are suggested: For water samples, use
volumes of 1, 0.1, 0.01, 0.001, and 0.0001 mL. It may be advisable to do an
order-of-magnitude estimate prior to undertaking an extensive sampling
program.

6.1 Remove the inserts from the metal caps of the serum bottles and
swab the exposed area of the rubber septa using a bit of cotton saturated
with 70-percent ethyl alcohol, undiluted isopropanol, or disinfectant.

6.2 Using a sterile syringe, withdraw 1 mL of sample.

6.3 Invert a serum bottle so the rubber septum is at the bottom. In-
oculate the medium by carefully puncturing the septum with the sterile hypo-
dermic syringe and insert the needle until only the beveled tip is inside the
bottle. Discharge the contents of the syringe into the bottle and withdraw
the needle. Agitate the bottle vigorously.

6.4 Using a new sterile syringe, withdraw 1 mL from the previously in-
oculated serum bottle and then inoculate a fresh bottle as in 6.3.

6.5 To conserve time and reagents, a scheme such as given in the
following example is recommended. Suppose it is desired to test 0.1, 0.01,
and 0.001 mL of a given water sample:

6.5.1 Set out 10 serum bottles of culture medium.
6.5.2 Prepare them as in 6.1.

6.5.3 Withdraw 1 mL of sample as in 6.2 and inoculate one serum
bottle of medium as in 6.3.

6.5.4 Using the dilution prepared in 6.5.3, inoculate three fresh
serum bottles of culture medium as in 6.4 to prepare the 0.1-mL dilu-
tions.

6.5.5 Using one of the dilutions prepared in 6.5.4, inoculate three
fresh serum bottles of culture medium as in 6.4 to prepare the 0.01-mL
dilutions.

6.5.6 Using one of the dilutions prepared in 6.5.5, inoculate three
fresh serum bottles of culture medium as in 6.4 to prepare the 0.001-mL
dilutions.
Similar schemes can be established for other combinations using any number of

bottles per dilution level.
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6.6 Clearly mark each set of inoculated serum bottles indicating loca-
tion, time of collection, sample number, and sample volume. Code each bottle
for easy identification.

6.7 Incubate serum bottles at room temperature (18 to 25 °C) for
28 days. Do not consider serum bottles that turn black within 2 hours as
positive because this probably is due to the presence of sulfide ion in the
sample. Subcultures of these false positives may be made after 1 week
following the guidelines in 6.1 through 6.3.

6.8 Examine the serum bottles after 28 days. Record as positive all
bottles that have substantial quantities of black precipitate. When shaken,
the bottles should assume an inky black appearance. Record as negative all
bottles in which the medium is turbid but only slightly grayish.

6.9 Autoclave all cultures at 121 °C at 1.05 kg/cm? (15 psi) for 15 to
30 minutes before discarding.

7. Calculations

7.1 Record the number of positive inoculated serum bottles occurring for
all sample volumes tested. When more than three volumes are tested, use
results from only three of them when computing the MPN. To select the three
dilutions for the MPN index, use as the first, the smallest sample volume in
which all tests are positive (no larger sample volume having any negative
results) and the next two succeeding smaller sample volumes (American Public
Health Association and others, 1985).

7.2 In the examples listed below, the number in the numerator represents
positive serum bottles; the denominator represents the total number of bottles
inoculated.

Decimal dilutions

Example 1 0.1 0.01 0.001 Combination
milliliter milliliter milliliter milliliter of positives

a 3/3 3/3 2/3 0/3 3-2-0

b 0/3 1/3 0/3 0/3 0-1-0

c 3/3 2/3 1/3 1/3 J=2-2

d 3/3 2/3 2/3 0/3 3=2~2

In example b, the three dilutions need to be taken to place the positive
results in the middle dilution. When a positive result occurs in a dilution
larger than the three chosen according to the guideline, as in c, it needs to
be placed in the result for the largest chosen dilution as in d (Note 1).

Note 1: The largest dilution has the smallest concentration of the
sample; the largest dilution in the preceding table is 0.001.

The MPN for various combinations of positive and negative results when

three and five 1-, 0.1-, and 0.01-mL dilutions are used are listed in tables 7
and 8.
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Table 7.--Most-probable-number (MPN) index and 95-percent confidence
limits for various combinations of positive and negative results
when three 1-, three 0.1-, and three 0.0l-milliliter dilutions
are used

[mL, milliliters; MPN, most probable number; ---, not applicable; modified
from American Public Health Association and others, 1985]

Number of serum bottles indicating

positive reaction out of: MPN 95-percent
index confidence
Three of Three of Three of per limits
1 mL 0.1 mL 0.01 mL 1 mL
each each each Lower Upper
0 0 0 <0.3 --- i
0 0 1 «3 <0.05 0.9
1 .3 <.05 1.3
1 0 0 .4 <.05 2.0
i} 0 1 07 .1 2.1
1 1 0 7 | 2.3
1 1 1 1.1 w3 3.6
1 2 0 il -3 3.6
2 0 0 .9 o1 3.6
2 0 1 1.4 «3 3.7
2 1 0 1.5 3 4.4
2 1 1 2.0 -7 8.9
2 2 0 2.1 b 4.7
2 2 1 2.8 1.0 15.0
3 0 0 2.3 4 12.0
3 0 1 3.9 7 13.0
3 0 2 6.4 1.5 38.0
3 1 0 4.3 .7 21.0
3 1 1 7.5 1.4 23.0
3 1 2 12.0 3.0 38.0
3 2 0 9.3 1:S 38.0
3 2 1 15.0 3.0 44.0
3 2 2 21.0 3.5 47.0
3 3 0 24.0 3.6 130.0
3 3 1 46.0 71 240.0
3 3 2 110.0 15.0 480.0
3 3 3 >240.0 =i e
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Table 8.--Most-probable-number (MPN) index and 95-percent confidence

limits for various combinations of positive and negative results
when five 1-, five 0.1-, and five 0.0l1-milliliter dilutiomns
are used

[mL, milliliters; MPN, most probable number; ---, not applicable; modified
from American Public Health Association and others, 1985]

Number of serum bottles indicating

positive reaction out of: MPN 95-percent
index confidence
Five of Five of Five of per limits

1 mL 0.1 mL 0.01 mL 1 mL
each each each Lower Upper
0 0 0 <0.2 S it
0 0 1 2 <0.05 0.7
0 1 0 2 £ .05 7
0 2 0 4 <.05 1.1
1 0 0 2 .05 il
1 0 1 4 <.05 1.1
1 1 0 4 <05 1.1
1 1 1 6 <.05 135
1 2 0 6 <.05 1.5
2 0 0 %) € .05 1.3
2 0 1 7 o | s
2 1 0 Y =1 1.7
2 1 1 .9 .2 2.1
2 2 0 .9 2 2.1
2 3 0 1.2 3 2.8
3 0 0 8 =1 1:9
3 0 1 1.1 ) 2.9
3 1 0 i [ | .2 2.5
3 1 1 1.4 b 3.4
3 2 0 1.4 b 3.4
3 2 1 1.7 . 4.6
4 0 0 1.3 3 3.1
4 0 1 1.7 5 4.6
4 1 0 1.7 5 4.6
4 1 1 2.1 7 6.3
4 1 2 2.6 9 7+8
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Table 8.--Most-probable-number (MPN) index and 95-percent confidence
limits for various combinations of positive and negative results
when five 1-, five 0.1-, and five 0.0l1-milliliter dilutions
are used--Continued

Number of serum bottles indicating

positive reaction out of: MPN 95-percent
index confidence
Five of Five of Five of per limits

1 mL 0.1 mL 0.01 mL 1 mL

each each each Lower Upper
4 2 0 2.2 0.7 6.7
4 2, 1 2.6 9 7.8
4 3 0 2 d +9 8.0
4 3 1 F:3 lal 9.3
4 4 0 3.4 1.2 9.3
5 0 0 2.3 o 7.0
5 0 1 Bl 1.1 8.9
5 0 2 4.3 1.5 11.0
5 1 0 3.3 1.1 9.3
5 1 1 4.6 1.6 12.0
5 1 2 6.3 2.1 15.0
5} 2 0 4.9 L 13.0
5 2 1 7.0 2.3 17.0
5 2 2 9.4 2.8 22.0
5 3 0 7.9 2.5 190
5 3 1 11.0 3.1 25.0
5 3 2 14.0 3.7 34.0
5 3 3 18.0 4.4 500
5 4 0 13.0 3.5 30.0
5 4 1 17.0 4.3 49.0
5 4 2 22.0 5u 70.0
5 4 3 28.0 9.0 85.0
5 4 4 35.0 12.0 100.0
5 5 0 24.0 6.8 75.0
5 5 1 35.0 12.0 100.0
5 5 2 54.0 18.0 140.0
5 5 3 92.0 30.0 320.0
5 3 4 160.0 64.0 580.0
3 5 5 >240.0 = Sty
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If a series of decimal dilutions other than 1, 0.1, and 0.01 mL is used,
the MPN values in tables 7 and 8 need to be corrected for the dilutions
actually used. To do this, divide the values in tables 7 and 8 by the
dilution factor of the first number in the three-number sequence (the serum
bottles having the largest concentration of the sample). For example, if
dilutions of 0.1, 0.01, and 0.001 mL are used, divide the values in tables 7
and 8 by 0.1 mL. MPN tables for other combinations of sample volumes and
number of serum bottles or culture tubes at each level of inoculation are in
American Public Health Association and others (1985).

7.5 If only one serum bottle is inoculated at each decimal dilution
level, record the smallest dilution showing a positive response compared to
the largest dilution showing a negative response. Record the results as a
range of numbers, for example 100 to 1,000 sulfate-reducing bacteria per
milliliter. If all bottles are positive, record the result as a number
greater than that indicated by the value of the largest 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 milliliter.

7.6 Examples of test results and calculations are listed below.

7.6.1 The following results were obtained with a three serum-
bottle series:

[-, negative; +, positive]

Volume Serum bottle number
(milliliters) 1 2 3 Result
0.1 + + + 3/3
0.01 + + + 3/3
0.001 + + - 2/3
0.0001 - - - 0/3

Following the guideline in 7.3 and using 0.01-, 0.001-, and 0.0001-mL
sample volumes, a sequence of 3-2-0 is indicated. From this, an MPN of
9.3 is indicated (table 7). Dividing by 0.01 mL to correct for the
effect of dilution, the MPN of the sample is 930 sulfate-reducing
bacteria per milliliter. The 95-percent confidence limits are 150

and 3,800.

7.6.2 The following results were obtained with a five serum-
bottle series:

Volume (milliliters)----- 1675 1078 302 % qo®
Results========---coc--o 5/5 5/5 - 3/5 150 40/ 5,

Using 107%, 1077, and 1078 mL sample volumes, the test results indicate
a sequence of 5-3-1 for which the MPN (table 8) is 11.0. Dividing by
107, the MPN is computed to be 11x10® sulfate-reducing bacteria per
milliliter and 95-percent confidence limits of 3.1x10® and 25x10°
sulfate-reducing bacteria per milliliter.

134



7.6.3 The following results were obtained with a three serum-
bottle series:

Volume (milliliters)------- 1 0.1 0.01 0.001
Results=======ccommceenaao- 0/3 1/3 0/3 0/3.

Use the sequence of 0-1-0 for which the MPN is 0.3 and 95-percent
confidence limits of <0.05 and 1.3 (table 7).

8. Reporting of results
8.1 For one serum-bottle series, report the data as a range of numbers.

8.2 For a multiple serum-bottle series, report results as MPN of
sulfate-reducing bacteria per milliliter as follows: less than 10, whole
numbers; 10 or more, two significant figures.

9. Precision

9.1 Precision of the MPN method increases as the number of serum bottles
is increased. It increases rapidly as the number of bottles increases from
1 to 5, but then it increases at a slower rate making the gain, when using
10 bottles instead of 5, much less than is achieved by increasing the number
of bottles from 1 to 5. Variance as a function of the number of bottles
inoculated from a tenfold dilution series is listed below:

Number of serum bottles Variance for tenfold
at each dilution dilution series
] === 0.580
e e it .335
5 s e .259
10 ====--cem e e .183

9.2 The 95-percent confidence limits for various combinations of
positive and negative results when three and five 1-, 0.1-, and 0.01-mL
dilutions are used are listed in tables 7 and 8.
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Total Bacteria (Epifluorescence Method)
(B-0005-85)

Parameter and Code:
Bacteria, total count, epifluorescence (number/mL): 81803

Epifluorescent microscopy is one method for determining the bacterial
density in water. It has the advantage of being more rapid than viable count
methods (standard plate count, membrane filter, and most probable number).
However, bacterial densities determined by epifluorescent microscopy are not
directly comparable to viable cell counts or to other biomass measurements,
such as adenosine triphosphate (ATP). Direct microscopic counts usually are
greater than viable counts for two principal reasons. First, cells that are
living as well as dead at the time of collection will be counted by direct
microscopy. Second, only a fraction of the total bacteria is enumerated in a
viable count.

1. Applications

The epifluorescence method is suitable for all water, except that having
a large suspended-sediment concentration. It is similar to other published
methods (Hobbie and others, 1977; Dutka, 1978).

2. Summary of method

A water sample is collected and preserved onsite using formaldehyde.
In the laboratory, an aliquot of the sample is mixed with a fluorescent dye
and filtered through a black membrane filter. The membrane filter is mounted
on a microscope slide and viewed at 1,000X using epifluorescent microscopy.
Bacteria and other life forms appear green, orange, or red against a black
background. The number of bacteria per milliliter in the sample is calculated
from the average bacterial density per microscopic field.

3. Interferences

Bacteria absorbed on particulate matter are difficult to isolate and the
number may be underestimated. Fluorescence of nonbacterial matter, such as
algae, protozoa, and fungi, also may cause enumeration errors. Some surfac-
tants prevent the fluorescent dye from attaching to the bacteria or may remove
dye from the membrane filter making analysis impossible. Excessive sediment
on the filter makes it difficult to view underlying cells.

4. Apparatus

All materials used in microbiological testing need to be free of agents
that inhibit bacterial growth. Most of the materials and apparatus listed in
this section are available from scientific supply companies.

4.1 Bottles, milk dilution, screwcap.

4.2 Cover slips, 25-mm circles.

4.3 Filter-holder assembly, 25 mm.
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4.4 Filter-holder assembly, 47 mm.

4.5 Flasks, 1 L, erlenmeyer (borosilicate glass).

4.6 Laboratory film, parafilm.

4.7 Membrane filters, cellulose, 0.45-pm pore size, 25-mm diameter.

4.8 Membrane filters, polycarbonate, 0.2-um pore size, 25-mm diameter.

4.9 Membrane filters, white, grid, sterile, 0.45-pm pore size, 47-mm
diameter.

4.10 Membrane forceps.

4.11 Microscope, with lamp, heat filter, red attenuation filter, beam
splitter, barrier filter, exciter filter, or equivalent apparatus.

4.12 Microscope slides, 25X75 mm.

4.13 Pipets, 1-mL capacity, sterile.
4.14 Pipets, 10-mL capacity, sterile.

4.15 Plastic petri dishes with covers, disposable, sterile, 50X12 mm.

4.16 Sample-collection apparatus. Use an appropriate device for col-
lecting a representative sample from the environment to be tested, following
guidelines in the "Collection'" subsection of the "Bacteria' section.

4.17 Stage micrometer.

4.18 Sterilizer, horizontal steam autoclave, or vertical steam
autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks
preventing removal of lid while pressure exists. These features are necessary
in maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

4.19 Test tubes, 16x100 mm, glass, disposable.

4.20 Vacuum filtering flask.

4.21 Vacuum pump.
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5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.

5.1 Acridine orange, 0.1 percent. Dissolve 0.1 g acridine orange in
97 mL distilled water, then add 3 mL 37-percent formaldehyde solution. Filter
solution through a 0.45-um membrane filter to remove insoluble dye and store
in an amber or black bottle in darkness. The acridine orange solution is
stable for approximately 1 month at room temperature.

CAUTION.--Acridine orange resulted in mutagenic activity in the Ames test
and needs to be treated with care.

5.2 Distilled or deionized water.

5.3 Formaldehyde preservative, 37-percent formaldehyde solution.

5.4 Immersion oil, low fluorescence.

5.5 Irgalan black solution, 0.2 percent. Dissolve 2 g irgalan black in
1 L distilled water containing 2 percent acetic acid.

5.6 Particle-free sterile distilled or deionized water. Filter
distilled water through a 0.45-pm membrane filter and transfer into a
1-L screwcap erlenmeyer flask. Sterilize by autoclaving at 121 °C at
1.05 kg/cm? (15 psi) for 20 minutes.

6. Analysis

6.1 Preserve the sample, immediately after collection, by the addition
of formaldehyde solution (37 percent) at the rate of 5 mL of formaldehyde to
95 mL of sample. Record the volume of preservative added. Maintain the
sample in a cool, dark location prior to analysis but prevent from freezing.
Refrigeration is ideal but is not required. Sample analysis needs to be
completed within 1 month of collection.

6.2 Soak the polycarbonate membrane filters in irgalan black solution
for 8 to 24 hours. Rinse the filters in two successive sterile particle-free
distilled water rinses and place in a sterile petri dish prior to use.

6.3 Shake the water sample vigorously for 10 seconds to distribute the
contents evenly.

6.4 Using a sterile pipet, place 0.5 mL acridine orange solution into a
16X100-mm test tube. Place a 4.5 mL sample into the test tube or a 4.5-mL
combination of sample plus particle-free distilled water. Cover the test tube
with a small piece of parafilm and invert several times to mix. Let stand for
2 (or as much as 30) minutes.

6.5 Assemble the 25-mm filter-holder assembly with a cellulose membrane

filter (0.45 pm, 25-mm diameter) on the bottom and a polycarbonate filter
(0.2 pm, 25-diameter) on top. Attach vacuum pump to vacuum filtering flask.
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6.6 Filter the acridine orange containing sample at 0.5 bar (15 in. of
vacuum) until the filter just becomes dry. Rinse the test tube using about
5 mL of particle-free sterile distilled water and filter as before to rinse
particulate matter from the inner surface of the filter-holder assembly.

6.7 When the polycarbonate filter just becomes dry, place it on a
microscope slide. Allow to dry for an additional minute, place a drop of
immersion o0il on the filter, and add a cover slip.

6.8 Examine the preparation under epifluorescent microscopy at 100X
following the manufacturer's instructions for the unit. When the filter
surface is in focus, change to high dry (450X) and scan the filter looking
for problems such as poor dispersion or excessive fluorescence. If the filter
has no apparent problems, add a drop of immersion oil to the cover slip and
change to 1,000X magnification. Count the bacteria either within the entire
field or within the area enclosed by an ocular grid. Bacterial enumeration is
easiest using a Whipple or similar ocular grid. Ideally, each microscopic
field should have 5 to 50 bacteria. Generally, most bacteria fluoresce green,
but a few also may fluoresce orange or red. Only objects having clearly dis-
cernible bacterial morphology should be counted. Count each field separately.
Count at least 10 random fields until a total of 300 or more bacteria are
counted. If the preparation is too concentrated or dilute, prepare another
mount with a different sample volume.

7. Calculations
7.1 Calculate the number of bacteria per milliliter as follows:
Average count per field X

effective filter area (square millimeters)
field area (square millimeters)

Bacteria/mL =
Sample volume filtered (milliliters) X
dilution factor

The effective filter area is the area of filter exposed to the water sample.
The 25-mm filter-holder assembly described in the "Apparatus'" subsection has
an effective filter diameter of 16 mm or an effective filter area of 201 mm?2.
Other types of filter-holder assemblies may have different effective filter
areas. The field area must be determined for each microscope using a stage
micrometer and following the procedure described by the American Public Health
Association and others (1985). The dilution factor corrects for the addition
of preservative as follows:

Sample volume (milliliters)

Dilution factor (Note 1) = g
Sample volume (milliliters) +
preservative (milliliters)

Note 1: Addition of 5 mL of formaldehyde to 95 mL of sample will give a
dilution factor of 0.95.
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7.2 Example calculation:

95 mL of sample + 5 mL preservative = dilution factor 0.95

Sample volume = 2 mL
Effective filter area = 201 mm?
Field area of microscope = 2.303 x 1072 mm?
Total bacteria per field = 60
201
La0) 2.303 x 103
Bacteria/mL =
(2) (0.95)
= (60) (0.8727 x 10%)
(2) (0.95)
= 2,756,130
= 2,760,000 .

8. Reporting of results

Report the bacterial density as bacteria per milliliter as follows:
three significant figures.

9. Precision

The precision is dependent on the density of bacteria in the sample and
the quantity of nonbacterial debris. For typical samples, the precision is
approximately *10 percent.

10. References cited

American Public Health Association, American Water Works Association, and
Water Pollution Control Federation, 1985, Standard methods for the
examination of water and wastewater (16th ed.): Washington, D.C.,
American Public Health Association, 1,268 p.

Dutka, B. J., ed., 1978, Methods for microbiological analysis of waters,
wastewaters, and sediments: Burlington, Canada Centre for Inland Waters,
288 p.

Hobbie, J. E., Daley, R. J., and Jasper, S., 1977, Use of nuclepore filters
for counting bacteria by fluorescence microscopy: Applied and
Environmental Microbiology, v. 33, p. 1225-1228.
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Salmonella and Shigella (Diatomaceous-Earth and Membrane-Filter Method)
(B-0100-85)

Parameter and Code: Not applicable

Pathogenic bacteria of the genera Salmonella and Shigella may be isolated
from water by similar methods. The genus Salmonella comprises more than 1,000
varieties, all of which are potentially pathogenic to humans. The more common
diseases caused by Salmonella include typhoid and paratyphoid fever and sal-
monellosis. Because morphologically and physiologically similar Salmonella
varieties can cause different diseases, Salmonella identification involves
serology, which is specific for a particular type of Salmonella. The members
of the genus Shigella are all potentially pathogenic and are similar to
Salmonella in many aspects. Shigella causes acute bacillar dysentery, also
known as shigellosis.

Salmonella and Shigella can inhabit the gastrointestinal tract of humans.
The bacteria pass with the feces. These organisms share the same native envi-
ronment and travel the water route along with fecal coliforms. The pathogens
in water form an extremely small part of the total bacterial population be-
cause of excessive numbers of coliforms. Geldreich (1970) reported isolation
of Salmonella in less than 27.6 percent of freshwater samples when the fecal
coliform concentration was less than 200 colonies per 100 mL. Salmonella was
isolated in 85.2 percent of water samples having fecal coliform concentrations
between 200 and 2,000 colonies per 100 mL and was isolated in 98.1 percent of
samples having fecal coliform concentrations exceeding 20,000 colonies per
100 mL.

Because of the small occurrence of pathogenic bacteria in most water,
large volumes of sample must be filtered. In addition, selective enrichment
culture is necessary to increase the population density of the pathogens so
that detection is possible. Thus, the procedure is qualitative only. Quanti-
fication of pathogens in an original sample cannot be determined readily by
this method.

This method is approved for use in the Water Resources Division by those
individuals who have special training and knowledge in the handling of path-
ogenic organisms. Extreme care must be taken because the method provides for
the reproduction and enhancement of growth of pathogenic bacteria. Following
completion of tests, all cultures must be destroyed and all equipment steri-
lized by autoclaving at 121 °C at 1.05 kg/cm? (15 psi) for 30 minutes.

1. Applications
The method is applicable for all fresh and estuarine water. Very few

reports of the occurrence of Salmonella and Shigella in marine environments
are available except to indicate that sediment may be an important source.

2. Summary of method
2.1 Samples are collected using sterile procedures to avoid contamina-

tion, while minimizing exposure of onsite personnel to possible pathogens.
Several liters of water are filtered through either diatomaceous earth or a
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membrane filter. The bacteria-laden diatomaceous earth or membrane filter is
divided into parts for inoculation into suitable enrichment media. Selenite
and tetrathionate broth media are recommended for all Salmonella and most
Shigella determinations.

2.2 Selective solid media plates are streaked at 24-hour intervals for
as much as 5 days after incubation at 41.5 °C. Colonies that appear on the
selective media having typical Salmonella or Shigella characteristics are
purified and further classified by biochemical reactions. Several non-
pathogenic organisms share some important biochemical characteristics with
the Salmonella and Shigella groups. For this reason, many differential
biochemical tests are necessary for presumptive identification of the patho-
genic Enterobacteriaceae, of which Salmonella and Shigella are members.
Identification cannot be done until the bacteria is verified serologically.
A diagrammatic identification scheme is shown in figure 8.

3. Interferences

The membrane-filter method may not work with water having a large
suspended-solids concentration. Additionally, many bacteria, other than
Salmonella and Shigella, growing in the enrichment media make isolation and
identification of the pathogenic Enterobacteriaceae difficult, even for ex-
perienced investigators. Cultures used for inoculation of media in bio-
chemical tests must be pure; if not, false results will be obtained.

4. Apparatus

All materials used in microbiological testing need to be free of agents
that inhibit bacterial growth. Most of the materials and apparatus listed in
this section are available from scientific supply companies.

The following apparatus list assumes the use of an onsite kit for micro-
biological water tests, such as the portable water laboratory (Millipore, 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 are included in the portable water
laboratory (fig. 1).

4.1 Bacteriological transfer loops and needles.

4.2 Bottles, milk dilution, screwcap.

4.3 Diatomaceous earth.

4.4 Durham tubes, flint glass, 6X50 mm.

4.5 Filter-holder assembly* and syringe that has a two-way valve* or
vacuum hand pump.

4.6 Flasks, 125-mL, screwcap, erlenmeyer.

4.7 Forceps*, stainless steel, smooth tips.
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Water sample

Concentration

Selenite broth
Enrichment Tetrathionate broth
Gram negative broth (Shigella only)

Selective plating { Xylose lysine desoxycholate agar

Bismuth sulfite agar

media Brilliant green agar
Purification on agar
Hydrolysis of urea
+ (positive) - (negative)
Discard Hydrogen sulfide (H3S) [triple sugar iron (TSI) agar]
Decarboxylation (lysine and ornithine)
Simmons' citrate
Carbohydrate use [lactose, saccharose (sucrose),
salacin, and raffinose]
Reaction on sulfide-indole-motility (SIM) medium
Growth on potassium cyanide (KCN) broth base
Typical Salmonella or Shigella, biochemically Nontypical biochemically

Serological identification

Other Enterobacteriaceae  Shigella Salmonella

Carbohydrate use (glucose, mannitol, maltose,
dulcitol, xylose, rhamnose, and inositol)

Biochemically similar to Salmonella or Shigella

[

Dissimilar to Salmonella
or Shigella
¢ Serological identification

Discard &7 ¢ ¢

Other Enterobacteriaceae Shigella  Salmonella

Figure 8.--Identification scheme for Salmonella and Shigella.
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4.8 Hot plate, or kitchen stove.

4.9 Incubator®, for operation at a temperature of 35%0.5 °C and
41.5 °C. A portable incubator as provided in the portable water laboratory,
or heaterblock (fig. 2), which operates on either 115 V ac or 12 V dc, is
convenient for onsite use. A larger incubator, having more precise tempera-
ture regulation, is satisfactory for laboratory use.

4.10 Laboratory balance, with ‘sensitivity to 0.01 g.

4.11 Membrane filters, white, grid, sterile, 0.45-pm mean pore size,
47-mm diameter, and absorbent pads.

4.12 Microscope slides, 25X75 mm.

4.13 Plastic petri dishes with covers, disposable, sterile, 100X15 mm.

4.14 Sample-collection apparatus. Use an appropriate device for col-
lecting a representative sample from the environment to be tested, following
guidelines in the "Collection" subsection of the "Bacteria'" section. Care
when collecting the sample is advised to preclude the possibility of contam-
ination of the sample or the collector. Sterile, disposable gloves are rec-
ommended. A minimum of 2 L of sample is necessary for filtration. Because
this procedure will be used for qualitative determinations, samples repre-
sentative of mean flow of a stream generally are not required.

4.15 Scissors, autoclavable.
4.16 Spatula, laboratory, 120X20 mm.

4.16 Sterilizer, horizontal steam autoclave, or vertical steam
autoclave.

CAUTION.--If vertical autoclaves or pressure cookers are used, they need
to be equipped with an accurate pressure gauge, a thermometer with the bulb
2.5 cm above the water level, automatic thermostatic control, metal air-
release tubing for quick exhaust of air in the sterilizer, metal-to-metal-seal
eliminating gaskets, automatic pressure-release valve, and clamping locks
preventing removal of lid while pressure exists. These features are necessary
in maintaining sterilization conditions and decreasing safety hazards.

To obtain adequate sterilization, do not overload sterilizer. Use a
sterilization indicator to ensure that the correct combination of time,
temperature, and saturated steam has been obtained.

4.18 Test tubes, borosilicate glass, 16X150 mm, and tube caps, 16 mm.

5. Reagents

Most of the reagents listed in this section are available from chemical
supply companies.
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L

5

6

Agar.

Bismuth sulfite agar.

Brilliant green agar.

Decarboxylase base Moeller.

Distilled or deionized water.

Ethyl alcohol, 95-percent denatured or absolute ethyl alcohol for

slevilizing equipment. Absolute methyl alcohol also may be used for steri-
lization.

5.7 GN (gram negative) broth.

5.8 KCN (potassium cyanide) broth base.

5.9 Kliger iron agar.

5

5.

10

Ll

s 12

.13

.14

.15

.16

.17

.18

19

.20

.21

e 22

.23

.24

.25

.26

Lactose.

L-lysine HCL.

L-ornithine HCL.

Potassium cyanide (KCN), powdered, reagent grade.

Purple broth base.

Raffinose.
Saccharose.
Salicin.

Salmonella H Antiserum Kit.

Salmonella O Antiserum Kit.

Selenite broth.

SIM (sulfide-indole-motility) medium.

Simmons' citrate agar.
Sucrose.
Tetrathionate broth.

TSI (triple sugar iron) agar.

Urea agar base.
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5.27 Veal infusion broth.

5.28 XLD (xylose lysine desoxycholate) agar.

Note 1: It is important that manufacturer's instructions be followed
closely in the preparation and storage of all media. If onsite inoculation is
intended, discretion is advised in the final dispensing of selenite and tetra-
thionate broth. The container must allow room for diatomaceous earth and mem-
brane filters and must fit in an onsite incubator.

6. Analysis

6.1 Sterilize filter-holder assembly (Note 2). In the laboratory, wrap
the funnel and filter base parts of the assembly separately in kraft paper or
polypropylene bags and sterilize in the autoclave at 121 °C at 1.05 kg/cm?
(15 psi) for 15 minutes. Steam must contact all surfaces to ensure complete
sterilization. Cool to room temperature before use.

Note 2: Onsite sterilization of filter-holder assembly needs to be in
accordance with the manufacturer's instructions but usually involves appli-
cation and ignition of methyl alcohol to produce formaldehyde. Autoclave
sterilization in the laboratory prior to the trip to the sampling site is
preferred. Sterilization must be performed at all sites.

6.2 Assemble the filter-holder assembly and, using flame-sterilized
forceps (Note 3), place a sterile membrane filter over the porous plate of
the assembly, grid side up, or a sterile absorbent pad in the funnel part of
the filter-holder assembly (6.4). Carefully place funnel on filter to avoid
tearing or creasing the membrane.

Note 3: Flame-sterilized forceps--Dip forceps in ethyl or methyl al-
cohol, pass through flame to ignite alcohol, and allow to burn out. Do not
hold forceps in flame.

6.3 Shake the sample vigorously about 25 times to obtain an equal dis-
tribution of bacteria throughout the sample before transferring a measured
portion of the sample to the filter-holder assembly.

6.4 Concentration: the sample must be concentrated before inoculation
into selective media. Two procedures are available for concentration--
diatomaceous-earth filtration and membrane filtration.

6.4.1 Diatomaceous-earth filtration: Place a sterile 47-mm
diameter absorbent pad in the funnel part of the filter-holder assembly
and fill the neck halfway with diatomaceous earth. Pour 2 L of sample
slowly into the funnel and apply vacuum. When the sample has been
completely filtered, transfer equal parts of the diatomaceous earth to
the selective growth media (Note 4).

Note 4: Not all bacteria are retained; the filtrate will contain some
bacteria and possibly pathogens.
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6.4.2 Membrane filtration: Filter 2 L (minimum) of sample through
a 0.45-uym mean pore size membrane filter. Because of the small pore
diameter, a 47-mm diameter membrane filter will clog quickly unless
the water is relatively free of suspended material. Larger diameter
filters, such as 100 or 150 mm, may be used if suitable filter-holder
assemblies are available. When filtration is complete, remove the filter
from the assembly, cut with sterile scissors, and transfer equal-sized
pieces of the filter to selective growth media. Record volume of sample
that was filtered.

6.5 If isolation of Salmonella is desired, transfer one-half of the dia-
tomaceous earth or membrane filter(s) to previously prepared and prewarmed
(41.5 °C) flasks of selenite and tetrathionate broth. Prepare flasks by plac-
ing 50-mL aliquots of appropriate broth medium in sterilized 125-mL screwcap
erlenmeyer flasks. If only Shigella is desired, transfer one-half of the dia-
tomaceous earth or membrane filter(s) to GN broth. GN broth cannot be used to
isolate Salmonella.

6.6 Immediately place inoculated flasks into an incubator preset at
41.5 °C. No more than 24 hours may elapse between incubation and subsequent
culture transfers (6.5).

6.7 After arrival at the laboratory, transfer primary culture flasks to
a laboratory incubator prewarmed to 41.5 °C and prepare selective media. For
Salmonella, use brilliant green agar, bismuth sulfite agar, and XLD agar. XLD
agar also may be used for Shigella. One to four petri dishes of each medium
will be needed for every primary (broth) culture.

6.8 After incubation periods indicated in this paragraph and using
bacteriological needles, streak broth cultures having evidence of bacterial
growth onto media prepared in 6.4. Selenite broth cultures displaying growth
become turbid and develop orange-red coloration. Optimum recovery of
Salmonella from selenite broth is obtained after incubation at 41.5 °C for
24 hours, but additional streaking after 48 and 72 hours may be needed to
recover some slower growing strains. Incubate tetrathionate cultures for
48 hours before streaking. Repeated streaking from tetrathionate cultures
may be necessary for as much as 5 days to recover all Salmonella. Streak the
GN broth after 24-hour incubation only. Streak using care and precision so
isolated colonies will grow in a discrete pattern (Note 5).

Note 5: The following streak pattern will give good results if care is
taken to flame the needle after streaking each section:

( streak pattern )
6.9 Incubate inoculated petri dishes in an inverted (upside down) posi-

tion at 41.5 °C. Incubate XLD agar petri dishes for 24 hours. Incubate all
other petri dishes for 48 hours.
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6.10 After incubation, inspect the petri dishes for Salmonella or
Shigella colonies. The petri dishes usually have luxuriant bacterial growth,
so care and discretion are necessary in the selection of possible colonies of
pathogens. On brilliant green agar, Salmonella typically forms pinkish-white
colonies having a red background (if well isolated). If the petri dish is
overgrown with colonies, Salmonella may be indistinguishable from the usually
more numerous nonpathogens. On bismuth sulfite agar, Salmonella develops
black colonies that may or may not have a metallic sheen; sometimes a halo is
produced around the colony. A few Salmonella strains develop a green, rather
than black, coloration on bismuth sulfite agar. Therefore, isolate some green
colonies. On XLD agar, Shigella forms red colonies, and Salmonella produces
black-centered red colonies.

6.11 Carefully transfer all suspected Salmonella or Shigella colonies,
using a sterile bacteriological loop, to fresh agar petri dishes. Incubate
at 41.5 °C for 48 hours. Continue repeated examination, streaking, and
incubation of suspected Salmonella and Shigella until pure cultures are
obtained.

6.12 After the suspected Salmonella or Shigella colonies have been
developed in pure culture, subject them to a series of biochemical tests.
If cultures are still positive for Salmonella or Shigella following the
biochemical testing, serological confirmation must be done. In some areas,
State or local health departments may be able to perform the biochemical
and serological testings. If not, use the scheme in figure 8.

Biochemical identification of large numbers of cultures is expensive
and time consuming. It should not be attempted independently without pre-
vious training and experience in reading reactions and interpreting results.
Additionally, care must be used in working with cultures if laboratory-
acquired infections are to be avoided.

There are many published identification schemes for Salmonella and
Shigella. Publications by Brezenski and Russomanno (1969), Claudon and
others (1971), Presnell and Miescier (1971), and Edwards and Ewing (1972)
describe various methods for the identification procedure. The manufacturers
of bacteriological media also provide useful leaflets about certain testing
procedures. Difco Laboratories publications (1968, 1969a, 1969b, 1971a,
1971b) are available on request to Difco Laboratories.

If local identification of a suspect culture is desired, first check
for the production of urease. Salmonella and Shigella always are negative
for urease production using the Christensen method (Difco Laboratories,
1969b). Screen urease negative cultures for biochemical action as follows:
Lysine and ornithine decarboxylation using the Moeller method (Difco Labora-
tories, 1969a); citrate using the Simmons method (Difco Laboratories, 1953);
hydrogen sulfide production on TSI; fermentation of lactose, saccharose
(sucrose), salicin, and raffinose; growth in KCN broth; and action on SIM
medium. Procedural details are listed in table 9.

If biochemical tests (table 10) indicate the isolated culture may be
Salmonella or Shigella, identify serologically.
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6.13 Serological identification. Serological identification of
Salmonella or Shigella should be carried out as described by Edwards and
Ewing (1972) and American Public Health Association and others (1985). Difco
Laboratories (1971b) developed one procedure for the serological identifica-
tion of Salmonella.

A brief description of the serological process may improve the nonserol-
ogist's understanding. If an organism is exposed to a foreign body, such as a
bacterial cell, part of the organism's defense is the production of a specific
protein, called an antibody, that renders the bacterium harmless or non-
virulent. Antibodies are found in the plasma fraction of the blood; hence,
blood serum that contains antibodies against, for example, Salmonella, is
called antiserum. Antiserum, if specific for a certain bacterium, will cause
clumping of the bacteria. The clumping can be observed under 100X magnifi-
cation. The serological process is so specific that more than 1,000 different
Salmonella types (serotypes) have been identified.

A foreign body that stimulates the production of an antibody is called an
antigen. Salmonella has two main types of antigens, the O (somatic or intra-
cellular) antigens and H (flagellar) antigens. The O antigens are heat stable
and provide basic differentiation into groups of bacteria. The H antigens are
heat labile and are used for differentiation within a bacterial group. Occa-
sionally another somatic antigen, termed Vi, is observed. The Vi antigen can
block activity of an O antigen and must be inactivated by heat during the
serological grouping tests.

The serological procedure for the identification of Shigella is similar
to that of Salmonella; therefore, only the Salmonella serology is further
detailed. A simplified scheme devised by Spicer and Edwards (Difco Labora-
tories, 1971b) can be used for tentative serological identification of
Salmonella using minimal effort. The O antigen is identified first using
Salmonella O antiserum. If the results are positive (clumping occurs), the
culture is one of the genus Salmonella. If only verification that the culture
is a Salmonella is needed, the O antigen analysis is sufficient.

If further identification is desired, the H antigen needs to be de-
termined using Salmonella H antiserum. In this step, most Salmonella can be
classified into a specific serotype. A diagrammatic serological scheme for
Salmonella is shown in figure 9.

All cultures not retained for serological testing should be autoclaved at
121 °C at 1.05 kg per/cm? (15 psi) for 15 to 30 minutes before discarding.
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Table 9.--Biochemical test procedures for Salmonella and Shigella

SIM, sulfide-indole-motility; KCN, potassium cyanide]

[°C, degrees Celsius; mL, milliliters; HyS, hydrogen sulfide; TSI, triple sugar iron;

Inoculation
Test Media requirements Media preparation and Typical result
incubation

Urease. Urea agar base or Prepare medium in Make one streak Salmonella and Shigella

agar. slants with along entire are negative (no color
generous butts. length. Do not change). Others turn
inoculate butt. medium pink within
Incubate at 37 °C 24 hours.
for 24 hours.

Decarboxylation Decarboxylase base, Use amino acids at Inoculate with a Reddish violet, if posi-
of lysine and L-lysine, and 0.5 percent, added 24-hour agar slant tive; yellow, if nega-
ornithine. L-ornithine. to base medium. culture. Screw tive. Salmonella,

Ornithine must be caps on tightly usually positive and
adjusted to pH 6.5 and incubate at Shigella, negative,
with I N sodium hy- 37 °C for 24 hours. on lysine; variable
droxide. Dispense on ornithine (see
- in 5-mL quantities table 10).
in screwcap tubes.
Citrate. Simmons' citrate Prepare medium in Make one streak Shigella is negative
agar. slants with along length and (green color). Most
generous butts. stab the butt Salmonella are posi-
using a needle. tive (deep blue).
Incubate at 37 °C
for 24 to 48 hours.
HoS production. TSI agar. Prepare medium in Streak slant heavily Salmonella has red slant,

slants with
generous butts.

along entire length
and stab the butt.
Incubate at 37 °C
for 24 hours.

yellow butt, positive
for HsS production
(blackening), gas vari-
able. Shigella has red
slant, yellow butt,
negative for HsS pro-
duction (no blackening).




Table 9.--Biochemical test procedures for Salmonella and Shigella--Continued

Inoculation
Test Media requirements Media preparation and Typical result
incubation
Carbohydrate Purple broth base, Sterilize base and Inoculate from 24- A positive reaction is
use. lactose, saccarose sugar separately, hour agar slant production of acid

SIM.

£ST

KCN.

sucrose), salicin,
and raffinose.

SIM medium and
indole test
strips.

KCN broth base
KCN reagent,
powder.

the latter by filter.
Use 0.5 to 1 percent
sugar. Add after
sterilizing base in
test tubes with
durham tubes.

Dispense in test tubes

half full. Steri-
lize, allow to harden
upright. Put a test
strip in each tube.

Sterilize base sepa-

rately. Prepare

0.5 percent KCN
solution and add

1.5 mL to 100 mL
sterile base. Dis-
pense 2 mL in test
tubes and close with
sterile paraffined
stoppers.

culture. Incubate
at 37 °C. Examine
daily for 7 days.

Inoculate with needle

from 24-hour agar
slant culture.
Stab in center to
1/2 depth. Incu-
bate at 37 °C for
24 to 48 hours.

Inoculate from
24-hour KCN broth
culture without
KCN. Incubate at
37 °C for 48 hours.

(yellow color) with or
without gas (bubbles
in durham tube).
Salmonella is negative.

If indole is produced,

paper turns pink.
Medium blackens if

HoS is produced.
Salmonella is negative
for indole; may pro-
duce HsS.

Salmonella and Shigella

will not grow. Other
Enterobacteriaceae may
grow (see table 10).




%G1

Table 10.--Differentiation of Enterobacteriaceae by biochemical tests

[+, 90 percent or more cultures positive within 1- or 2-day incubation; - or +, majority of cultures negative;
-, 90 percent or more cultures negative; d, different biochemical reactions (+, (+), -); + or -, majority of
cultures positive; d , different biochemical reactions (+, (+), -), weak reaction; (+), delayed positive
reaction; - or (+), majority of cultures negative (delayed reaction of 3 days or more); (+) or +, majority
of reactions delayed, some occur within 1 or 2 days; + or (+), 90 percent or more positive (delayed reaction

of 3 days or more);

°C, degrees Celsius; from Edwards and Ewing, 1972]

Test or
substrate

Escherichieae

Escherichia

Shigella

Edward-
sielleae

Salmonelleae

Edwardsiella

Salmonella

Arizona

Citrobacter

Methyl red-------------
Voges-proskauer--------
Simmons' citrate-------

Hydrogen
sulfide (TSI)--------
Urease---=====ceccccaaax
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Table 10.--Differentiation of Enterobacteriaceae by biochemical tests--Continued
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