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SUMMARY OF MAJOR CHANGES SINCE 1998

Material on coliphage detection from Rapid Detection Methods (9211) was expanded into a new
section, Detection of Coliphages (9224). Other new sections are Aerobic Endospores (9218) and
Nitrifying Bacteria (9245).

New tables for the reading and recording of Most Probable Number were added to Multiple-Tube
Fermentation Technique for Members of the Coliform Group (9221). Escherichia coli tests using the
GAD reagent and indole production also were added. New procedures for bacteria living in acidic
environments were added to Iron and Sulfur Bacteria (9240) along with several new figures. The
section on Pathogenic Protozoa (9711) has been updated to include an overview of methods for the
detection and identification of Giardia, Cryptosporidium, and Acanthamoeba.
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The following sections describe procedures for making micro-
biological examinations of various types of water samples. The
methods describe analyses for compliance monitoring and re-
search studies of ambient water, drinking water, and wastewater.
They are the best techniques currently available; however, their
limitations must be thoroughly understood.

Tests for detection and enumeration of indicator organisms
and of pathogens are presented. The coliform group of bacteria,
as herein defined, is one of the principal indicators of the
suitability of a water for domestic, industrial, or other uses. The
cultural reactions and characteristics of this group of bacteria
have been studied extensively.

Experience has established the significance of coliform group
density, in particular fecal coliforms or Escherichia coli, as a
criterion of the degree of pollution and thus of sanitary quality.
The significance of the tests and the interpretation of results are
well authenticated and have been used as a basis for standards of
bacteriological quality of water supplies.

The membrane filter technique, which involves a direct plating
for detection and estimation of coliform densities, is as effective
as the multiple-tube fermentation test for detecting bacteria of
the coliform group. Modification of procedural details, particu-
larly of the culture medium, has made the results comparable
with those given by the multiple-tube fermentation procedure.
Although there are limitations in the application of the mem-
brane filter technique, it is equivalent when used with strict
adherence to these limitations and to the specified technical
details. Thus, two standard methods are presented for the detec-
tion and enumeration of bacteria of the coliform group.

It is customary to report results of the coliform test by the
multiple-tube fermentation procedure as a Most Probable Num-
ber (MPN) index. This is an index of the number of coliform
bacteria that, more probably than any other number, would give
the results shown by the laboratory examination; it is not an
actual enumeration. By contrast, direct plating methods such as
the membrane filter procedure permit a direct count of coliform
colonies. In both procedures coliform density is reported con-
ventionally as the MPN or membrane filter count per 100 mL.
Use of either procedure permits appraising the sanitary quality of
water and the effectiveness of treatment processes. Because it is
not necessary to provide a quantitative assessment of coliform
bacteria for all samples. a qualitative, presence-absence test is
included.

Fecal streptococci and enterococci also are indicators of fecal
pollution and methods for their detection and enumeration are
given. A multiple-tube dilution and a membrane filter procedure
arc included.

Methods for the differentiation of the coliform group are
included. Such ditferentiation generally is considered of limited
value in assessing drinking water quality because the presence of
coliform bacieria, particularly fecal coliforms or E. coli, renders
the water potentially unsatisfactory and unsafe. Speciation may
provide information on colonization of a distribution system and
further confirm the validity of coliform results.

* Approved by Standard Methods Committee, 2000.

INTRODUCTION*

Coliform group bacteria present in the gut and feces of warm-
blooded animals generally include organisms capable of produc-
ing gas from lactose in a suitable culture medium at 44.5 *
0.2°C. Inasmuch as coliform organisms from other sources often
cannot produce gas under these conditions, this criterion is used
to define the fecal component of the coliform group. Both the
multiple-tube dilution technique and the membrane filter proce-
dure have been modified to incorporate incubation in confirma-
tory tests at 44.5°C to provide estimates of the density of fecal
organisms, as defined. Procedures for fecal coliforms and Esch-
erichia coli include a 24-h multiple-tube test using A-1 medium,
a 7-h rapid method, and chromogenic substrate coliform tests.
This differentiation yields valuable information concerning the
possible source of pollution in water, and especially its remote-
ness, because the nonfecal members of the coliform group may
be expected to survive longer than the fecal members in the
unfavorable environment provided by the water.

The heterotrophic plate count may be determined by pour
plate, spread plate, or membrane filter method. It provides an
approximate enumeration of total numbers of viable bacteria that
may yield useful information about water quality and may pro-
vide supporting data on the significance of coliform test results.
The heterotrophic plate count is useful in judging the efficiency
of various treatment processes and may have significant appli-
cation as an in-plant control test. It also is valuable for checking
quality of finished water in a distribution system as an indicator
of microbial colonization and sediment buildup in slow-flow
sections and dead ends.

Experience in the shipment of un-iced samples by mail indi-
cates that noticeable changes may occur in type or numbers of
bacteria during such shipment for even limited periods of time.
Therefore, refrigeration during transportation is recommended to
minimize changes, particularly when ambient air temperature
exceeds 13°C.

Procedures for the isolation of certain pathogenic bacteria and
protozoa are presented. These procedures are tedious and com-
plicated and are not recommended for routine use. Likewise,
procedures for enteric viruses are included but their routine use
is not advocated. However, these methods are useful in investi-
gations of waterborne disease and in studies designed to char-
acterize watersheds or for determining groundwater quality.

Examination of routine bacteriological samples cannot be re-
garded as providing complete information concerning water
quality. Always consider bacteriological results in the light of
information available concerning the sanitary conditions sur-
rounding the sample source. For a water supply, precise evalu-
ation of quality can be made only when the results of laboratory
examinations are interpreted in the light of sanitary survey data.
Consider inadequate the results of the examination of a single
sample from a given source. When possible, base evaluation of
water guality on the examination of a series of samples collected
over a known and protracted period of time.

Pollution problems of tidal estuaries and other bodies of saline
water have focused attention on necessary modification of ex-
isting bacteriological techniques so that they may be used effec-
tively. In the following sections, applications of specific tech-
niques to saline water are not discussed because the methods
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used for fresh waters generally can be used satisfactorily with
saline waters.

Methods for examination of the waters of swimming pools and
other bathing places are included. The standard procedures for
the plate count, fecal coliforms, and fecal streptococci are iden-
tical with those used for other waters. Procedures for Staphvlo-
coccus and Pseudomonas deruginosa, organisms commonly as-
sociated with the upper respiratory tract or the skin, are included.

Procedures for aquatic fungi and actinomycetes are included.

Sections on rapid methods for coliform testing and on the
recovery of stressed organisms are included. Because of in-
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creased interest and concern with analytical quality control, this
section continues to be expanded.

The bacteriological methods in Part 9000, developed primarily
to permit prompt and rapid examination of water samples, have
been considered frequently to apply only to routine examina-
tions. However, these same methods are basic to, and equally
valuable in, research investigations in sanitary bacteriology and
water treatment. Similarly, all techniques should be the subject
of investigations to establish their specificity, improve their
procedural details, and expand their application to the measure-
ment of the sanitary quality of water supplies or polluted waters.

9020 QUALITY ASSURANCE/QUALITY CONTROL*

9020 A.

1. General Considerations

The growing emphasis on microorganisms in water quality
standards and enforcement activities and their continuing role in
research, process control, and compliance monitoring require the
establishment and effective operation of a quality assurance
(QA) program to substantiate the validity of analytical data.

A laboratory quality agsurance program is the integration of
intralaboratory and interlaboratory quality control (QC), stan-
dardization, and management practices into a formal, docu-
mented program with clearly defined responsibilities and duties
to ensure that the data are of the type, quality, and quantity
required.

The program must be practical and require only a reasonable
amount of time or it will be bypassed. Generally, about 15% of
overall laboratory time should be spent on different aspects of a
quality assurance program. However, more time may be needed
for more important analytical data, e.g., data for enforcement
actions. When properly administered, a balanced, conscien-
tiously applied QA program will optimize data quality without
adversely affecting laboratory productivity.

Because microbiological analyses measure constantly chang-
ing living organisms, they are inherently variable. Some quality
control tools used by chemists, such as reference standards,
instrument calibration, and quality control charts, may not be
available to the microbiologist.

Because QA programs vary among laboratories as a result of
differences in organizational mission, responsibilities, and ob-
jectives; laboratory size, capabilities, and facilities; and staff
skills and training, this section provides only general guidance.
Each laboratory should determine the appropriate QA level for
its purpose.

* Approved by Standard Methods Committee, 1997.

Joint Task Group: 20th Edition—Robert H. Bordner (chair), Michael H. Brodsky,
John K. Brokaw, Terry C. Covert, G. Keith Elmund, Donna S. Francy, Nancy H.
Hall, William B. Randolph, Peggy A. Ryker, Eileen Q. Sanders, John A. Winter,
William A. Yanko.

Introduction

2. Guidelines for a Quality Assurance Program

Develop a QA program to meet the laboratory's specific needs
and the planned use of the data. Emphasis on the use of data is
particularly important where significant and costly decisions
depend on analytical results. An effective QA program will
confirm the quality of results and increase confidence in the data.

a. Management responsibilities: Management must recognize
the need for quality assurance, commit monetary and personnel
resources, assume a leadership role, and involve staff in devel-
opment and operation of the QA program. Management should
meet with the laboratory supervisor and staff to develop and
maintain a comprehensive program and establish specific re-
sponsibility for management, supervisors, and analysts.

b. Quality assurance officer: In large laboratories, a QA of-
ficer has the authority and responsibility for application of the
QA program. Ideally, this person should have a staff position
reporting directly to upper management, not a line position. The
QA officer should have a technical education, be acquainted with
all aspects of laboratory work, and be familiar with statistical
techniques for data evaluation. The QA officer is responsible for
initiating the program, convincing staff of its value, and provid-
ing necessary information and training to the staff. Once the QA
program is functioning, the coordinator conducts frequent
(weekly to monthly) reviews with the laboratory supervisor and
staff to determine the current status and accomplishments of the
program and to identify and resolve problems. The QA officer
also reports periodically to management to secure backing in
actions necessary to correct problems that threaten data quality.

c. Staff: Laboratory and field staffs participate with manage-
ment in planning the QA program, preparing standard operating
procedures, and most importantly, implementing the QC pro-
gram in their daily tasks of collecting samples. conducting anal-
yses, performing quality control checks, and calculating and
reporting results. Because the staffs are the first to see potential
problems, they should identify them and work with the supervi-
sor to correct and avoid them. It is critical to the success of the
QA program that staff understand and actively support it.
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3. Quality Assurance Program Objectives

The objectives of a QA program include providing data of known
quality, ensuring a high quality of laboratory performance, main-
taining continuing assessment of laboratory operations, identifying
weaknesses in laboratory operations, detecting training needs, and
improving documentation and recordkeeping.

4. Elements of a Quality Assurance Program

Each laboratory should develop and implement a written QA
plan describing the QA program and QC activities of the labo-
ratory. The plan should address the following basic common
aspects:

a. Statement of objectives, describing the specific goals of the
laboratory.

b. Sampling procedures, including selection of representative
sites and specified holding time and temperature conditions. If
data may be subjected to litigation, use chain-of-custody proce-
dures.

c. Personnel policies, describing specific qualification and
training requirements for supervisors and analysts.

d. Equipment and instrument requirements, providing calibra-
tion procedures and frequency and maintenance requirements.

e. Specifications for supplies, to ensure that reagents and
supplies are of high quality and are tested for acceptability.

[. Analytical methods, i.e., standardized methods established
by a standards-sefting organization and validated. Ideally, these
laboratory methods have documented precision, bias, sensitivity,
selectivity, and specificity.

& Analytical quality control measures, including such analyt-
ical checks as duplicate analyses, positive and negative controls,
sterility checks, and verification tests.

h. Standard operating procedures (SOPs), i.e., written state-
ment and documentation of all routine laboratory operations.

i. Documentation requirements, concerning data acquisition,
recordkeeping, traceability, and accountability,

9020 B.

All laboratories have some intralaboratory QC practices that have
evolved from common sense and the principles of controlled ex-
perimentation. A QC program applies practices necessary to mini-
mize systematic and random errors resulting from personnel, instru-
mentation, equipment, reagents, supplies, sampling and analytical
methods, data handling, and data reporting, It is especially impor-
tant that laboratories performing only a limited amount of microbi-
ological testing exercise strict QC. A listing of key QC practices is
given in Table 9020:1. Other sources of QC practices are avail-
able."” These practices and guidelines will assist laboratories in
establishing and improving QC programs. Laboratories should ad-
dress all of the QC guidelines discussed herein, but the depth and
details may differ for each laboratory.

J. Assessment requirements:

1) Internal audits of the laboratory operations, performed by
the QA officer and supervisor.

2) On-site evaluations by outside experts to ensure that the
laboratory and its personnel are following an acceptable QA
program.

3) Performance evaluation studies, in which the QA officer
works with the supervisor to incorporate unknown challenge
samples into routine analytical runs and laboratories are encour-
aged to participate in state and national proficiency testing and
accreditation programs. The collaborative studies confirm the
abilities of a laboratory to generate acceptable data comparable
to those of other laboratories and identify potential problems.

k. Corrective actions: When problems are identified by the
staff, supervisor, and/or QA coordinator, use standard stepwise
procedures to determine the causes and correct them. Noncon-
formances identified by external laboratory evaluation are cor-
rected, recorded, and signed off by the laboratory manager and
QA officer.

Detajled descriptions of quality assurance programs are avail-
able."”

The QC guidelines discussed in 9020B and 9020C are recom-
mended as useful source material, but all elements need to be
addressed in developing a QA program.

5. References

L. Gasky, JE. 1992. Quality Assurance in Water Quality Monitoring.
Inland Water Directorate, Conservation & Protection, Ottawa, Ont.,
Canada.

2. Ratuwr, T.A., Jr. 1990. The Laboratory Quality Assurance System.
A Manual of Quality Procedures with Related Forms. Van Nostrand
Reinhold, New York, N.Y.

3. GarreLp, F.M. 1984. Quality Assurance Principles of Analytical
Laboratories. Assoc. Official Analytical Chemists, Arlington, Va.

4. Dux, J.P. 1983. Quality assurance in the analytical laboratory. Amer.
Lab. 26:54.

Intralaboratory Quality Control Guidelines

1. Personnel

Microbiological testing should be performed by a professional
microbiologist or technician trained in environmental microbi-
ology whenever possible. If not, a professional microbiologist
should be available for guidance. Train and evaluate the analyst
in basic laboratory procedures. The supervisor periodically
should review procedures of sample collecting and handling,
media and glassware preparation, sterilization, routine analytical
testing, counting, data handling, and QC techniques to identify
and eliminate problems. Management should assist laboratory
personnel in obtaining additional training and course work to
advance their skills and career.
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TasLe 9020:1. Key QuarLity CoNTrROL PRACTICES

MICROBIOLOGICAL EXAMINATION (2000)

Ttem Action Frequency Further Information in Section 9020B. 4
Reagent water Monitor guality See Table 9020:11
Bench surface Monitor for contamination Weekly Ze
Air in workplace Monitor bacterial density Monthly 2e
Thermometers Check accuracy Semiannually 3a
Balances and weights Check accuracy Monthly 3b
Balances Service and recalibrate Annually 3h
pH meter Standardize Each use 3¢
Check against another meter Monthly Je
Media-dispensing apparatus Check volume accuracy Each use 3f
Hot-air oven Check performance Monthly 3g
Autoclave Check performance Monthly 3h. 4i2)
Refrigerator Check temperature Daily 3i
Freezer Check temperature Daily 3j
Defrost Semiannually 3;
Membrane filtration equipment Check for leaks and surface scratches Each use 3k
UV lamps Test with UV meter Quarterly 31
Biohazard hood Monitor air and UV lamps Monthly 3m
Inspect for airflow Quarterly 3m
Incubator Check temperature Twice daily 3n and o
Microscope Clean optics and stage Each use 3p
Glassware Inspect for cleanliness, chips, and etching Each use 4a
Check pH Each batch 4al)
Conduct inhibitory residue test Annually 4a2)
Dilution water bottles Check pH and volume Each use 4c
Media Check pH and appearance Each use 4il)
Plate counts Perform duplicate analyses Weekly Bad)
Repeat counts Monthly 8a2)

2. Facilities

a. Venrilation: Plan well-ventilated laboratories that can be
maintained free of dust, drafts, and extreme temperature
changes. Whenever possible, laboratories should have air con-
ditioning to reduce contamination, permit more stable operation
of incubators, and decrease moisture problems with media and
instrumentation.

b. Space utilization: Design and operate the laboratory to
minimize through traffic and visitors, with a separate area for
preparing and sterilizing media, glassware, and equipment. Use
a vented laminar-flow hood for dispensing and preparing sterile
media, transferring microbial cultures, or working with patho-
genic materials. In smaller laboratories it may be necessary,
although undesirable, to carry out these activities in the same
rOOm.

c. Laboratory bench areas: Provide at least 2 m of linear
bench space per analyst and additional areas for preparation and
support activities. For stand-up work, typical bench dimensions
are 90 to 97 em high and 70 to 76 cm deep. For sit-down
activities such as microscopy and plate counting, benches are 75
to 80 cm high. Specify bench tops of stainless steel, epoxy
plastic, or other smooth, impervious surface that is inert and
corrosion-resistant, has a minimum number of seams, and has
adequate sealing of any crevices. Install even, glare-free lighting
with about 1000 lux (100 ft-candles) intensity at the working
surface.

d. Walls and floors: Assure that walls are covered with a
smooth finish that is easily cleaned and disinfected. Specify

floors of smooth concrete, vinyl, asphalt tile, or other impervi-
ous, sealed washable surfaces.

e. Work-area monitoring: Maintain high standards of clean-
liness in work areas. Monitor air, at least monthly, with air
density plates. The number of colonies on the air density plate
test should not exceed 160/m*/15 min exposure (15 colonies/
plate/15 min).

Plate or the swab method' can be used weekly or more
frequently to monitor bench surface contamination. Although
uniform limits for bacterial density have not been set, each
laboratory can use these tests to establish a base line and take
action on a significant increase.

[ Laboratory cleanliness: Regularly clean laboratory rooms
and wash benches, shelves, floors, and windows. Wet-mop floors
and (reat with a disinfectant solution; do not sweep or dry-mop.
Wipe bench tops and treat with a disinfectant before and after
use. Do not permit laboratory to become cluttered.

3. Laboratory Equipment and Instrumentation

Verify that each item of equipment meets the user’s needs for
precision and minimization of bias. Perform equipment mainte-
nance on a regular basis as recommended by the manufacturer or
obtain preventive maintenance contracts on autoclave, balances,
microscopes, and other equipment. Directly record all quality
control checks in a permanent log book.

Use the following quality control procedures:

a. Thermometer/temperature-recording instruments: Check
accuracy of thermometers or temperature-recording instruments
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semiannually against a certified National Institute of Standards
and Technology (NIST) thermometer or one traceable to NIST
and conforming to NIST specifications. For general purposes use
thermometers graduated in increments of 0.5°C or less. Maintain
in- water or glycerol for air incubators and refrigerators and
glycerol for freezers and seal in a flask. For a 44.5°C water bath,
use a submersible thermometer graduated to 0.2°C or less.
Record temperature check data in a quality control log. Mark the
necessary NIST calibration corrections on each thermometer and
incubator, refrigerator, or freezer. When possible, equip incuba-
tors and water baths with temperature-recording instruments that
provide a continuous record of operating temperature.

b. Balances: Follow manufacturer’s instructions in operation
and routine maintenance of analytical and top-loading balances.
Balances should be serviced and recalibrated by a manufacturer
technician annually or more often as conditions change or prob-
lems occur. In weighing 2 g or less, use an analytical balance
with a sensitivity less than 1 mg at a 10-g load. For larger
quantities use a pan balance with sensitivity of 0.1 g at a 150-g
load.

Wipe balance before use with a soft brush. Clean balance pans
after use and wipe spills up immediately with a laboratory tissue.
Inspect weights with each use and replace if corroded. Use only
a plastic-tip forceps to handle weights. Check balance and work-
ing weights monthly against a set of reference weights (ANSI/
ASTM Class 1 or NIST Class S) for accuracy, precision, and
linearity.* Record results.

¢. pH merer: Use a meter graduated in 0.1 pH units or less,
that includes temperature compensation. Preferably use digital
meters and commercial buffer solutions. With each use, stan-
dardize meter with two buffers that bracket the pH of interest and
record. Date buffer solutions when opened and check monthly
against another pH meter. Discard solution after each use and
replace buffer supply before expiration date. For full details of
pH meter use and maintenance, see Section 4500-H™ .

d. Water purification system: Commercial systems are avail-
able that include some combination of prefiltration, activated
carbon, mixed-bed resins, and reverse-osmosis with final filtra-
tion to produce a reagent-grade water. The life of such systems
can be extended greatly if the source water is pretreated by
distillation or by reverse osmosis to remove dissolved solids.
Such systems tend to produce the same quality water until resins
or activated carbon are near exhaustion and quality abruptly
becomes unaceeptable. Some deionization components are avail-
able now that autematically regenerate the ion exchange resins.
Do not store reagent water unless a commercial UV irradiation
devige is installed and is confirmed to maintain sterility.

Monitor reagent water continuously or daily with a calibrated
conductivity meter and analyze at least annually for trace metals.
Replace cartridges at intervals recommended by the manufac-
turer based on the estimated usage and source water quality. Do
not wait for column failure. If bacteria-free water is desired,
include aseptic final filtration with a 0,22-wm-pore membrane
filter and collect in a sterile container. Monitor treated water for
contamination and replace the filter as necessary.

e. Water still: Stills produce water of a good grade that
characteristically deteriorates slowly over time as corrosion,
leaching, and fouling occur. These conditions can be controlled
with proper maintenance and cleaning. Stills efficiently remove
dissolved substances but not dissolved gases or volatile organic

chemicals. Freshly distilled water may contain chlorine and
ammonia (NH;). On storage, additional NH; and CO; are ab-
sorbed from the air. Use softened water as the source water to
reduce frequency of cleaning the still. Drain and clean still and
reservoir according to manufacturer’s instructions and usage.

f Media dispensing apparatus: Check accuracy of volumes
dispensed with a graduated cylinder at start of each volume
change and periodically throughout extended runs. If the unit is
used more than once per day, pump a large volume of hot reagent
water through the unit to rinse between runs. Correct leaks, loose
connections, or malfunctions immediately. At the end of the
work day, break apparatus down into parts, wash, rinse with
reagent water, and dry. Lubricate parts according to manufac-
turer’s instructions or at least once per month.

g. Hot-air oven: Test performance monthly with commer-
cially available Bacillus subtilis spore strips or spore suspen-
sions. Monitor temperature with a thermometer accurate in the
160 to 180°C range and record results. Use heat-indicating tape
to identify supplies and materials that have been exposed to
sterilization temperatures.

h. Autoclave: Record items sterilized, temperature, pressure,
and time for each run. Optimally use a recording thermometer.
Check and record operating temperature weekly with a mini-
mum/maximum thermometer. Test performance with Bacillus
stearothermophilus: spore strips, suspensions, or capsules
monthly. Use heat-indicating tape to identify supplies and ma-
terials that have been sterilized.

i. Refrigerator: Maintain temperature at 1 to 4°C. Check and
record temperature daily and clean monthly. Identify and date
materials stored. Defrost as required and discard outdated mate-
rials quarterly.

J. Freezer: Maintain temperature at —20°C to —30°C. Check
and record temperature daily. A recording thermometer and
alarm system are highly desirable. Identify and date materials
stored. Defrost and clean semiannually; discard outdated mate-
rials.

k. Membrane filtration equipment: Before use, assemble fil-
tration units and check for leaks. Discard units if inside surfaces
are scratched. Wash and rinse filtration assemblies thoroughly
after use, wrap in nontoxic paper or foil, and sterilize.

I. Ultraviolet lamps: Disconnect lamps monthly and clean
bulbs with a soft cloth moistened with ethanol. Test lamps
quarterly with an appropriate (short- or long-wave) UV light
meter* and replace bulbs if output is less than 70% of the
original. For short-wave lamps used in disinfecting work areas,
expose plate count agar spread plates containing 200 to 300
arganisms of interest, for 2 min. Incubate plates at 35°C for 48 h
and count colonies. Replace bulb if count is not reduced 99%.

CauTion: Although short-wave (254-nm) UV light is known to
be more dangerous than long-wave UV (365-nm), both types of
UV light can damage eyes and skin and potentially are carci-
nogenic.” Protect eyes and skin from exposure to UV light. (See
Section 1090B.)

m. Biohazard hood: Once per month expose plate count agar
plates to air flow for 1 h. Incubate plates at 35°C for 48 h and
examine for contamination. A properly operating biohazard hood

* Fisher Scientific, short wave meter (Cat. No. 11-924-54) and long wave meter
(Cat. No. 11-984-53), Pittsburgh, PA 15219-4785. or equivalent.
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should produce no growth on the plates. Disconnect UV lamps
and clean monthly by wiping with a soft cloth moistened with
ethanol. Check lamps’ efficiency as specified above. Inspect
cabinet for leaks and rate of air flow quarterly. Use a pressure
monitoring device to measure efficiency of hood performance.
Have laminar-flow safety cabinets containing HEPA filters ser-
viced by the manufacturer. Maintain hoods as directed by the
manufacturer.

n. Water bath incubator: Yerify that incubators maintain test
temperature, such as 35 = 0.5°C or 44.5 = 0.2°C. Keep an
appropriate thermometer (| 3a. above) immersed in the water
hath; monitor and record temperature twice daily (morning and
afternoon), For optimum operation, equip water bath with a
gable cover. Use only stainless steel, plastic-coated, or other
corrosion-proof racks. Clean bath as needed.

o. Incubator (air, water jacketed, or aluminum block): Verify
that incubators maintain appropriate test temperatures. Also,
verify that cold samples are incubated at the test temperature for
the required time. Check and record temperature twice daily
(morning and afternoon) on the shelves in use, If a glass ther-
mometer is used. submerge bulb and stem in water or glycerine
to the stem mark. For best results use a recording thermometer
and alarm system. Place incubator in an area where room tem-
perature is maintained between 16 and 27°C (60 to 80°F).

p. Microscopes: Use lens paper Lo clean optics and stage after
cach use. Cover microscope when not in use.

Permit only trained technicians to use fluorescence micro-
scope and light source. Monitor fluorescence lamp with a light
meter and replace when a significant loss in fluorescence is
observed. Log lamp operation time, efficiency, and alignment.
Periodically check lamp alignment, particularly when the bulb
has been changed; realign if necessary. Use known positive 4 +
Auorescence slides as controls.

4. Laboratory Supplies

a. Glassware: Before each use, examine glassware and dis-
card items with chipped edges or etched inner surfaces. Partic-
ularly examine screw-capped dilution bottles and flasks for
chipped edges that could leak and contaminate the analyst and
the area. Inspect glassware after washing for excessive water
beading and rewash if necessary. Make the following tests for
clean glassware as necessary:

1) pH check—Because some cleaning solutions are difficult
to remove completely, spot check batches of clean glassware for
pH reaction. especially if soaked in alkali or acid. To test ¢lean
glassware for an alkaline or acid residue add a few drops of
0.04% bromthymol blue (BTB) or other pH indicator and ob-
serve the color reaction. BTB should be blue-green (in the
neutral range).

To prepare 0.04% bromthymol blue indicator solution. add 16
mlL 0.01N NaOH to 0.1 g BTB and dilute to 250 mL with reagent
water.

2) Test for inhibitory residues on glassware and plasticware—
Certain wetting agents or detergents used in washing glassware
may contain bacteriostatic or inhibiting substances that require 6
to 12 rinsings to remove all traces and insure freedom from
residual bacteriostatic action. Perform this test annually and
before using a new supply of detergent. If prewashed, presteril-
ized plasticware is used. test it for inhibitory residues. Although
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the following procedure describes testing of petri dishes for
inhibitory residue, it is applicable to other glass or plasticware.

a) Procedure—Wash and rinse six petri dishes according (o
usual laberatory practice and designate as Group A.

Wash six petri dishes as above, rinse 12 times with successive
portions of reagent water, and designate as Group B.

Rinse six petri dishes with detergent wash water (in use
concentration), and air-dry without further rinsing, and designate
as Group C.

Sterilize dishes in Groups A, B. and C by the usual procedure.

For presterilized plasticware, set up six plastic petri dishes and
designate them as Group D.

Prepare and sterilize 200 mL plate count agar and hold in a 44
to 46°C water bath.

Prepare a culture of E. acrogenes known to contain 50 to 150
colony-forming units/mL. Preliminary testing may be necessary
to achieve this count range. Inoculate three dishes from each test
group with (.1 mL and the other three dishes from each group
with | mL culture.

Analyze the four sets of six plates each, following heterotro-
phic plate count method (Section 9215B), and incubate at 35°C
for 48 h. Count plates with 30 to 300 colonies and record results
as CFU/mL.

b) Interpretation of results—Difference in averaged counts on
plates in Groups A through D should be less than 15% if there
are no toxic or inhibitory effects.

Differences in averaged counts of less than 15% between
Groups A and B and greater than 15% between Groups A and C
indicate that the cleaning detergent has inhibitory properties that
are eliminated during routine washing. Differences between B
and D greater than 15% indicate an inhibitory residue.

b. Utensils and containers for media preparation: Use uten-
sils and containers of borosilicate glass, stainless steel, alumi-
num, or other corrosion-resistant material (see Section 9030). Do
not use copper utensils.

¢. Dilution water bottles: Use scribed bottles made of nonre-
active borosilicate glass or plastic with screwcaps containing
mert liners. Clean before use. Sterile disposable plastic bottles
prefilled with dilution water are available commercially and are
acceptable. Before use of each lot. check pH and volume and
examine sterile bottles of dilution water for a precipitate; discard
if present. Reclean bottles with acid if necessary, and remake the
dilution water. If precipitate repeats. procure a different source
of bottles.

d. Reagent-grade warer quality: The quality of water obtain-
able from a water purilication system differs with the system
used and its maintenance. See 34 and e above. Recommended
limits for reagent water quality are given in Table 9020:11. If
these limits are not met, investigate and correct or change water
source. Although pH measurement of reagent water is charac-
terized by drift. extreme readings are indicative of chemical
contamination.

e. Use test for evaluation of reagent water, media, and mem-
branes: When a new lot of culture medium, membrane filters, or
a new source of reagent-grade water is to be used make com-
parison tests, at least quarterly, of the current lot in use (refer-
ence lot) against the new lot (test lot).

1) Procedure—Use a single batch of control water (redistilled
or distilled water polished by deionization), glassware, mem-
brane filters, or other needed materials to control all variables
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Tasre 9020:11. Quarity oF REAGENT WATER UseD IN MIcrOBIOLOGY TESTING

Test Monitoring Frequency

Maximum Acceptable Limit

Chemical tests:

Conductivity

pH With each use
Total organic carbon Maonthly
Heavy metals, single (Cd, Cr, Cu, Ni, Pb, and Zn) Annually*
Heavy metals, total Annually*
Ammonia/organic nitrogen Monthly

Total chlorine residual

Bacteriological tests:
Heterotrophic plate count (See Section 9215)
Use test (see 4e)

Monthly

Continuously or with each use

Monthly or with each use

Quarterly and for a new source

>0.5 megohms resistance or <2 pumhos/cm at 25°C
5.5-75

<1.0 mg/L

<0.05 mg/L

<0.10 mg/L

<0.10 mg/L

<0.01 mg/L

< 1000 CFU/mL
Student’s 1 = 2.78

*Or more frequently if there is a problem.

except the one factor under study. Make parallel pour or spread
plate or membrane filter plate tests on reference lot and test lot,
according to procedures in Sections 9215 and 9222. As a mini-
mum, make single analyses on five different water samples
positive for the target organism. Replicate analyses and addi-
tional samples can be tested to increase the sensitivity of detect-
ing differences between reference and test lots.

When conducting the use test on reagent water, perform the
quantitative bacterial tests in parallel using a known high-quality
walter as a control water. Prepare dilution/rinse water and media
with new source of reagent and control water. Test water for all
uses (dilution, rinse, media preparation, etc.).

2) Counting and calculations—After incubation, compare
bacterial colonies from the two lots for size and appearance. If
colonies on the test lot plates are atypical or noticeably smaller
than colonies on the reference lot plates, record the evidence of
inhibition or other problem, regardless of count differences.
Count plates and calculate the individual count per 1 mL or per
100 mL. Transform the count to logarithms and enter the log-
transformed results for the two lots in parallel columns. Calcu-
late the difference, d, between the two transformed results for
each sample, including the + or — sign, the mean, d and the
standard deviation s, of these differences (see Section 1010B).

Calculate Student’s 7 statistic, using the number of samples as
n:

d
.Ydf \F;

T

These calculations may be made with various statistical soft-
ware packages available for personal computers.

3) Interpretation—Use the critical 7 value from a Student’s ¢
table for comparison against the calculated value. At the 0.05
significance level this value is 2.78 for five samples (four degrees
of freedom). If the calculated ¢ value does not exceed 2.78, the
lots do not produce significantly different results and the test lot
is acceptable. If the calculated ¢ value exceeds 2.78, the lots
produce significantly different results and the test lot is unac-
ceptable.

IT the colonies are atypical or noticeably smaller on the test lot
or the Student’s t exceeds 2.78, review test conditions, repeat the
test, and/or reject the test lot and obtain another one.

f. Reagents: Because reagents are an integral part of micro-
biological analyses, their quality must be assured. Use only
chemicals of ACS or equivalent grade because impurities can
inhibit bacterial growth, provide nutrients, or fail to produce the
desired reaction. Date chemicals and reagents when received and
when first opened for use. Make reagents to volume in volumet-
ric flasks and transfer for storage to good-quality inert plastic or
borosilicate glass bottles with borosilicate, polyethylene, or other
plastic stoppers or caps. Label prepared reagents with name and
concentration, date prepared, and initials of preparer. Include
positive and negative control cultures with each series of cultural
or biochemical tests.

g. Dyes and stains: In microbiological analyses, organic
chemicals are used as selective agents (e.g., brilliant green), as
indicators (e.g., phenol red), and as microbiological stains (e.g.,
Gram stain). Dyes from commercial suppliers vary from lot to lot
in percent dye, dye complex, insolubles, and inert materials.
Because dyes for microbiology must be of proper strength and
stability to produce correct reactions, use only dyes certified by
the Biological Stain Commission. Check bacteriological stains
before use with at least one positive and one negative control
culture and record results.

h. Membrane filters and pads: The quality and performance
of membrane filters vary with the manufacturer, type, brand, and
lot. These variations result from differences in manufacturing
methods, materials, quality control, storage conditions, and ap-
plication.

1) Membrane filters and pads for water analyses should meet
the following specifications:

a) Filter diam 47 mm, mean pore diam 045 pm. Alternate
filter and pore sizes may be used if the manufacturer provides
data verifying performance equal to or better than that of 47-
mm-diam, 0.45-pm-pore size filter. At least 70% of filter area
must be pores.

b) When filters are floated on reagent water, the water diffuses
uniformly through the filters in 15 s with no dry spots on the
filters.

¢) Flow rates are at least 55 mL/minfcm? at 25°C and a
differential pressure of 93 kPa.

d) Filters are nontoxic, free of bacterial-growth-inhibiting or
stimulating substances, and free of materials that directly or
indirectly interfere with bacterial indicator systems in the me-
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dium; ink grid is nontoxic. The arithmetic mean of five counts on
filters must be at least 90% of the arithmetic mean of the counts
on five agar spread plates using the same sample volumes and
agar media.

@) Filters retain the organisms from a 100-mL suspension of
Serratia marcescens containing 1 X 107 cells.

f) Water-extractables in filter do not exceed 2.5% after the
membrane is boiled in 100 mL reagent water for 20 min, dried,
cooled, and brought to constant weight.

2) Absorbent pad has diam 47 mm, thickness 0.8 mm, and is
capable of absorbing 2.0 * 0.2 mL Endo broth.

h) Pads release less than 1 mg total acidity calculated as
CaCO; when titrated to the phenolphthalein end point with
0.02N NaOH.

i) If filter and absorbent pad are not sterile, they should not be
degraded by sterilization at 121°C for 10 min. Confirm sterility
by absence of growth when a membrane filter is placed on a pad
saturated with tryptone glucose extract broth or tryptone glucose
extract agar and incubated at 35 £ 0.5°C for 24 h.

J) Some lots of membrane filters yield low recoveries, poor
differentiation, or malformation of colonies due (o toxicity,
chemical composition, or structural defects.® Perform the use test
(] 4e) on new lots of filters.

2) Standardized tests:

Standardized tests are available for evaluating retention, re-
covery, extractables, and flow rate characteristics of membrane
filters.”

Some manufacturers provide information beyond that required
by specifications and certify that their membranes are satisfac-
tory for water analysis. They report retention, pore size, flow
rate, sterility, pH, percent recovery, and limits for specific inor-
ganic and organic chemical extractables. Although the standard
membrane filter evaluation tests were developed for the manu-
facturers, a laboratory can conduct its own tests.

To maintain quality control inspect each lot of membranes
before use and during testing to insure they are round and
pliable, with undistorted gridlines after autoclaving. After incu-
bation, colonies should be well-developed with well-defined
color and shape as defined by the test procedure. The gridline ink
should not channel growth along the ink line nor restrict colony
development. Colonies should be distributed evenly across the
membrane surface.

i. Culture media: Because cultural methods depend on prop-
erly prepared media, use the best available materials and tech-
niques in media preparation, storage, and application. For control
of quality, use commercially prepared media whenever available
but note that such media may vary in quality among manufac-
turers and even from lot to lot from the same manufacturer.

Order media in quantities to last no longer than 1 year. Use
media on a first-in, first-out basis. When practical, order media in
quarter pound (114 g) multiples rather than one pound (454 g)
bottles, to keep the supply sealed as long as possible. Record
kind, amount, and appearance of media received, lot number,
expiration date, and dates received and opened. Check inventory
quarterly for reordering.

Store dehydrated media at an even temperature in a cool dry
place, away from direct sunlight. Discard media that cake, dis-
color, or show other signs of deterioration. If expiration date is
given by manufacturer, discard unused media after that date. A

MICROBIOLOGICAL EXAMINATION (3000)

conservative time limit for unopened bottles is 2 years at room
temperature. Compare recovery of newly purchased lots of me-
dia against proven lots, using recent pure-culture isolates and
natural samples.

Use opened bottles of media within 6 months., Dehydrated
media are hygroscopic. Protect opened bottles from moisture.
Close bottles as tightly as possible, immediately after use, If
caking or discoloration of media occurs, discard media. Store
opened bottles in a dessicator.

1) Preparation of media—Prepare media in containers that are
at least twice the volume of the medium being prepared. Stir
media, particularly agars, while heating. Avoid scorching or
boil-over by using a boiling water bath for small batches of
media and by continually attending to larger volumes heated on
a hot plate or gas burner. Preferably use hot plate-magnetic
stirrer combinations. Label and date prepared media, Prepare
media in reagent water. Measure water volumes and media with
graduates or pipets conforming to NIST and APHA standards,
respectively. Do not use blow-out pipets. After preparation and
storage, remelt agar media in boiling water or flowing steam.

Check and record pH of a portion of each medium after
sterilization and cooling. Check pH of solid medium with a
surface probe. Record results. Make minor adjustments in pH
(<0.5 pH units) with IN NaOH or HCI solution to the pH
specified in formulation. If the pH difference is larger than 0.5
units, discard the batch and check preparation instructions and
pH of reagent water to resolve the problem. Incorrect pH values
may be due to reagent water quality, medium deterioration, or
improper preparation. Review instructions for preparation and
check water pH. If water pH is unsatisfactory, prepare a new
batch of medium using water from a new source (see 9020B.3d4
and e). If water is satisfactory, remake medium and check; if pH
is again incorrect, prepare medium from another bottle.

Record pH problems in the media record book and inform the
manufacturer if the medium is indicated as the source of error,
Examine prepared media for unusual color, darkening, or pre-
cipitation and record observations. Consider variations of steril-
ization time and temperature as possible causes for problems. If
any of the above occur, discard the medium.

2) Sterilization—Sterilize media at 121 to 124°C for the min-
imum time specified. A double-walled autoclave permits main-
tenance of full pressure and temperature in the jacket between
loads and reduces chance for heat damage. Follow manufactur-
er’s directions for sterilization of specific media. The required
exposure time varies with form and type of material, type of
medium, presence of carbohydrates, and volume. Table 9020:T11
gives guidelines for typical items. Do not expose media contain-
ing carbohydrates to the elevated temperatures for more than 45
min. Exposure time is defined as the period from initial exposure
to removal from the autoclave.

Some currently available autoclave models are automatic and
include features such as vertical sliding, self-sealing and opening
doors, programmable sterilization cycles, and continuous multi-
point monitoring of chamber temperature and pressure. These
units also may incorporate solution cooling and vapor removal
features. When sterilizer design includes heat exchangers and
solution cooling features as part of a factory-programmed liquid
cycle, strict adherence to the 45-min total elapsed time in the
autoclave is not necessary provided that printout records verify
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TasLe 9020:111. TmME AND TEMPERATURE FOR AUTOCLAVE STERILIZATION

TasrLe 9020:1V. Horping Tmves For PREPARED MEDIA

Material Time at 121°C* Medium Holding Time

Membrane filters and pads 10 min Membrane filter (MF) broth in screw-cap flasks at
Carbohydrate-containing media 4°C 96 h

(lauryl tryptose, BGB broth, etc.) 12-15 min MF agar in plates with tight-fitting covers at 4°C 2 weeks
Contaminated materials and Agar or broth in loose-cap tubes at 4°C 2 weeks

discarded cultures 30 min Agar or broth in tightly closed screw-cap tubes or
Membrane filter assemblies other sealed containers 3 months

(wrapped), sample collection Poured agar plates with loose-fitting covers in

bottles (empty) 15 min sealed plastic bags at 4°C 2 weeks
Buffered dilution water, 99 mL in Large volume of agar in tightly closed screw-cap

screw-cap bottle 15 min flask or bottle at 4°C 3 months

Rinse water, volume > 100 mL Adjust for volume

*Excepl for media, times are guidelines; check for sterility.

normal cycle operation and chamber cooling during exhaust and
vapor removal.

Remove sterilized media from autoclave as soon as chamber
pressure reaches zero, or, if a fully automatic model is used, as
soon as the door opens. Do not reautoclave media.

Check effectiveness of sterilization monthly by placing Bacil-
lus stearothermophilus spore suspensions or strips (commer-
cially available) inside glassware. Sterilize at 121°C for 15 min.
Place in trypticase soy broth tubes and incubate at 55°C for 48 h.
If growth of the autoclaved spores occurs after incubation at
55°C, sterilization was inadequate. A small, relatively inexpen-
sive 55°C incubator is available commercially.t

Sterilize heat-sensitive solutions or media by filtration through
a 0.22-pm-pore-diam filter in a sterile filtration and receiving
apparatus. Filter and dispense medium in a safety cabinet or
biohazard hood if available. Sterilize glassware (pipets, petri
dishes, sample bottles) in an autoclave or an oven at 170°C for
2 h. Sterilize equipment, supplies, and other solid or dry mate-
rials that are heat-sensitive, by exposing to ethylene oxide in a
gas sterilizer. Use commercially available spore strips or sus-
pensions to check dry heat and ethylene oxide sterilization.

3) Use of agars and broths—Temper melted agars in a water
bath at 44 t0 46°C until used but do not hold longer than 3 h. To
monitor agar temperature, expose a bottle of water or medium to
the same heating and cooling conditions as the agar. Insert a
thermometer in the monitoring bottle to determine when the
temperature is 45 to 46°C and suitable for use in pour plates. If
possible, prepare media on the day of use. After pouring agar
plates for streaking, dry agar surfaces by keeping dish slightly
open for at least 15 min in a bacteriological hood to avoid
contamination. Discard unused liquid agar; do not let harden or
remelt for later use.

Handle tubes of sterile fermentation media carefully to avoid
entrapping air in inner tubes, thereby producing false positive
reactions. Examine freshly prepared tubes to determine that gas
bubbles are absent,

4) Storage of media—Prepare media in amounts that will be
used within holding time limits given in Table 9020:1V. Protect
media containing dyes from light; if color changes occur, discard
the media. Refrigerate poured agar plates not used on the day of

T 3M Health Care. St. Paul, MN 55144, or equivalent.

preparation. Seal agar plates with loose-fitting lids in plastic bags
if held more than 2 d. Prepare broth media that will be stored for
more than 2 weeks in screw-cap tubes, other tightly sealed tubes,
or in loose-capped tubes placed in a sealed plastic bag or other
tightly sealed container to prevent evaporation.

Mark liquid level in several tubes and monitor for loss of
liquid. If loss is 10% or more, discard the batch. If media are
refrigerated, incubate overnight at test temperature before use
and reject the batch if false positive responses occur. Prepared
sterile broths and agars available from commercial sources may
offer advantages when analyses are done intermittently, when
staff is not available for preparation work, or when cost can be
balanced against other factors of laboratory operation. Check
performance of these media as described in 5 below.

5) Quality control of prepared media—Maintain in a bound
book a complete record of each prepared batch of medium with
name of preparer and date, name and lot number of medium,
amount of medium weighed, volume of medium prepared, ster-
ilization time and temperature, pH measurements and adjust-
ments, and preparations of labile components. Compare quanti-
tative recoveries of new lots with previously acceptable ones.
Include sterility and positive and negative control culture checks
on all media as described below.

5. Standard Operating Procedures (SOPs)

SOPs are the operational backbone of an analytical laboratory.
SOPs describe in detail all laboratory operations such as prepa-
ration of reagents, reagent water, standards, culture media,
proper use of balances, sterilization practices, and dishwashing
procedures, as well as methods of sampling, analysis, and quality
control. The SOPs are unique to the laboratory. They describe
the tasks as performed on a day-to-day basis, tailored to the
laboratory’s own equipment, instrumentation, and sample types.
The SOPs guide routine operations by each analyst, help to
assure uniform operations, and provide a solid training tool.

6. Sampling

a. Planning: Microbiologists should participate in the plan-
ning of monitoring programs that will include microbial analy-
ses. They can provide valuable expertise on the selection of
sampling sites, number of samples and analyses needed, work-
load, and equipment and supply needs. For natural waters,
knowledge of the probable microbial densities, and the impact of
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season, weather, tide and wind patterns, known sources of pol-
lution, and other variables, are needed to formulate the most
effective sampling plan.

b. Methods: Sampling plans must be specific for each sam-
pling site. Prior sampling guidance can be only general in nature,
addressing the factors that must be considered for each site.
Sampling SOPs describe sampling equipment, techniques, fre-
quency, holding times and conditions, safety rules, etc., that will
be used under different conditions for different sites. From the
information in these SOPs sampling plans will be drawn up.

7. Analytical Methods

a. Method selection: Because minor variations in technique
can cause significant changes in results, microbiological methods
must be standardized so that uniform data result from multiple
laboratories. Select analytical methods appropriate for the sam-
ple type from Standard Methods or other source of standardized
methods and ensure that methods have been validated in a
multilaboratory study with the sample types of interest.

b. Data objectives: Review available methods and determine
which produce data to meet the program’s needs for precision,
bias, specificity, selectivity, and detection limit. Ensure that the
methods have been demonstrated to perform within the above
specifications for the samples of interest.

¢. Internal QC: The written analytical methods should contain
required QC checks of positive and negative control cultures,
sterile blank, replicate analyses (precision), and a known quan-
titative culture, if available.

d. Method SOPs: As part of the series of SOPs, provide each
analyst with a copy of the analytical methods written in step-
wise fashion exactly as they are to be performed and specific to
the sample type, equipment, and instrumentation used in the
laboratory.

8. Analytical Quality Control Procedures

a. General quality control procedures:

1) New methods—Conduct parallel tests with the standard
procedure and a new method to determine applicability and
comparability. Perform at least 100 parallel tests across seasons
of the year before replacement with the new method for routine
use.

2) Comparison of plate counts—For routine performance
evaluation, repeat counts on one or more positive samples at
least monthly and compare the counts with those of other ana-
lysts testing the same samples. Replicate counts for the same
analyst should agree within 5% and those between analysts
should agree within 10%. See 9020B.115 for a statistical calcu-
lation of data precision.

3) Control cultures—For each lot of medium check analytical
procedures by testing with known positive and negative control
cultures for the organism(s) under test. See Table 9020:V for
examples of test cultures.

4) Duplicate analyses—Perform duplicate analyses on 10% of
samples and on at least one sample per test run. A test tun is
defined as an uninterrupted series of analyses. If the laboratory
conducts less than 10 tests/week, make duplicate analyses on at
least one sample each week.

MICROBIOLOGICAL EXAMINATION (9000)

TasLe 9020:V. ConrtroL Curtures For MicrosioLoGical Tests

Control Culture

Group Positive Negative

Staphvlococeus aureus
Pseudomaonas sp.

Escherichia coli
Entervobacter aerogenes

Total coliforms

Fecal coliforms E. coli E. aerogenes
Streptococeus faecalis
Escherichia coli E. coli E. aerogenes

Staphylococcus aureus
E. coli
S. mitis/salivarius

Fecal streptococci  Enterococcus faecalis

Enterococci S. faecalis

5) Sterility checks—For membrane filter tests, check sterility
of media, membrane filters, buffered dilution and rinse water,
pipets, flasks and dishes, and equipment as a minimum at the end
of each series of samples, using sterile reagent water as the
sample. If contaminated, check for the source. For multiple-tube
and presence-absence procedures, check sterility of media, dilu-
tion water, and glassware. To test sterility of media, incubate a
representative portion of each batch at an appropriate tempera-
ture for 24 to 48 h and observe for growth. Check each batch of
buffered dilution water for sterility by adding 20 ml water to
100 mL of a nonselective broth. Alternatively, aseptically pass
100 mL or more dilution water through a membrane filter and
place filter on growth medium suitable for heterotrophic bacteria.
Incubate at 35 = 0.5°C for 24 h and observe for growth. If any
contamination is indicated, determine the cause and reject ana-
lytical data from samples tested with these materials. Request
immediate resampling and reanalyze.

b. Precision of quantitative methods: Calculate precision of
duplicate analyses for each different type of sample examined,
for example, drinking water, ambient water, wastewater, etc.,
according to the following procedure:

1) Perform duplicate analyses on first 15 positive samples of
each type, with each set of duplicates analyzed by a single
analyst. If there is more than one analyst, include all analysts
regularly running the tests, with each analyst performing approx-
imately an equal number of tests. Record duplicate analyses as
D, and D,.

2) Calculate the logarithm of each result. If either of a set of
duplicate results is <1, add 1 to both values before calculating
the logarithms.

3) Calculate the range (R) for each pair of transformed dupli-
cates as the mean (R) of these ranges.

See sample calculation in Table 9020:VI.

4) Thereafter, analyze 10% of routine samples in duplicate.
Transform the duplicates as in Y 2) and calculate their range. If
the range is greater than 3.27 R, there is greater than 99%
probability that the laboratory variability is excessive. Determine
if increased imprecision is acceptable; if not, discard all analyt-
ical results since the last precision check (see Table 9020:VII).
Identify and resolve the analytical problem before making fur-
ther analyses.

5) Update the criterion used in { 4) by periodically repeating
the procedures of s 1) through 3) using the most recent sets of
15 duplicate results.
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Tasre 9020:VI. CaLcuLaTioN oF Precision CRITERION

Duplicate Logarithms of Ringe of
Sarple Analyses Counts Logarithms (R,,,)
No. O %5 I L Gy~ £3)
1 89 71 1.9494 1.8513 0.0981
2 38 34 1.5798 1.5315 0.0483
3 58 67 1.7634 1.8261 0.0627
14 T 6 0.8451 0.7782 0.0669
15 110 121 2.0414 2.0828 0.0414

Calculations:
1) % of Ry, = 0.0981 + 0.0483 + 0.0627 + ... + 0.0669 + 0.0414

= (0.718 89
- 3R 0.718 89
2) g =loe DIIEES 0.0479
n 15

3) Precision criterion = 3.27 R = 3.27 (0.0479) = 0.1566

9. Verification

For the most part, the confirmation/verification procedures for
drinking water differ from those for other waters because of
specific regulatory requirements.

a. Multiple-tube fermentation (MTF) methods:

1) Total coliform procedure (9221B)

a) Drinking water—Carry samples through confirmed phase
only. Verification is not required. For QC purposes, if normally
there are no positive results, analyze at least one positive source
water quarterly to confirm that the media produce appropriate
responses. For samples with a history of heavy growth without
gas in presumptive-phase tubes, carry the tubes through the
confirmed phase to check for false negative responses for coli-
form bacteria. Verify any positives for fecal coliforms or E. coli.

b) Other water types—Verify by performing the completed
MTF Test on 10% of samples positive through the confirmed
phase.

2) Enzyme substrate coliform test (total coliform/E. coli)
(9223B)

a) Drinking water—Verify at least 5% of total coliform pos-
itive results from enzyme substrate coliform tests by inoculating
growth from a known positive sample and testing for lactose
fermentation or for B-p-galactopyranosidase by the o-nitrophenyl-

TasLe 9020:VIL. DaiLy Crecks oN Precision oF DupLicate Counts*

Duplicate Logarithms
D ¢ Analyses of Counts R Acceptance
ate o ange of  of Ranget
Analysis D) Dj Ly L, Logarithms
8/29 71 65 1.8513 1.8129 0.0383 A
8/30 110 121 2.0414 2.0828 0.0414 A
6/31 73 30 1.8633 1.6990 0.1643 U

* Precision criterion = (3.27R) = 0.1566.
T A = acceptable; U = unacceptable.

B-p-galactopyranoside (ONPG) test and indophenol by the cyto-
chrome oxidase (CO) test. See 9225D for these tests. Coliforms are
ONPG-positive and cytochrome-oxidase-negative. Verify E. coli
using the EC MUG test (see 9221F).

b) Other water types—Verify at least 10% of total coliform
positive samples as in | 24 above.

3) Fecal streptococei procedure—Verify as in 9230C.5.
Growth of catalase-negative, gram-positive cocci on bile esculin
agar at 35°C and in brain-heart infusion broth at 45°C verifies the
organisms as fecal streptococci. Growth at 45°C and in 6.5%
NaCl broth indicates the streptococci are members of the entero-
coccus group.

4) Include known positive and negative pure cultures as a QC
check.

b. Membrane filter methods:

1) Total coliform procedures

a) Drinking water—Pick all, up to 5 typical and 5 atypical
(nonsheen) colonies from positive samples on M-Endo medium
and verify as in 9222B.5f. Also verify any positives for fecal
coliforms or E. coli. If there are no positive samples, test at least
one known positive source water quarterly,

b) Other water types—Verify positives monthly by picking at
least 10 sheen colonies from a positive water sample as in
9222B.5f. Adjust counts based on percent verification.

¢) To determine false negatives, pick representative atypical
colonies of different morphological types and verify as in
0222B.5f.

2) Fecal coliform procedure

a) Verify positives monthly by picking at least 10 blue colo-
nies from one positive sample. Verify in lauryl tryptose broth
and EC broth as in 9221B.1 and 9221E. Adjust counts based on
percent verification.

b) To determine false negatives, pick representative atypical
colonies of different morphological types and verify as in
9221B.3 and 9221E.

3) Escherichia coli procedure

a) Drinking water—Verify at least 5% of MUG-positive and
MUG-negative results. Pick from well-isolated sheen colonies
that fluoresce on nutrient agar with MUG (NA-MUG), taking
care not to pick up medium, which can cause a false positive
response. Also verify nonsheen colonies that fluoresce. Verify by
performing the citrate test and the indole test as described in
9225D, but incubate indole test at 44.5°C. E. coli are indole-
positive and yield no growth on citrate.

b) Other water types—Verify one positive sample monthly as
in | a) above. Adjust counts based on percentage of verification.

4) Fecal streptococci procedure—Pick to verify monthly at
least 10 isolated esculin-positive red colonies from m-Entero-
coccus agar to brain heart infusion (BHI) media. Verify as
described in 9230C. Adjust counts based on percentage of ver-
ification.

5) Enterococci procedures—Pick to verify monthly at least
10 well-isolated pink to red colonies with black or reddish-
brown precipitate from EIA agar. Transfer to BHI media as
described in 9230C. Adjust counts based on percentage of
verification.

6) Include known positive and negative pure cultures as a
quality control check.
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10. Documentation and Recordkeeping

a. QA plan: The QA program documents management’s com-
mitment to a QA policy and sets forth the requirements needed
[0 support program objectives. The program describes overall
policies, organization, objectives, and functional responsibilities
for achieving the quality goals. In addition, the program should
develop a project plan that specifies the QC requirements for
each project. The plan specifies the QC activities required to
achieve the data representativeness, completeness, comparabil-
ity, and compatibility. Also, the QA plan should include a
program implementation plan that ensures maximum coordina-
tion and integration of QC activities within the overall program
(sampling, analyses, and data handling).

b. Sampling records: A written SOP for sample handling
records sample collection, transfer, storage, analyses, and dis-
posal. The record is most easily kept on a series of printed forms
that prompt the user to provide all the necessary information. It
is especially critical that this record be exact and complete if
there is any chance that litigation may occur. Such record sys-
tems are called chain of custody. Because laboratories do not
always know whether analytical results will be used in future
litigation, some maintain chain of custody on all samples. Details
on chain of custody are available in Section 1060B and else-
where.'

c. Recordkeeping: An acceptable recordkeeping system pro-
vides needed information on sample collection and preservation,
analytical methods, raw data, calculations through reported re-
sults, and a record of persons responsible for sampling and
analyses. Choose a format agreeable to both the laboratory and
the customer (the data user). Ensure that all data sheets are
signed and dated by the analyst and the supervisor. The prefer-
able record form is a bound and page-numbered notebook, with
entries in ink and a single line drawn through any change with
the correction entered next to it.

Keep records of microbiological analyses for at least 5 years.
Actual laboratory reports may be kept, or data may be transferred
to tabular summaries, provided that the following information is
included: date, place, and time of sampling; name of sample
collector; identification of sample; date of receipt of sample and
analysis; person(s) responsible for performing analysis; analyti-
cal method used; the raw data; and the calculated results of
analysis. Verify that each result was entered correctly from the
bench sheet and initialed by the analyst. If an information storage
and retrieval system is used, double check data on the printouts.

11. Data Handling

a. Distribution of bacterial populations: In most chemical
analyses the distribution of analytical results follows the Gauss-
ian curve, which has symmetrical distribution of values about the
mean (see Section 1010B). Microbial distributions are not nec-
essarily symmetrical. Bacterial counts often are characterized as
having a skewed distribution because of many low values and a
few high ones. These characteristics lead to an arithmetic mean
that is considerably larger than the median. The frequency curve
of this distribution has a long right tail, such as that shown in
Figure 9020:1, and is said to display positive skewness.

Application of the most rigorous statistical techniques requires
the assumption of symmetrical distributions such as the normal

MICROBIOLOGICAL EXAMINATION (9000)

Frequency

Quantity Measured

Figure 9020:1. Frequency curve (positively skewed distribution).

curve, Therefore it usually is necessary to convert skewed data
so that a symmetrical distribution resembling the normal distri-
bution results. An approximately normal distribution can be
obtained from positively skewed data by converting numbers to
their logarithms, as shown in Table 9020:VIIL. Comparison of
the frequency tables for the original data (Table 9020:IX) and
their logarithms (Table 9020:X) shows that the logarithms ap-
proximate a symmetrical distribution.

b. Central tendency measures of skewed distribution: If the
logarithms of numbers from a positively skewed distribution are
approximately normally distributed, the original data have a
log-normal distribution. The best estimate of central tendency of
log-normal data is the geometric mean, defined as:

To= Ul - (5

and
g’ E (log x;)
log x, = R

that is, the geometric mean is equal to the antilog of the

Tasce 9020: VI, Covrorm Counts AND THEIR LOGARITHMS

MPN
Coliform Count
No./100 mL log MPN
11 1.041
27 1.431
36 1.556
48 1.681
80 1.903
85 1.929
120 2.079
130 2.114
136 2.134
161 2.207
317 2.501
601 2.779
760 2.881
1020 3.009
3100 3.491
X =442 X, = antilog 2.1825 =152
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TasLe 9020:IX. ComparisoN oF FREQUENCY oF MPN Darta

Class Interval

0to 400 1
400 to 800
800 to 1200
1200 to 1600
1600 to 2000
2000 to 2400
2400 to 2800
2800 to 3200

Frequency (MPN)

COOCO O =N —

arithmetic mean of the logarithms. For example, the following
means calculated from the data in Table 9020:VIII are dras-
tically different.

log = 2.1825

_ _ X(ogx) 32737
SIS ey 15

geometric mean

X, = antilog (2.1825) = 152

and arithmetic mean

2

n

F=io T

6632
15

Therefore, although regulations or tradition may require or
cause microbiological data to be reported as the arithmetic mean
or median, the preferred statistic for summarizing microbiolog-
ical monitoring data is the geometric mean. An exception may be
in the evaluation of data for risk assessment. The arithmetic
mean may be a better measure for this purpose because it may
generate a higher central tendency value and possibly provide a
greater safety factor.®

TasLe 9020:X. CoMPARISON OF FREQUENCY oF Log MPN DaTta

Class Interval Frequency (log MPN)

1.000 to 1.300
1.300 to 1.600
1.600 to 1.900
1.900 to 2.200
2.200 to 2.500
2.500 to 2.800
2.800 to 3.100
3.100 to 3.400
3.400 to 3.700

H O RRN =W =D e

¢. “Less than” (<) values: There has always been uncertainty
as to the proper way to include “less than” values in calculation
and evaluation of microbiological data because such values
cannot be ftreated statistically without modification. Proposed
modifications involve changing such numbers to zero, choosing
values halfway between zero and the “less than™ value, or
assigning the “less than” value itself, i.e., changing <1 values to
L, %, or 0.

There are valid reasons for not including << values, whether
modified or not. If the database is fairly large with just a few <
values, the influence of these uncertain values will be minimal
and of no benefit. If the database is small or has a relatively large
number of < values, inclusion of modified < values would exert
an undue influence on the final results and could result in an
artificial negative or positive bias. Including < values is partic-
ularly inappropriate if the < values are <100, <1000, or higher
because the unknown true values could be anywhere from 0 to
99, 0 to 999, etc. When < values are first noted, adjust or expand
test volumes. The only exception to this caution would be
regulatory testing with defined compliance limits, such as the
<1/100 mL values reported for drinking water systems where
the 100-mL volume is required.
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9020 C.

1. Background

Interlaboratory QC programs are a means of establishing an
agreed-upon, common performance criteria system that will as-
sure an acceplable level of data quality and comparability among
laboratories with similar interests and/or needs.

These sysiems may be volunteer, such as that for the cities in
the Ohio River Valley Water Sanitation Commission (OR-
SANCQ), or regulatory, such as the Federal Drinking Water
Laboratory Certification Program (see below). Often. the term
“accreditation™ is used interchangeably with certification. Usu-
ally, interlaboratory quality control programs have three ele-
ments: uniform criteria for laboratory operations. external review
of the program, and external proficiency testing.

2. Uniform Criteria

Interlaboratory quality control programs begin as a volunteer
or mandatory means of establishing uniform laboratory stan-
dards for a specific purpose. The participants may be {rom one
organization or a group of organizations having common inter-
ests or falling under common regulations. Often one group or
person may agree to draft the criteria. If under regulation, the
regulating authority may set the criteria for compliance-moni-
toring analyses.

Uniform sampling and analytical methods and quality control
criteria for personnel, facilities, equipment, instrumentation, sup-
plies, and data handling and reporting are proposed, discussed,
reviewed, modified if necessary, and approved by the group for
common use. Criteria identified as necessary for acceptable data
quality should be mandatory. A formal document is prepared and
provided to all participants.

The QA/QC responsibilities of management, supervisors, and
technical staff are described in 9020A. In large laboratories, a
QA officer is assigned as a staff position but may be the super-
visor or other senior person in smaller laboratories.

After incorporation into laboratory operations and confirma-
tion that the QA program has been adapted and is in routine use,
the laboratory supervisor and the QA officer conduct an internal
program review of all operations and records for acceptability, to
identify possible problems and assist in their resolution. If this is
done properly, there should be little concern that subsequent
external reviews will find major problems.

3. External Program Review

Once a laboratory has a QA program in place. management
informs the organization and a qualified external QA person or

MICROBIOLOGICAL EXAMINATION (9000)

Interlaboratory Quality Control

team arranges an on-site visit to evaluate the QA program for
acceptability and to work with the laboratory to solve any
problems. An acceptable rating confirms that the laboratory’s
QA program is operating properly and that the laboratory has the
capability of generating valid defensible data. Such on-gite eval-
uations are repeated and may be announced or unannounced,

4. External Proficiency Testing

Whenever practical, the external organization conducts formal
performance evaluation studies among all participant laborato-
ries. Challenge samples are prepared and sent as unknowns on a
set schedule for analyses and reporting of results. The reported
data are coded for confidentiality and evaluated according to an
agreed-upon scheme. The results are summarized for all labora-
tories and individual laboratory reports are sent to participants.
Results of such studies indicate the quality of routine analyses of
each laboratory as compared to group performance. Also. resulls
of the group as a whole characterize the performance that can be
expected for the analytical methods tested.

5. Example Program

In the Federal Drinking Water Luaboratory Certification Pro-
gram. public water supply laboratories must be certified accord-
ing to minimal criteria and procedures and quality assurance
described in the EPA manual on certification:' ¢riteria are es-
tablished for laboratory operations and methodology; on-site
inspections are required by the certifying state agency or its
surrogate to verify minimal standards; annually, laboratories are
required to perform acceptably on unknown samples in formal
studies. as samples are available: and the responsible authority
follows up on problems identified in the on-site inspection or
performance evaluation and requires corrections within a set
period of time. Individual state programs may exceed the federal
criteria.

On-site inspections of laboratories in the present certification
program show that primary causes for discrepancies in drinking
water laboratories have been inadequate equipment, improperly
prepared media. incorrect analytical procedures, and insuffi-
ciently trained personnel.

6. Reference

1. U.S. EnvirosMmenTAL PromeEcTioN Acency. 1997, Manual for the Cer-
tification of Laboratories Analyzing Drinking Water, 4th ed. EPA-
814B-92-002. U.S. Environmental Protection Agency. Cincinnati.
Ohio.
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9030 LABORATORY APPARATUS*

9030 A.

This section contains specifications for microbiological labo-
ratory equipment. For testing and maintenance procedures re-
lated to quality control, see Section 9020.

* Approved by Standard Methods Committee, 2000.

Introduction

9030 B. Equipment Specifications

1. Incubators

Incubators must maintain a uniform and constant temperature at
all times in all areas, that is, they must not vary more than =0.5°C
in the areas used. Obtain such accuracy by using a water-jacketed or
anhydric-type incubator with thermostatically controlled low-tem-
perature electric heating units properly insulated and located in or
adjacent to the walls or floor of the chamber and preferably
equipped with mechanical means of circulating air.

Incubators equipped with high-temperature heating units are un-
satisfactory, because such sources of heat, when improperly placed,
frequently cause localized overheating and excessive drying of
media, with consequent inhibition of bacterial growth. Incubators so
heated may be operated satisfactorily by replacing high-temperature
units with suitable wiring arranged to operate at a lower temperature
and by installing mechanical air-circulation devices. It is desirable,
where ordinary room temperatures vary excessively, to keep labo-
ratory incubators in special rooms maintained at a few degrees
below the recommended incubator temperature.

Alternatively, use special incubating rooms well insulated and
equipped with properly distributed heating units, forced air cir-
culation, and air exchange ports, provided that they conform to
desired temperature limits. When such rooms are used, record
the daily temperature range in arcas where plates or tubes are
incubated. Provide incubators with open metal wire or perforated
sheet shelves so spaced as to assure temperature uniformity
throughout the chamber. Leave a 2.5-cm space between walls
and stacks of dishes or baskets of tubes.

Maintain an accurate thermometer, traceable to the National
Institute of Standards and Technology (NIST), with the bulb
immersed in liquid (glycerine, water, or mineral oil) on each
shelf in use within the incubator and record daily temperature
readings (preferably morning and afternoon). It is desirable, in
addition, to maintain a maximum and minimum registering ther-
mometer within the incubator on the middle shelf to record the
gross temperature range over a 24-h period. At intervals, deter-
mine temperature variations within the incubator when filled to
maximum capacity. Install a recording thermometer whenever
possible, to maintain a continuous and permanent record of
temperature.

Ordinarily, a water bath with a gabled cover to reduce water and
heat loss, or a solid heat sink incubator, is required to maintain a
temperature of 44.5 £ 0.2°C. If satisfactory temperature control is
not achieved, provide water recirculation. Keep water depth in the
incubator sufficient to immerse tubes to upper level of media.

2. Hot-Air Sterilizing Ovens

Use hot-air sterilizing ovens of sufficient size to prevent
internal crowding; constructed to give uniform and adequate
sterilizing temperatures of 170 = 10°C; and equipped with
suitable thermometers. Optionally use a temperature-recording
instrument.

3. Autoclaves

Use autoclaves of sufficient size to prevent internal crowding;
constructed to provide uniform temperatures within the cham-
bers (up to and including the sterilizing temperature of 121°C);
equipped with an accurate thermometer the bulb of which is
located properly on the exhaust line so as to register minimum
temperature within the sterilizing chambers (temperature-record-
ing instrument is optional); equipped with pressure gauge and
properly adjusted safety valves connected directly with saturat-
ed-steam supply lines equipped with appropriate filters to re-
move particulates and oil droplets or directly to a suitable special
steam generator (do not use steam from a boiler treated with
amines for corrosion control); and capable of reaching the de-
sired temperature within 30 min. Confirm, by chemical or tox-
icity tests, that the steam supply has not been treated with amines
or other corrosion-control chemicals that will impart toxicity.

Use of a vertical autoclave or pressure cooker is not recom-
mended because of difficulty in adjusting and maintaining ster-
ilization temperature and the potential hazard. If a pressure
cooker is used in emergency or special circumstances, equip it
with an efficient pressure gauge and a thermometer the bulb of
which is 2.5 cm above the water level.

4. Gas Sterilizers

Use a sterilizer equipped with automatic controls capable of
carrying out a complete sterilization cycle. As a sterilizing gas
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use ethylene oxide (Caumon: Ethylene oxide is toxic—avoid
inhalation, ingestion, and contact with the skin. Also, ethylene
oxide forms an explosive mixture with air at 3-80% proportion.)
diluted to 10 to 12% with an inert gas. Provide an automatic
control cycle to evacuate sterilizing chamber to at least 0.06 kPa.
to hold the vacuum for 30 min, to adjust humidity and temper-
ature, 10 charge with the ethylene oxide mixture to a pressure
dependent on mixture used, to hold such pressure for at least 4 h,
to vent gas, to evacuate to 0.06 kPa, and finally, to bring to
atmospheric pressure with sterile air. The humidity, temperature,
pressure, and time of sterilizing cycle depend on the gas mixture
used.

Store overnight sample bottles with loosened caps that were
sterilized by gas, to allow last traces of gas mixture to dissipate.
Incubate overnight media sterilized by gas. to insure dissipation
of gas.

In general, mixtures of ethylene oxide with chlorinated hydro-
carbons such as freon are harmful to plastics, although at tem-
peratures below 55°C, gas pressure not over 35 kPa, and time of
sterilization less than 6 h, the effect is minimal. If carbon dioxide
is used as a diluent of ethylene oxide, increase exposure time and
pressure, depending on temperature and humidity that can be
used.

Determine proper cycle and gas mixture for objects to be
sterilized and confirm by sterility tests.

5. Optical Counting Equipment

a. Pour and spread plates: Use Quebec-type colony counter,
dark-field model preferred, or one providing equivalent magni-
fication (1.5 diameters) and satisfactory visibility.

b. Membrane filters: Use a binocular microscope with mag-
nification of 10 to 15X, Provide daylight fluorescent light source
at angle of 60 to 80° above the colonies; use low-angle lighting
for nonpigmented colonies.

¢. Mechanical rally.

6. pH Equipment

Use electrometric pH meters, accurate to at least 0.1 pH units,
for determining pH values of media.

7. Balances

Use balances providing a sensitivity of at least 0.1 g at a load
of 150 g, with appropriate weights. Use an analytical balance
having a sensitivity of 1 mg under a load of 10 g for weighing
small quantities (less than 2 g) of materials. Single-pan rapid-
weigh balances are most convenient.

8. Media Preparation Utensils

Use borosilicate glass or other suitable noncorrosive equip-
ment such as stainless steel. Use glassware that is clean and free
of residues, dried agar, or other foreign materials that may
contaminate media.
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9. Pipets and Graduated Cylinders

Use pipets of any convenient size, provided that they deliver
the required volume accurately and quickly. The error of cali-
bration for a given manufacturer’s lot must not exceed 2.5%. Use
pipets having graduations distinctly marked and with unbroken
tips. Bacteriological transfer pipets or pipets conforming to
APHA standards may be used. Do not pipet by mouth; use a
pipet aid.

Use graduated cylinders meeting ASTM Standards (D-86 and
D-216) and with accuracy limits established by NIST where
appropriate.

10. Pipet Containers

Use boxes of aluminum or stainless steel, end measurement 5
to 7.5 em, cylindrical or rectangular, and length about 40 cm.
When these are not available, paper wrappings for individual
pipets may be substituted. To avoid excessive charring during
sterilization, use best-quality sulfate pulp (kraft) paper. Do nor
use copper or copper alloy cans or boxes as pipet containers.

11. Refrigerator

Use a refrigerator maintaining a temperature of 1 to 4.4°C to
store samples, media, reagents, etc. Do not store volatile sol-
vents, food, or beverages in a refrigerator with media. Frost-free
refrigerators may cause excessive media dehydration on storage
longer than 1 week.

12. Temperature-Monitoring Devices

Use glass or metal thermometers graduated to 0.5°C to mon-
itor most incubators and refrigerators. Use thermometers gradu-
ated to 0.1°C for incubators operated above 40°C. Use continu-
ous recording devices that are equally sensitive. Verify accuracy
by comparison with a NIST-certified thermometer, or equivalent.

13. Dilution Bottles or Tubes

Use bottles or tubes of resistant glass, preferably borosilicate
glass, closed with glass stoppers or screw caps equipped with
liners that do not produce toxic or bacteriostatic compounds on
sterilization. Do not use cotton plugs as closures. Mark gradua-
tion levels indelibly on side of dilution bottle or tube. Plastic
bottles of nontoxic material and acceptable size may be substi-
tuted for glass provided that they can be sterilized properly.

14. Petri Dishes

For the plate count, use glass or plastic petri dishes about 100
X 15 mm. Use dishes the bottoms of which are free from bubbles
and scratches and flat so that the medium will be of uniform
thickness throughout the plate. For the membrane filter technique
use loose-lid glass or plastic dishes, 60 X 15 mm, or tight-lid
dishes, 50 X 12 mm. Sterilize glass petri dishes and store in
metal cans (aluminum or stainless steel, but not copper), or wrap
in paper—preferably best-quality sulfate pulp (kraft)—before
sterilizing. Presterilized petri dishes are commercially available.
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15. Membrane Filtration Equipment

Use filter funnel and membrane holder made of seamless
stainless steel, glass, or autoclavable plastic that does not leak
and is not subject to corrosion. Field laboratory kits are accept-
able but standard laboratory filtration equipment and procedures
are required.

16. Fermentation Tubes and Vials

Use fermentation tubes of any type, if their design permits
conforming to medium and volume requirements for concentra-
tion of nutritive ingredients as described subsequently. Where
tubes are used for a test of gas production, enclose a shell vial,
inverted. Use tube and vial of such size that the vial will be filled
completely with medium, at least partly submerged in the tube,
and large enough to make gas bubbles easily visible.

17. Inoculating Equipment

Use wire loops made of 22- or 24-gauge nickel alloy* or
platinum-iridium for flame sterilization. Use loops at least 3 mm
in diameter. Sterilize by dry heat or steam. Single-service hard-
wood or plastic applicators also may be used. Make these 0.2 to
0.3 cm in diameter and at least 2.5 cm longer than the fermen-
tation tube; sterilize by dry heat and store in glass or other
nontoxic containers.

18. Sample Bottles

For bacteriological samples, use sterilizable bottles of glass or
plastic of any suitable size and shape. Use bottles capable of
holding a sufficient volume of sample for all required tests and
an adequate air space, permitting proper washing, and maintain-
ing samples uncontaminated until examinations are completed.
Ground-glass-stoppered bottles, preferably wide-mouthed and of
resistant glass, are recommended. Plastic bottles of suitable size,

* Chromel, nichrome, or equivalent.
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wide-mouthed, and made of nontoxic materials such as polypro-
pylene that can be sterilized repeatedly are satisfactory as sample
containers. Presterilized plastic bags, with or without dechlori-
nating agent, are available commercially and may be used.
Plastic containers eliminate the possibility of breakage during
shipment and reduce shipping weight.

Metal or plastic screw-cap closures with liners may be used on
sample bottles provided that no toxic compounds are produced
on sterilization.

Before sterilization, cover tops and necks of sample bottles
having glass closures with aluminium foil or heavy kraft paper.
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9040 WASHING AND STERILIZATION*

Cleanse all glassware and plasticware thoroughly with a suit-
able detergent and hot water, rinse with hot water to remove all
traces of residual washing compound, and finally rinse with
reagent-grade water. Sterilize all contaminated laboratory ware
before cleaning. If mechanical glassware washers are used, equip
them with influent plumbing of stainless steel or other nontoxic
material. Ensure that the spray from water jets reaches all parts
of deep vessels. Do not use copper piping to distribute water.
Use stainless steel or other nontoxic material for the rinse-water
system.

* Approved by Standard Methods Committee, 2000.

Sterilize glassware, except when it is in metal containers, by
dry heat for not less than 60 min at a temperature of 170°C,
unless it is known from recording thermometers that oven tem-
peratures are uniform, under which exceptional condition use
160°C. Heat glassware in metal containers to 170°C for not less
than 2 h.

Sterilize sample bottles not made of plastic as above. Glass or
plastic sample bottles may be sterilized in an autoclave at 121°C
for 15 min. Moisture present in bottles after autoclaving may be
removed by placing bottles in a drying oven at 100°C for 10 to
15 min. For plastic bottles loosen caps before autoclaving (o
prevent distortion.
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9050 PREPARATION OF CULTURE MEDIA*

9050 A. General Procedures

1. Storage of Culture Media

Store dehydrated media (powders) in tightly closed bottles in
the dark at less than 30°C in an atmosphere of low humidity. Do
not use them if they discolor or become caked and lose the
character of a [ree-flowing powder. Purchase dehydrated media
in small quantities that will be used within 6 months after
opening. Additionally, use stocks of dehydrated media contain-
ing selective agents such as sodium azide, bile salts or deriva-
tives, antibiotics, sulfur-containing amino acids, ete., of rela-
tively current lot number (within a year of purchase) so as to
maintain optimum selectivity. See also Section 9020.

Prepare culture media in batches that will be used in less than
2 weeks. However, if the media are contained in screw-capped
tubes they may be stored for up to 3 months. See Table 9020:1V
for specific details. Store media out of direct sun and avoid
contamination and excessive evaporation.

Ligquid media in fermentation tubes, if stored at refrigeration or
even moderately low temperatures, may dissolve sufficient air to
produce, upon incubation at 35°C, a bubble of air in the tube.
Incubate fermentation tubes that have been stored at a low
temperature overnight before use and discard tubes containing
air.

Fermentation tubes may be stored at approximately 25°C; but
because evaporation may proceed rapidly under these condi-
tions—resulting in marked changes in concentration of the in-
gredients—do not store at this temperature for more than 2
weeks. Discard tubes with growth due to contamination or an
evaporation loss exceeding 1 mL.

2. Adjustment of Reaction

State reaction of culture media in terms of hydrogen ion
concentration, expressed as pH.

The decrease in pH during sterilization will vary slightly with
the individual sterilizer in use, and the initial reaction required to
obtain the correct final reaction will have to be determined. The
decrease in pH usually will be 0.1 to 0.2 but occasionally may be
as great as 0.3 in double-strength media. When buffering salts
such as phosphates are present in the media, the decrease in pH
value will be negligible.

* Approved by Standard Methods Committee, 2000.

Make tests to control adjustment to required pH with a pH
meter. Measure pH of prepared medium as directed in Section
4500-H". Titrate a known volume of medium with a solution of
NaOH to the desired pH. Calculate amount of NaOH solution
that must be added to the bulk medium to reach this reaction.
After adding and mixing thoroughly, check reaction and adjust if
necessary. The required final pH is given in the directions for
preparing each medium. If a specific pH is not prescribed,
adjustment is unnecessary.

The pH of reconstituted dehydrated media seldom will require
adjustment if made according to directions. Such factors as
errors in weighing dehydrated medium or overheating reconsti-
tuted medium may produce an unacceptable final pH. Measure
pH, especially of rehydrated selective media, regularly to insure
quality control and media specifications.

3. Sterilization

After rehydrating a medium, dispense promptly to culture
vessels and sterilize within 2 h. Do not store nonsterile media.

Sterilize all media, except sugar broths or broths with other
specifications, in an autoclave at 121°C for 15 min after the
temperature has reached 121°C. When the pressure reaches zero,
remove medium from autoclave and cool quickly to avoid de-
composition of sugars by prolonged exposure to heat. To permit
uniform heating and rapid cooling, pack materials loosely and in
small containers. Sterilize sugar broths at 121°C for 12 to 15
min. The maximum elapsed time for exposure of sugar broths to
any heat (from time of closing loaded autoclave to unloading) is
45 min. Preferably use a double-walled autoclave to permit
preheating before loading to reduce total needed heating time to
within the 45-min limit. Presterilized media may be available
commercially.
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9050 B.

1. Specifications

To prepare culture media and reagents, use only distilled or
demineralized reagent-grade water that has been tested and
found free from traces of dissolved metals and bactericidal or
inhibitory compounds. Toxicity in distilled water may be derived
from fluoridated water high in silica. Other sources of toxicity
are silver, lead, and various unidentified organic complexes.
Where condensate return is used as feed for a still, toxic amines
or other boiler compounds may be present in distilled water,
Residual chlorine or chloramines also may be found in distilled
water prepared from chlorinated water supplies. If chlorine com-
pounds are found in distilled water, neutralize them by adding an
equivalent amount of sodium thiosulfate or sodium sulfite.

Distilled water also should be free of contaminating nutrients.
Such contamination may be derived from flashover of organics
during distillation, continued use of exhausted carbon filter beds,
deionizing columns in need of recharging, solder flux residues in
new piping, dust and chemical fumes, and storage of water in
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unclean bottles. Store distilled water out of direct sunlight to
prevent growth of algae. Storage at room temperature should not
exceed 1 month. Replace flexible dispensing hoses every 6 to 9
months. Aged distilled water may contain toxic volatile organic
compounds absorbed from the atmosphere if stored for pro-
longed periods in unsealed containers. Good housekeeping prac-
tices that minimize the presence of airborne particulates usually
will eliminate nutrient contamination.
See Section 9020.
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9050 C. Media Specifications

The need for uniformity dictates the use of dehydrated media.
Never prepare media from basic ingredients when suitable com-
mercially prepared dehydrated media are available. Follow man-
ufacturer’s directions for rehydration and sterilization. Commer-
cially prepared media in liquid form (sterile ampule or other)
also may be used if known to give equivalent results. See Section
9020 for quality-control specifications.

The terms used for protein source in most media, for example,
peptone, tryptone, tryptose, were coined by the developers of the
media and may reflect commercial products rather than clearly
defined entities. It is not intended to preclude the use of alter-
native materials provided that they produce equivalent results.

Note—The term “percent solution” as used in these directions
is to be understood to mean “grams of solute per 100 mL
solution.”

1. Dilution Water

a. Buffered water: To prepare stock phosphate buffer solution,
dissolve 34.0 g potassium dihydrogen phosphate (KH,PQ,), in
500 mL reagent-grade water, adjust to pH 7.2 = 0.5 with 1N

sodium hydroxide (NaOH), and dilute to 1 L with reagent-grade
water. Discard turbid stock solutions.

Add 1.25 mL stock phosphate buffer solution and 5.0 mL
magnesium chloride solution (81.1 g MgCl,:6H,O/L. reagent-
grade water) to 1 L reagent-grade water. Dispense in amounts
that will provide 99 = 2.0 mL or 9 = 0.2 mL after autoclaving
for 15 min.

b. Peptone water: Prepare a 10% solution of peptone in
distilled water. Dilute a measured volume to provide a final 0.1%
solution. Final pH should be 6.8.

Dispense in amounts to provide 99 = 2.0 mL or 9 = 0.2 mL
after autoclaving for 15 min.

Do not suspend sample dilutions in any dilution water for
more than 30 min at room temperature because death or multi-
plication may occur.

2. Culture Media

Specifications for individual media are included in subsequent
sections. Details are provided where use of a medium first is
described.
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9060 SAMPLES”

9060 A.

1. Containers

Collect samples for microbiological examination in nonreac-
tive borosilicate glass or plastic bottles that have been cleansed
and rinsed carefully, given a final rinse with deionized or dis-
tilled water, and sterilized as directed in Sections 9030 and 9040.
For some applications samples may be collected in presterilized
plastic bags.

2. Dechlorination

Add a reducing agent to containers intended for the collection
of water having residual chlorine or other halogen unless they
contain broth for direct planting of sample. Sodium thiosulfate
(Na,8,0,) is a satisfactory dechlorinating agent that neutralizes
any residual halogen and prevents continuation of bactericidal
action during sample transit, The examination then will indicate
more accurately the true microbial content of the water at the
time of sampling.

For sampling chlorinated wastewater effluents add sufficient
Na,S,0; to a clean sterile sample bottle to give a concentration
of 100 mg/L in the sample. In a 120-mL bottle 0.1 mL of a 10%
solution of Na,S$,0; will neutralize a sample containing about 15
mg/L residual chlorine. For drinking water samples, the concen-
tration of dechlorinating agent may be reduced: 0.1 mL of a 3%
solution of Na,S,0; in a 120-mL bottle will neutralize up to 5
mg/L residual chlorine.

Cap bottle and sterilize by either dry or moist heat, as directed
(Section 9040). Presterilized plastic bags or bottles containing
Na,S,0; are available commercially.

Collect water samples high in metals, including copper or zinc
(>1.0 mg/L), and wastewater samples high in heavy metals in
sample bottles containing a chelating agent that will reduce
metal toxicity. This is particularly significant when such samples
are in transit for 4 h or more. Use 372 mg/L of the disodium salt
of ethylenediaminetetraacetic acid (EDTA). Adjust EDTA solu-
tion to pH 6.5 before use. Add EDTA separately to sample bottle
before bottle sterilization (0.3 mL 15% solution in a 120-mL
bottle) or combine it with the Na,S.0, solution before addition.

3. Sampling Procedures

When the sample is collected, leave ample air space in the
bottle (at least 2.5 cm) to facilitate mixing by shaking, before
examination. Collect samples that are representative of the water
being tested, flush or disinfect sample ports, and use aseptic
techniques to avoid sample contamination.

* Approved by Standard Methods Committee, 1997,

Joint Task Group: 20th Edition—Eugene W. Rice (chair), Robert H. Bordner,
Terry C. Covert, Charles P. Gerba, Nancy H. Hall, Walter Jakubowski, Louis A.
Kaplan, Gordon A. McFeters, Nelson P. Moyer.

Collection

Keep sampling bottle closed until it is to be filled, Removye
stopper and cap as a unit; do not contaminate inner surface of
stopper or cap and neck of bottle. Fill container without rinsing,
replace stopper or cap immediately. and if used, secure hood
around neck of bottle.

a. Potable water: If the water sample is to be taken from a
distribution-system tap without attachments, select a tap that is
supplying water from a service pipe directly connected with the
main, and is not, for example, served from a cistern or storage
tank. Open tap fully and let water run to waste for 2 or 3 min, or
for a time sufficient to permit clearing the service line. Reduce
water flow to permit filling bottle without splashing. If tap
cleanliness is questionable, choose another tap. If a questionable
tap is required for special sampling purposes, disinfect the faucet
(inside and outside) by applying a solution of sodium hypochlo-
rite (100 mg NaOCI/L) to faucet before sampling; let water run
for additional 2 to 3 min after treatment. Do not sample from
leaking taps that allow water to flow over the outside of the tap.
In sampling from a mixing faucet remove faucet attachments
such as screen or splash guard, run hot water for 2 min, then cold
water for 2 to 3 min, and collect sample as indicated above.

If the sample is to be taken from a well fitted with a hand
pump, pump water to waste for about 5 to 10 min or until water
temperature has stabilized before collecting sample. If an out-
door sampling location must be used, avoid collecting samples
from frost-proof hydrants. If there is no pumping machinery,
collect a sample directly from the well by means of a sterilized
bottle fitted with a weight at the base; take care to avoid con-
taminating samples by any surface scum. Other sterile sampling
devices, such as a trip bailer, also may be used.

In drinking water evaluation, collect samples of finished water
from distribution sites selected to assure systematic coverage
during each month. Carefully choose distribution system sample
locations to include dead-end sections to demonstrate bacterio-
logical quality throughout the network and to ensure that local-
ized contamination does not occur through cross-connections,
breaks in the distribution lines, or reduction in positive pressure.
Sample locations may be public sites (police and fire stations,
government office buildings, schools, bus and train stations,
airports, community parks), commercial establishments (restau-
rants, gas stations, office buildings, industrial plants). private
residences (single residences, apartment buildings, and town-
house complexes), and special sampling stations built into the
distribution network, Preferably avoid outdoor taps, fire hy-
drants, water treatment units, and backflow prevention devices.
Establish sampling program in consultation with state and local
health authorities.

b. Raw water supply: In collecting samples directly from a
river, stream, lake, reservoir, spring. or shallow well. obtain
samples representative of the water that is the source of supply
to consumers. It is undesirable to take samples too near the bank
or too far from the point of drawoff, or at a depth above or below
the point of drawoff.
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c. Surface waters: Stream studies may be short-term, high-
intensity efforts. Select bacteriological sampling locations to
include a baseline location upstream from the study area, indus-
trial and municipal waste outfalls into the main stream study
area, tributaries except those with a flow less than 10% of the
main stream, intake points for municipal or industrial water
facilities, downstream samples based on stream flow time, and
downstream recreational areas. Dispersion of wastewaters into
the receiving stream may necessitate preliminary cross-section
studies to determine completeness of mixing. Where a tributary
stream is involved, select the sampling point near the confluence
with the main stream. Samples may be collected from a boat or
from bridges near critical study points. Choose sampling fre-
quency to be reflective of changing stream or water body con-
ditions. For example, to evaluate waste discharges, sample every
4 to 6 h and advance the time over a 7- to 10-d period.

To monitor stream and lake water quality establish sampling
locations at critical sites. Sampling frequency may be seasonal
for recreational waters, daily for water supply intakes, hourly
where waste treatment control is erratic and effluents are dis-
charged into shellfish harvesting areas, or even continuous.

d. Bathing beaches: Sampling locations for recreational areas
should reflect water gquality within the entire recreational zone.
Include sites from upstream peripheral areas and locations adja-
cent to drains or natural contours that would discharge storm-
water collections or septic wastes. Collect samples in the swim-
ming area from a uniform depth of approximately 1 m. Consider
sediment sampling of the water-beach (soil) interface because of
exposure of young children at the water’s edge.

To obtain baseline data on marine and estuarine bathing water
quality include sampling at low, high, and ebb tides.

Relate sampling frequency directly to the peak bathing period,
which generally occurs in the afternoon. Preferably, collect daily
samples during the recognized bathing season; as a minimum
include Friday, Saturday, Sunday, and holidays. When limiting
sampling to days of peak recreational use, preferably collect a
sample in the morning and the afternoon. Correlate bacteriolog-
ical data with turbidity levels or rainfall over the watershed to
make rapid assessment of water quality changes.

e. Sediments and biosolids: The bacteriology of bottom sed-
iments is important in water supply reservoirs, in lakes, rivers,
and coastal waters used for recreational purposes, and in shell-
fish-growing waters. Sediments may provide a stable index of
the general quality of the overlying water, particularly where
there is great variability in its bacteriological quality.

Sampling frequency in reservoirs and lakes may be related
more to seasonal changes in water temperatures and stormwater
runoff. Bottom sediment changes in river and estuarine waters
may be more erratic, being influenced by stormwater runoff,
increased flow velocities, and sudden changes in the quality of
effluent discharges.

Microbiological examination of biosolids from water and
wastewater (reatment processes is desirable to determine the
impact of their disposal into receiving waters, ocean dumping,
land application, or burial in landfill operations.

Collect and handle biosolids with less than 7% total solids
using the procedures discussed for other water samples. Biosol-
ids with more than 7% solids and exhibiting a “plastic™ consis-
tency or “semisolid” state typical of thickened sludges require a
finite ghear stress to cause them to flow. This resistance to flow
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results in heterogeneous distribution of biosolids in tanks and
lagoons. Use cross-section sampling of accumulated biosolids to
determine distribution of organisms within these impoundments.
Establish a length-width grid across the top of the impoundment,
and sample at intercepts. A thief sampler that samples only the
solids layer may be useful. Alternatively use weighted bottle
samplers that can be opened up at a desired depth to collect
samples at specific locations.

Processed biosolids having no free liquids are best sampled
when they are being transferred. Collect grab samples across the
entire width of the conveyor and combine into a composite
sample. If solids are stored in piles, classification occurs. Exte-
riors of uncovered piles are subject to various environmental
stresses such as precipitation, wind, fugitive dusts, and fecal
contamination from scavengers. Consequently, surface samples
may not reflect the microbiological quality of the pile. Therefore,
use cross-section sampling of these piles to determine the degree
of heterogeneity within the pile. Establish a length-width grid
across the top of the pile, and sample intercepts. Sample augers
and corers may prove to be ineffective for sampling piles of
variable composition. In such cases use hand shovels to remove
overburden.

f. Nonpotable samples (manual sampling): Take samples
from a river, stream, lake, or reservoir by holding the bottle near
its base in the hand and plunging it, neck downward, below the
surface. Turn bottle until neck points slightly upward and mouth
is directed toward the current. Tf there is no current, as in the case
of a reservoir, create a current artificially by pushing bottle
forward horizontally in a direction away from the hand. When
sampling from a boat, obtain samples from upstream side of
boat. If it is not possible to collect samples from these situations
in this way, attach a weight to base of bottle and lower it into the
water. In any case, take care to avoid contact with bank or stream
bed; otherwise, water fouling may occur.

g. Sampling apparatus: Special apparatus that permits me-
chanical removal of bottle stopper below water surface is re-
quired to collect samples from depths of a lake or reservoir.
Various types of deep sampling devices are available. The most
common is the ZoBell J-Z sampler," which uses a sterile 350-mL
bottle and a rubber stopper through which a piece of glass tubing
has been passed. This tubing is connected to another piece of
glass tubing by a rubber connecting hose. The unit is mounted on
a metal frame containing a cable and a messenger. When the
messenger is released, it strikes the glass tubing at a point that
has been slightly weakened by a file mark. The glass tube is
broken by the messenger and the tension set up by the rubber
connecting hose is released and the tubing swings to the side.
Water is sucked into the bottle as a consequence of the partial
vacuum created by sealing the unit at time of autoclaving.
Commercial adaptations of this sampler and others are available.

Bottom sediment sampling also requires special apparatus.
The sampler described by Van Donsel and Geldreich® has been
found effective for a variety of bottom materials for remote
(deep water) or hand (shallow water) sampling. Construct this
sampler preferably of stainless steel and fit with a sterile plastic
bag. A nylon cord closes the bag after the sampler penetrates the
sediment. A slide bar keeps the bag closed during descent and is
opened, thereby opening the bag, during sediment sampling.
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For sampling wastewaters or effluents the technigues de-
scribed above generally are adequate: in addition see Section
1060,

4. Size of Sample

The volume of sample should be sufficient to carry out all tests
required, preferably not less than 100 mL,

5. Identifying Data

Accompany samples by complete and accurate identifying and
descriptive data. Do not accept for examination inadequately
identified samples.

6. References

I. Zosevr, C.E. 1941, Apparatus for collecting water samples from
different depths for bacteriological analysis. J. Mar. Res. 4:173,
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9060 B. Preservation and Storage

1. Holding Time and Temperature

a. General: Start microbiological analysis of water samples as
soon as possible after collection to avoid unpredictable changes
in the microbial population. For most accurate results, ice sam-
ples during transport to the laboratory, if they cannot be pro-
cessed within 1 h after collection. If the results may be used in
legal action, employ special means (rapid transport, express
mail, courier service, etc.) to deliver the samples to the labora-
tory within the specified time limits and maintain chain of
custody. Follow the guidelines and requirements given below for
specific water types.

b. Drinking water for compliance purposes: Preferably hold
samples at <10°C during transit to the laboratory. Analyze
samples on day of receipt whenever possible and refrigerate
overnight if arrival is too late for processing on same day. Do not
exceed 30 h holding time from collection to analysis for coliform
bacteria. Do not exceed 8 h holding time for heterotrophic plate
counts.

¢. Nonpotable water for compliance purposes: Hold source
water, stream pollution, recreational water, and wastewater sam-
ples at <10°C during a maximum transport time of 6 h. Refrig-
erate these samples upon receipt in the laboratory and process
within 2 h. When transport conditions necessitate delays in
delivery of samples longer than 6 h, consider using either field
laboratory facilities located at the site of collection or delayed
incubation procedures,

d. Other water types for noncompliance purposes: Hold sam-
ples at <<10°C during transport and until time of analysis. Do not
exceed 24 h holding time.
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9211 RAPID DETECTION METHODS*

9211 A. Introduction
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There is a generally recognized need for methods that permit
rapid estimation of the bacteriological quality of water. Appli-
cations of rapid methods may range from analysis of wastewater
to potable water quality assessment. In the latter case, during
emergencies involving water treatment plant failure, line breaks
in a distribution network, or pther disruptions to water supply

* Approved by Standard Methods Committee. 2000.

caused by disasters, there is urgent need for rapid assessment of
the sanitary quality of water.

Ideally. rapid procedures would be reliable and have sensitiv-
ity levels equal to those of the standard tests routinely used.
However, sensitivity of a rapid test may be compromised because
the bacterial limit sought may be below the minimum bacterial
concentration essential to rapid detection. Rapid tests fall into two
categories, those involving modified conventional procedures and
those requiring special instrumentation and materials.

9211 B. Seven-Hour Fecal Coliform Test

This method'* is similar to the fecal coliform membrane filter
procedure (see Section 9222D) but uses a different medium and
incubation temperature to yield results in 7 h that generally are
comparable to those obtained by the standard fecal coliform
method.

1. Medium

M-7 h FC agar: This medium may not be available in dehydrated
form and may require preparation from the basic ingredients.

Proteose peptone No. 3 or polypeptone ................... 50 g
b e T L R Il LA S e i o L o AL AT 30 g
|7 T TS e A B AR T e b 8k B P LR B 100 g
VAR LOINIE L R et e B A L s LS 50 ¢
Sodiimiehlordes NACT ..o annasndid il S0 75 g
SedivmiTanivlsulfate: | .0 L S e 02 g
Soditm desoryeholate ...l hedniiiea s 01 g
Brofatresolipaspleti i, SR Ei kb A sl 035 ¢
L e e e B e b SR SR TR SR B 03 g
ADHT I et a1 O e L . 150 g
Réapantiarade water vl sl v it srnanivngaii It L

Heat in boiling water bath. After ingredients are dissolved,
heat additional 5 min. Cool to 55 to 60°C and adjust pH to 7.3
+ (.1 with 0.1N NaOH (0.35 mL/L usually required). Cool to
about 45°C and dispense in 4- to 5-mL quantities to petri plates
with tight-fitting covers. Store at 2 to 10°C. Discard after 30 d.

2. Procedure

Filter an appropriate sample volume through a membrane
filter, place filter on the surface of a plate containing M-7 h FC
agar medium, and incubate at 41.5°C for 7 h. Fecal coliform
colonies are yellow (indicative of lactose fermentation).

3. References

1. Van Donser, D.J., RM. Twepr & E.E. GeLpreich, 1969, Optimum
temperature for quantitation of fecal coliforms in seven hours on the
membrane filter. Bacreriol. Proc. Abs. No. G46, p. 25.

2. ReAsoNER, D.J., J.C. BLannon & E.E. GELDREICH. 1979. Rapid seven
hour fecal coliform test. Appl. Environ. Microbiol. 38:229.

9211 C. Special Techniques

Special rapid techniques are summarized in Table 9211:1.
Most are not sensitive enough for potable water guality mea-
surement or are not specific. They may be useful in monitoring
wastewater effluents and natural waters but require reagents not
generally available, are tedious, or require special handling or
incubation schemes incompatible with most water laboratory
schedules. Exeept for the colorimetric test, none are suitable for
routine use but they may be used as research tools. The user

should refer to the literature citations for the technique listed in
the table for procedural details, conditions for use, and method
limitations. Only the adenosine triphosphate (ATP) procedure
(the firefly bioluminescence system), the colorimetric test to
estimate total microbial density, and a radiometric fecal coliform
procedure that uses a '*C-labeled substrate can be recommended.

Correlate initial concentration of bacteria with ATP concen-
tration by extracting ATP from serial dilutions of a bacterial
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TasLe 9211:1. SpeciaL Rapip TECHNIQUES

Test
Time Sensitivity
Microbial Group Rapid Method h cells/ml. Reference
Nonspecific microflora Bioluminescence 1 100 000 1-3
Chemiluminescence 1 500 000 3-5
Impedance 3-12 100 000 9
Colorimetric¢ 0.02 10 000 10
Epifluorescence/fluorometric < l-several - 11-13
Fecal coliforms Radiometric 4-5 2-20 14
Glutamate decarboxylase 10-13 0.01-500 DDO 15-17
Electrochemical 1-7 1 000 000 18-20
Impedance 6-12 200100 000 6-9
Gas chromatographic assay 9-12 =50 21
Colorimetric 8-20 5-130 000 22
Potentiometric 3.5-15 0.1->=10 000 000 23
Gram-negative bacteria Limulus assay 2 500-3000 24-27
Fluorescent antibody 2-3 — 28-30

suspension, or for the "C radiometric method, standardize by
determining the '*CO, released by known concentrations of
fecal coliform organisms in natural samples, not pure cultures. In
using any rapid procedure, determine the initial bacterial density
by using an appropriate procedure such as heterotrophic plate
count (Section 9215) or total (9221) or fecal (9222) coliforms,
and correlate with results from the special rapid technique.

1. Bioluminescence Test (Total Viable Microbial
Measurement)

The firefly luciferase test for ATP in living cells is based on
the reaction between the luciferase enzyme, luciferin (enzyme
substrate), magnesium ions, and ATP. Light is emitted during the
reaction and can be measured quantitatively and correlated with
the quantity of ATP extracted from known numbers of bacteria.
When all reactants except ATP are in excess, ATP is the limiting
factor. Addition of ATP drives the reactions, producing a pulse
of light that is proportional to the ATP concentration.

The assay is completed in less than 1 h.'"~ For monitoring
microbial populations in water, the ATP assay is limited primar-
ily by the need to concentrate bacteria from the sample to
achieve the minimum ATP sensitivity level, which is 10° cells/
mL. When combined with membrane filtration of a 1-L sample,
ATP assay can provide the sensitivity level needed.

2. Radiometric Detection (Fecal Coliforms)

In this test, "*CO, is released from a "*C-labeled substrate.'
The technique permits presumptive detection of as few as 2 to 20
fecal coliform bacteria in 4.5 h. The test uses M-FC broth,
uniformly labeled '"*C-mannitol, and two-temperature incuba-
tion; 2 h at 35°C followed by 2.5 h at 44.5°C for fecal coliform
specificity. Add labeled substrate at start of 44.5°C incubation.
Use membrane filtration to concentrate organisms from sample
and place membrane filter in M-FC broth in a sealable container,
The "*CO, released is trapped by exposure to Ba(OH),-saturated
filter paper disk. "*C activity is assayed by liquid scintillation

spectrometry. Except for the use of the "C-mannitol substrate
and liquid scintillation spectrometry to count the activity of the
"*CO, released by the fecal coliforms, this procedure is similar
to that given in Section 9222,

3. References

I. Chapperie, EW. & G.L. Piccioto. 1975, Laboratory Procedures
Manual for the Firefly Luciferase Assay for Adenosine Triphos-
phate (ATP). NASA GSFC Doc. X-726-75-1, National Aeronautics
& Space Admin., Washington, D.C.

. Piccioro, G.L., EEW. CuarrerLE, J.W, DeminG, R.R. THomas, D.A.
NmBLE & H. Okrenp. [981. Firefly luciferase ATP assay develop-
ment for monitoring bacterial concentration in water supplies. EPA-
600/82:81-014, U.S. Environmental Protection Agency. Cincinnati,
Ohio; NTIS No. PB 88-103809/AS, National Technical Information
Serv., Springfield, Va.

3. Netson, W.H., ed. 1985. Instrumental Methods for Rapid Microbi-

ological Analysis. VCH Publishers, Inc., Deerfield Beach, Fla.

4. Serrz, W.R, & M.P. NEary. 1974, Chemiluminescence and hiolu-
minescence. Anal. Chem. 46:188A.

. Oueniaz, W.S., M.A. Pisano, M.H. Rosenreep & R.L. ELcart.
1968. Chemiluminescent method for detecting microorganisms in
water. Environ. Sei. Technol. 2:1030.

6. WueeLer, T.G. & M.C. Gorpscumipr., 1975, Determination of bac-
terial cell concentrations by electrical measurements. J. Clin. Mi-
crobiol. 1:25.

7. Siverman, MLP. & E.F. Munoz. 1979. Automated electrical imped-
ance technique for rapid enumeration of fecal coliforms in effluents
from sewage treatment plants. Appl. Environ. Microbiol, 37;521.

8. Munoz. EF. & M.P. Siverman. 1979. Rapid, single-step most-
probable-number method for enumerating fecal coliforms in efflu-
ents from sewage treatment plants. Appl. Environ. Microbiol, 37
527,

9. FirsTENBERG-EDEN, R. & G. EpEN. 1984. Impedance Microbiology.
John Wiley & Sons, Inc.. New York, N.Y.

10. Waruis, C. & JL. MELNICK. 1985, An instrument for the immediate
quantification of bacteria in potable waters. Appl. Environ. Micro-
biol. 49:1251.

2

o



STRESSED ORGANISMS (9212)/introduction

11. Brrron, G., R.J. Durton & J.A. Foran. 1984, A new rapid technique
for counting microorganisms directly on membrane filters. Stain
Technol. 58:343.

12. Sierackl, MLE., P.W. Jounson & I1.M. SieBurTH. 1985, Detection,
enumeration, and sizing of planktonic bacteria by image-analyzed
epifluoresence microscopy. Appl. Environ. Microbiol, 49:799.

13. McCoy, W.F. & B.H. Ouson. 1985. Fluorometric determination of
the DNA concentration in municipal drinking water. Appl. Environ.
Microbiol. 49:811.

14. Reasoner, D.J. & E.E. GerpreicH. 1978, Rapid detection of water-
borne fecal coliforms by '#CO, release. In AN. Sharpe & D.S.
Clark, eds. Mechanizing Microbiology. Charles C. Thomas, Pub-
lisher, Springfield, IIL

15. MoraN, J.W. & L.D. Wirter. 1976. An automated rapid test for
Escherichia coli in milk. J. Food Sci. 41:165.

16. Moran, JW. & L.D. Wrrter. 1976. An automated rapid method for
measuring fecal pollution. Water Sewage Works 123:66.

17. TriNeL, P.A., N. Hanoune & H. LeCrerc. 1980. Automation of
water bacteriological analysis: running test of an experimental pro-
totype. Appl. Environ. Microbiol. 39:976.

18. WiLkins, J.R., G.E. Stoner & E.H. Bovkmv. 1974. Microbial detec-
tion method based on sensing molecular hydrogen. Appl. Microbiol.
27:947.

19. Wikins, J.R. & EH. Bovkm. 1976. Analytical notes—electro-
chemical method for early detection of monitoring of coliforms.
J. Amer, Water Works Assoc. 68:257.

20. Grana, D.C. & J.R. Witkmns. 1979, Description and field test results
of an in situ coliform monitering system. NASA Tech. Paper 1334,
National Aeronautics & Space Admin., Washington, D.C.

9-25

21. Newman, J.S. & R.T. O'Brien. 1975. Gas chromatographic pre-
sumptive test for coliform bacteria in water. Appl. Environ, Micro-
biol. 30:584.

22. Warren, L.S., R.E. Benorr & J.A. Jesseg. 1978. Rapid enumeration
of faecal coliforms in water by a colorimetric 3-galactosidase assay.
Appl. Environ. Microbiol. 35:136.

23. Jouenng, T., G.-A. JunTer & G. CarrIERE. 1985. Selective detection
and enumeration of fecal coliforms in water by potentiometric
measurement of lipoic acid reduction. Appl. Environ. Microbiol.
50:1208.

24, Tencate, J.W., HR. Buier, A. Sturk & J. Levin. 1985. Bacterial
Endotoxins. Structure, Biomedical Significance, and Detection with the
Limulus Amebocyte Lysate Test. Alan R. Liss, Inc., New York, N.Y.

25. Jorgensen, J.H., J.C. Leg, G.A. ALEXanper & H.W. Worr. 1979.
Comparison of Limulus assay, standard plate count, and total coli-
form count for microbiological assessment of renovated wastewater.
Appl. Environ. Microbiol. 37:928.

26. Jorgensen, 1.H. & G.A. ALEXANDER. 1981, Automation of the Limu-
lus amebocyte lysate test by using the Abbott MS-2 microbiology
system. Appl. Environ. Microbiol. 41:1316.

27, Tsual, K., P.AA. Marmin & D.M. Bussey. 1984, Automation of
chromogenic substrate Limulus amebocyte lysate assay method for
endotoxin by robotic system. Appl. Environ. Microbiol. 48:550.

28. Amsmume, R.L. 1976, Detection of enteropathogenic Escherichia coli
strains in wastewater by fluorescent antibody. Can. J. Microbiol. 22:365.

29. Agsuirg, R.L. & R.K. GurHrie. 1973. Fluerescent antibody tech-
niques as a method for the detection of fecal pollution. Can. J.
Mierobiol. 19:201.

30. THomasoN, B.M. 1981. Current status of immunofluorescent meth-
odology. J. Food Protect. 44:381.

9212 STRESSED ORGANISMS*

9212 A.

1. General Discussion

Indicator bacteria, including total coliforms, fecal coliforms,
and fecal streptococci, may become stressed or injured in waters
and wastewaters. These injured bacteria are incapable of growth
and colony formation under standard conditions because of
structural or metabolic damage. As a result, a substantial portion
of the indicator bacteria present, i.e., 10 to greater than 90%, may
not be detected.'* These false negative bacteriological findings
could result in an inaccurate definition of water quality and lead
to the acceptance of a potentially hazardous condition resulting
from contamination by resistant pathogens® or the penetration of
undetected indicator bacteria through treatment barriers.*

Stressed organisms are present under ordinary circumstances
in treated drinking water and wastewater effluents, saline waters,
polluted natural waters, and relatively clean surface waters. High
numbers of injured indicator bacteria may be associated with

* Approved by Standard Methods Committee, 2000.
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partial or inadequate disinfection and the presence of metal ions
or other toxic substances. These and other factors, including
extremes of temperature and pH and solar radiation, may lead
collectively to significant underestimations of the number of
viable indicator bacteria.

Publications support the health significance of injured coli-
form bacteria®>7 These reports show that enteropathogenic
bacteria are less susceptible than coliforms to injury under con-
ditions similar to those in treated drinking water and wastewater,
that injured pathogens retain the potential for virulence, and that
they recover after being ingested. Hence, methods allowing for
the enumeration of injured coliform bacteria yield more sensitive
determinations of potential health risks. This conclusion is fur-
ther supported by the observation that viruses and waterborne
pathogens that form cysts also are more resistant than indicator
bacteria to environmental stressors.

2. Sample Handling and Collection

Certain laboratory manipulations following sample collection
also may produce injury or act as a secondary stress to the
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organisms.>* These include excessive sample storage time, pro-
longed holding time (more than 30 min) of diluted samples
before inoculation into growth media and of inoculated samples
before incubation at the proper temperature, incorrect media
formulations, incomplete mixing of sample with concentrated
medium, and exposure to untempered liquefied agar media.
Excessive numbers of nonindicator bacteria also interfere with
detection of indicators by causing injury.’
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9212 B. Recovery Enhancement

This section describes some general procedures and consider-
ations regarding recovery of stressed indicator organisms.

For chlorinated samples, insure that sufficient dechlorinating
agent is present in the sample bottle (see Section 9060A.2)."
Collect water samples with elevated concentrations of heavy-
metal ions in a sample bottle containing a chelating agent® (see
Section 9060A.2) and minimize sample storage time (see Section
9060B). Use buffered peptone dilution water rather than buffered
water (see Section 9050C. 1) when preparing dilutions of samples
containing heavy-metal ions. After making dilutions, inoculate
test media within 30 min.

Resuscitation of stressed or injured organisms is enhanced by
inoculating samples and initially culturing organisms in an en-
riched, noninhibitory medium at a moderate temperature.

Although no simple test is available to establish the presence
of injured bacteria in a given sample, bacteria in water known to
contain stressors such as disinfectants or heavy metals frequently
will be injured."* When multiple-tube fermentation test results
consistently are higher than those obtained from parallel mem-
brane filter tests, or there is other indication of suboptimal

recovery, consider injury probable and use one or more of the
following procedures.

1. Recovery of Injured Total Coliform Bacteria Using
Membrane Filtration

a. m-T7 agar: Use m-T7 agar® in the procedure described for
the membrane filter test (see Section 9222B).

Proteose - peptone NO: Fevuresavebommsssivmmsbas v s 50¢g
WERSE BIRanh s on s T g o Sl b oA A A B s 30g
BT e AN S e AR SR || RS { oY 1 T 200 ¢g
v {5 I el | o\ W e, C e S St el o 0.4 mL
Polyoxyethylene ether Wikt idie s b inaddad i gneaisl 50¢g
BromthymolBlie: ] i it o e Salnhed AIad L 0l1g
Bromerese] Pusples:. o e bbb ke S 0 el siiassbinna 0lg
o1 P B T D D S R AT PR R e 150 ¢g
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Adjust to pH 7.4 with 0.1N¥ NaOH after sterilization at 121°C
for 15 min. Aseptically add 1.0 pg penicillin G/mL when me-
dium has cooled to about 45°C.
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After filtering sample place filter on m-T7 agar and incubate at
35°C for 22 to 24 h. Coliform colonies are yellow. Verify not
less than 10% of coliform colonies by the procedure in Section
9222B.5f. With some drinking water samples containing many
non-coliform bacteria, confluent growth occurs. To obtain reli-
able results, carefully distinguish target yellow colonies from
background growth.

b. Addition of sodium sulfite: The addition of sodium sulfite to
some media (0.05 to 0.1%) can improve the detection of coli-
form bacteria following exposure to chloramine but not chlo-
rine.” Such modified medium is applicable to clean-water sys-
tems using chloramination or to chlorinated discharges such as
wastewater effiuent containing high levels of organic com-
pounds.

2. Recovery of Injured Fecal Coliform Bacteria Using
Membrane Filtration

a. Enrichment-temperature acclimation: Use two-layer agar
(M-FC agar with a nonselective overlay medium that does not
contain glucose, i.e., tryptic soy agar) with a 2-h incubation at
35°C followed by 22 h at 44.5°C.° Prepare the M-FC agar plate
in advance but do not add the overlay agar more than 1 h before
use.

Alternatively, use a pre-enrichment in phenol red lactose broth
incub_’aled at 35°C for 4 h followed by M-FC agar at 44.5°C for
22 h.

As a third option, prepare enrichment two-layer medium con-
taining specific additives and incubate for 1.5 h at room temper-
ature8(22 to 26°C) followed by 35°C for 4.5 h and 44.5°C for
18 h.

b. Temperature acclimation:” Modify elevated temperature
procedure by preincubation of M-FC cultures for 5 h at 35°C,
followed by 18 = 1 h at 44.5°C. Use a commercially available
temperature-programmed incubator to make the change from 35
to 44.5°C after the 5 h preincubation period to eliminate incon-
venience and provide a practical method of analysis.

¢. Deletion of suppressive agent: 1% Eliminate rosolic acid from
M-FC medium and incubate cultures at 44.5°C = 0.2°C for 24 h.
Fecal coliform colonies are intense blue on the modified medium
and are distinguished from the cream, gray, and pale-green
colonies typically produced by nonfecal coliforms.

d. Alternative medium-temperature acclimation: Use m-T7
medium with an 8 h incubation at 37°C followed by 12 h at
A4i5e¢. M

¢. Verification of stressed fecal coliform bacteria: Modifica-
tions of media and procedures may decrease selectivity and
differentiation of fecal coliform colonies. Therefore, if any pro-
cedural modifications are used, verify not less than 10% of the
blue colonies from a variety of samples. Use lauryl tryptose
broth (Section 9221B) (35°C for 48 h) with transfer of gas-
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producing cultures to EC broth (Section 9221E) (44.5°C for
24 h). Gas production at 44.5°C confirms the presence of fecal
coliforms.

3. Recovery of Stressed Fecal Streptococci Using
Membrane Filtration

Using bile broth medium yields fecal streptococcus recoveries
comparable with multiple-tube fermentation tests.'® Preincubate
membrane filters on an enrichment medium for 2 h at 35°C and
follow by plating on m-Enterococcus agar (Section 9230) for 48
#+-2ih at35°C.

Verification of stressed fecal streptococci—Verify not less
than 10% of the colonies from a variety of samples using the
confirmed test procedure given in Section 9230B.3.
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9213 RECREATIONAL WATERS*

9213 A.

1. Microbiological Indicators

Recreational waters include freshwater swimming pools,
whirlpools, and naturally occurring fresh and marine waters.
Many local and state health departments require microbiological
monitoring of recreational waters. Historically, the most com-
mon microbiological tests to assess sanitary quality have been
heterotrophic counts and total and fecal coliform tests. Total
coliform tests and heterotrophic counts usually are performed on
treated waters and fecal coliform tests performed on untreated
waters. Although detection of coliform bacteria in water indi-
cates that it may be unsafe to drink, other bacteria have been
isolated from recreational waters that may suggest health risks
through body contact, ingestion, or inhalation. Other bacteria
suggested as indicators of recreational water quality include
Pseudomonas aeruginosa, fecal streptococci, enterococci, and
staphylococci. Ideally, recreational water quality indicators are
microorganisms for which densities in the water can be related
quantitatively to potential health hazards resulting from recre-
ational use, particularly where upper body orifices are exposed to
water. The ideal indicator is the one with the best correlation
between density and the health hazards associated with a given
type of pollution. The most common potential sources of infec-
tious agents in recreational waters include untreated or poorly
treated municipal and industrial effluents or sludge, sanitary
wastes from seaside residences, fecal wastes from pleasure craft,
drainage from sanitary landfills, stormwater runoff, and excre-
tions from animals. In addition, the source of infectious agents
may be the aquatic environment itself. The potential health
hazards from each of these sources are not equal. Exposure to
untreated or inadequately treated human fecal wastes is consid-
ered the greatest health hazard. The presence of microbiological
indicators in treated swimming pools or whirlpools indicate
possible insufficient water exchange, disinfection, and mainte-
nance. Bather density is a major factor in determining the prob-
ability of swimmer-associated illnesses with swimming pools,
particularly when there is insufficient disinfection and water
circulation. The bathers themselves may be the source of pollu-
tion by shedding organisms associated with the mouth, nose, and
skin.

2. Infectious Diseases from Water Exposure

In general, infections or disease associated with recreational
water contact fall into two categories. The first group is gastro-
enteritis resulting from unintentional ingestion of water contam-
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inated with fecal wastes. Enteric microorganisms that have been
shown to cause gastroenteritis from recreational water contact
include Giardia, Cryptosporidium. Shigella, Saimonella, E. coli
0157:H7, Hepatitis A, Coxsackie A and B, and Norwalk virus.
Leptospirosis is not an enteric infection but also is transmitted
through contact with waters contaminated with human or animal
wastes. The second group or category of infections or disease is
associated mainly with microorganisms that are indigenous to
the environment, which include the following: Pseudomonas
aeruginosa, Staphylococcus sp., Legionella sp., Naegleria
Sfowleri, Mycobacterium sp., and Vibrio sp. The illnesses or
waterborne diseases caused by these organisms include derma-
titis or folliculitis, ofitis externa, Pontiac fever, granulomas,
primary amebic meningoencephalitis (PAM), and conjunctivitis.
Commonly occurring illnesses or infections associated with rec-
reational water contact are dermatitis caused by Pseudomonas
aeruginosa and otitis externa, “swimmer’s ear.” frequently
caused by Pseudomonas aeruginosa and Staphylococcus aureus.

3. Microbiological Monitoring Limitations

Routine examination for pathogenic microorganisms is not
recommended except for investigations of water-related illness
and special studies; in such cases, focus microbiological analyses
on the known or suspected pathogen. Methods for several of
these pathogens are given in Section 9260, Detection of Patho-
genic Bacteria, Section 9510, Detection of Enteric Viruses, and
Section 9711, Pathogenic Protozoa. Because some pathogenic
organisms such as Giardia, Cryptosporidium, Mycobacterium,
and Naegleria are more resistant to changes in environmental
conditions than indicator bacteria, routine monitoring may not
always reflect the risk of infection from these organisms. De-
scribed below are recommended methods for microbial indica-
tors of recreational water quality. Consider the type(s) of water
examined in selecting the microbiological method(s) or indica-
tor(s) to be used. No single procedure is adequate to isolate all
microorganisms from contaminated water. While bacterial indi-
cators may not adequately reflect risk of viral, fungal, or parasitic
infection from recreational waters, available technology limits
monitoring for such organisms in routine laboratory operations.
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9213 B. Swimming Pools

1. General Discussion

a. Characteristics: A swimming pool is a body of water of
limited size contained in a holding structure.! The pool water
generally is potable and treated with additional disinfectant but
also may come from thermal springs or salt water. Modern pools
have a recirculating system for filtration and disinfection.

b. Monitoring requirements:

1) General—Monitor water quality in pools for changes in
chemical and physical characteristics that may result in irritation
to the bather’s skin, eyes, and mucosal barriers or may adversely
affect disinfection. Microorganisms of concern typically are
those from the bather’s body and its orifices and include those
causing infections of the eye, ear, upper respiratory tract, skin,
and intestinal or genitourinary tracts. Water quality depends on
the efficacy of disinfection, sanitary conditions, the number of
bathers in the pool at any one time, and the total number of
bathers per day.

2) Disinfected indoor pools—Swimming pools should be dis-
infected continuously when in use. Test swimming pool water
for residual chlorine and pH when the pool is initially opened
and at least three times/d. Collect samples from at least two
locations for these determinations. Evaluate clarity of the swim-
ming pool water before opening for the day and during periods
of heavy usage.” The heterotrophic plate count is the primary
indicator of disinfection efficacy. Indicators of health risk in-
clude normal skin flora that are shed. such as Pseudomonas and
Staphylococcus.*=° These organisms account for a large percent-
age of swimming-pool-associated illnesses. In special circum-
stances Mycobacterium, Legionella, or Candida albicans may be
associated with health risks related to recreational waters. Take
samples for microbiological examination while the pool is in use.
APHA recommends for public swimming pools that not more
than 15% of the samples collected during any 30-d period shall
have a heterotrophic plate count of 200/mL or show a positive
confirmed total coliform test in any of five 10-mL portions of
sample examined with the multiple-tube fermentation test or
more than [ total coliform/50 mL when the membrane filter test
is used. Whenever swimming pool samples are examined for
total staphylococci or Staphylococcus aureus, not more than 50
organisms/100 mL should be present.”

3) Disinfected outdoor pools—Fecal coliform bacteria and
Pseudomonas species are the primary indicators of contamina-
tion from animal pets, rodents, stormwater runoff, and human
sources. Supporting indicators include coliform bacteria, the
heterotrophic plate count, and staphylococei.

4) Untreated pools—The primary indicator may be fecal co-
liform bacteria. Supporting indicators are those described for
diginfected pools. Untreated pools are not recommended for
recreational use due to increased health risks,

2. Samples

a. Containers: Collect samples for bacteriological examina-
tion of swimming pool water as directed in Section 2060A. Use
containers with capacities of 120 to 480 mL, depending on
analyses to be made. Add sufficient sodium thiosulfate,

Na,S,0;, to the sample to provide a concentration of approxi-
mately 100 mg/L in the sample. Do this by adding 0.1 mL of
10% solution of Na,S,0; to a 120-mL bottle or 0.4 mL to a
480-mL bottle. After adding Na,S,05, stopper or cap and ster-
ilize container.

b. Sampling procedure: Collect samples during periods of
maximum bather load. Information on number of bathers may be
helpful in subsequent interpretation of laboratory results. Use
sampling frequency consistent with state and local health regu-
lations.

Collect samples by carefully removing cap of a sterile sample
bottle and holding bottle near the base at an angle of 45 deg. Fill
in one slow sweep down through the water, with the mouth of the
bottle always ahead of the hand. Avoid contamination of the
sample by floating debris. Replace cap. Do not rinse bottle (i.e.,
retain sodium thiosulfate). For pools equipped with a filter,
samples may be collected from sampling cocks provided in the
return and discharge lines from the filter.

Most bacteria shed by bathers are in body oils, saliva, and
mucus discharges that occur near the surface; collect additional
samples of the surface microlayer from the area in l-m-deep
water. Collect microlayer samples by plunging a sterile glass
plate (approximately 20 cm by 20 cm) vertically through the
water surface and withdrawing it upward at a rate of approxi-
mately 6 cm/s. Remove surface film and water layer adhering to
both sides of plate with a sterile silicone rubber scraper and
collect in a sterile glass bottle. Repeat until desired volume is
obtained. To minimize microbial contamination, wrap glass plate
and scraper in metal foil and sterilize by autoclaving before use.
Wear sterile rubber or plastic gloves during sampling or hold
glass plate with forceps, clips, or tongs.

Determine residual chlorine or other disinfectant at poolside at
the time of sample collection (see Section 4500-C1.G). Residual
disinfectant levels, chemical, and physical quality of pool water
should be consistent with local, state, or APHA standards. The
permissible bathing load should adhere to local. state, or APHA-
recommended regulations.

c. Sample storage: Analyze microbiological samples as soon
as possible after collection (see Section 9060B).

d. Sample volume: See Section 9222B.5.

e. Sample dilution: If sample dilutions are required, use 0.1%
peptone water or buffered dilution water as diluent to optimize
recovery of stressed organisms (see Section 9222 for suggested
sample volume). Because peptone water has a tendency to foam,
avoid including air bubbles when pipetting to assure accurate
measure.

3. Heterotrophic Plate Count

Determine the heterotrophic plate count as directed in Section
9215. Use at least two plates per dilution.

4. Tests for Total Coliforms

Determine total coliform bacteria as directed in Sections 9221,
9222, or 9223.
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5. Tests for Fecal Coliforms
Test for fecal coliforms according to the multiple-tube fer-

mentation technique (Section 9221), the membrane filter tech-
nique (Section 9222), or rapid methods (Section 9211).

6. Test for Staphylococci or Staphylococcus aureus

a. Baird-Parker agar base:

Teitadeitl ot Nag, il o e L e B S T 100 g
BEtE X ITACT .y oo sicsmmioetimics b e g A S 85 0 50¢g
FEANTGERIRCE o S crmay Foos Oia Ve iR w.f L e € s b i 1.0g
e AR I e I L U] e LR 120 g
SOQMITBYTUVAIE /s v iy sod s b avabsie suins s s o sk o b s 100 g
| Byidiiit e et ol T e e e oA P B e RS 50g
(] bl crh e B A SR L U L e 200 g
Reagent-giade waler. .. i il mand il 1

Sterilize by autoclaving. Cool to 50°C and aseptically add 50
mL commercial egg yolk tellurite enrichment/L. Mix well. Final
pH should be 7.0 = 0.2.

b. Procedure: Use membrane filter technigue to prepare sam-
ples. Place membrane filter on Baird-Parker agar and incubate at
35 £ 0.5°C for 48 = 4 h, Staphylococci typically form slate gray
to jet black, smooth, entire colonies. If S. aureus is present egg
yolk clearing may be observed if the membrane filter is raised
from the medium. Verify some differentiated colonies with a
commercial multi-test system or on the basis of such key char-
acteristics as catalase reaction, coagulase production, aerobic
and anaerobic acid production from certain carbohydrates, and
typical microscopic morphology.

7. Test for Staphylococcus aureus

Use a modified multiple-tube procedure.
a. Media:
1) M-staphylococcus broth:

Tryptoneiwiam daoiinb s damadaisaliu b ammanes 100 g
YEARL EXITHCL L o ey stsrss op bt ta bt st Ler o manthon 2000 g
Lhctoses sl g deakalan i el L Tat it A 20 g
MaRRitol... Lt b s LR L e e b 100 g
Dipotassium hydrogen phosphate, K,HPO,.............. 510 e
Sodiirm 'chforide NaCL. ... Ll S e L TS50
Soditin azidel NaNgCSC 03l eI, pageants 0.049 g
ReagentgradeWater i i do b it S8iis v sl 1 I

Sterilize by boiling for 4 min; pH should be 7.0 =+ 0.2. For
10-mL inocula prepare and use double-strength medium.

2) Lipovitellenin-salt-mannitol agar: This medium may not
be available in dehydrated form and may require preparation
from the basic ingredients or by addition of egg yolk to a
dehydrated base.

Beetiextharhmmiatd Al deeie st dsva s 1.0 g
Polypeptiiie: AR Idbarea Lo L St s sl A 10,0 g
Sodium chloride, NaCl..........oovieeeeneseereernnnnnns B g
d-Mannitol ........ooivininniineiiii e, 100 g
Al A s AL IR S Bnas ] i fsv 150 g

g

MICROBIOLOGICAL EXAMINATION (9000)

Bueiolle SO L CLlvs it ciss siena AR 200 ¢g
Reagent-grade Water................ocoooviuvinneeannennnn, 1 L

Sterilize by autoclaving; pH should be 7.4 + 0.2.

b. Procedure: Tnoculate tubes of M-staphylococcus broth as
directed in Section 9221. Incubate at 35 = 1°C for 24 h. Hold
original enrichment sample but streak from positive (turbid)
tubes on plates of lipovitellenin-salt-mannitol agar and incubate
at 35 = 1°C for 48 h. Opaque (24 h), yellow (48 h) zones around
the colonies are positive evidence of lipovitellenin-lipase activity
(opaque) and mannitol fermentation (yellow),

If the plate is negative, streak another plate from the original
enrichment tube before discarding. Lipovitellenin-lipase activity
has a 95% positive correlation with coagulase production. If
necessary, confirm positive isolates as catalase-positive, coagu-
lase-positive, fermenting mannitol, fermenting glucose anaero-
bically, yielding typical microscopic morphology, and gram-
positive.

8. Tests for Pseudomonas aeruginosa

Tests for P. aeruginosa are presented in Sections 9213E and F
and include a membrane filter procedure and a multiple-tube
technique.

9. Test for Streptococci or Enterococci

Determine fecal streptococci or enterococci as described in
Section 9230, and, if necessary, perform additional biochemical
tests to identify species.
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9213 C.

1. General Discussion

a. Characteristics: A whirlpool is a shallow pool with a
maximum water depth of 1.2 m: it has a closed-cycle water
system, a heated water supply, and usually a hydrojet recircula-
tion system. It may be constructed of plastic, fiberglass, red-
wood, or epoxy-lined surfaces. Whirlpools are designed for
recreational as well as therapeutic use and may accommodate
one or more bathers. These pools usually are not cleaned,
drained, and refilled after each use. They are located in homes,
apartments, hotels, athletic facilities, rehabilitation centers, and
hospitals.

b. Monitoring requirements: Whirlpool-associated infections
are common because of the inherent design and characteristics of
whirlpools, which include high temperature, reduced disinfec-
tion efficacy, and increased organic material. All these factors
contribute to favorable conditions for growth of microorganisms,
especially Pseudomonas aeruginosa. Studies have shown that
whirlpools can serve as a reservoir of Legionella pneumophila.
Therefore, frequent testing for residual disinfectant levels and
pH, along with scheduled maintenance, is necessary for safe
whirlpool water quality.'

¢. Microbiological indicators: The primary indicator of dis-
infection efficacy is P. aeruginosa, with total coliforms, hetero-
trophic plate count, and staphylococci as supporting indicators of
water quality. The standard index of water quality, i.e., total
coliforms, may be insufficient to judge the microbiclogical qual-
ity of whirlpool water. Pseudomonas aeruginosa is frequently
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U.S. ENVIRONMENTAL PrOTECTION AGENCY. 1985, Test Methods for Esch-
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Procedure. EPA-600/4-85/076.
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Whirlpools

isolated from whirlpool water that is coliform-negative.® In the
event of a whirlpool-associated outbreak, collect samples as
close as possible to the time of the outbreak. Analyze for the
suspected pathogen and P. aeruginosa. Methods for
P. aeruginosa are described in Sections 9213E and 9213F.

d. Sample preservation: Examine samples as soon as possible
after collection. See Section 9060B.
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9213 D. Natural Bathing Beaches

1. General Discussion

a. Characteristics: A natural bathing beach is any area of a
stream, lake, ocean, impoundment, or hot spring that is used for
recreation. A wide variety of pathogenic microorganisms can be
transmitted to humans through use of natural fresh and marine
recreational waters contaminated by wastewater.'” These in-
clude enteric pathogens such as Salmonella, Shigella, enterovi-
ruses, protozoa, multicellular parasites, and “opportunists”™ such
as P. aeruginosa, Klebsiella sp., Vibrio sp., and Aeromonas
fivdrophila, which can multiply in recreational waters with suf-
ficient nutrients. Other organisms of concern are those associated
with the skin, mouth, or nose of bathers, such as Staphylococcus

aureus and other organisms, e.g., nontuberculous mycobacteria
and leptospira, and Naegleria sp.””

b. Monitoring requirements: Historically, fecal coliforms
have been recommended as the indicator of choice for evaluating
the microbiological quality of recreational waters. Many states
have adopted use of this indicator in their water quality stan-
dards. Recent studies have demonstrated that E. coli and entero-
cocci showed a stronger correlation with swimming-associated
gastroenteritis than do fecal coliforms, and that both indicators
were equally acceptable for monitoring fresh-water quality. For
marine water, enterococci showed the strongest relationship of
density to gastroenteritis. The recommended densitics of these
indicator organisms were calculated to approximate the degree
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ol protection previously accepted for fecal coliforms. EPA-
recommended water quality criteria are based on these find-
ings.'" While the primary indicators of water quality are E. coli
and enterococci, the enumeration of P. aeruginosa, Aeromonas
hydrophila, and Klebsiella sp. in recreational waters may be
useful in cases of discharge of pulp and paper wastes and
cifluents from textile finishing plants into receiving waters.

2. Samples

a. Containers: Collect samples as directed in Section 9060A.
The size of the container varies with the number and variety of
tests to be performed. Adding Na,S,0; to the bottle is unneces-
sary.

b. Sampling procedure: Collect samples 0.3 m below the
waler surface in the areas of greatest bather load. Take samples
over the range of environmental and climatic conditions, espe-
cially during times when maximal pollution can be expected, i.¢c..
periods of tidal, current. and wind influences, stormwater runoff,
waslewaler treatment bypasses. See Section 9213B.2b for meth-
ods of sample collection and Section 9222 for suggested sample
volumes.

¢. Sample storage: See Section 9060B.

3. Tests for Escherichia coli

a. Media;
1) mTEC agar:*

Proteose peptone ............ e o A SO Y 50 g
Yeast extract ........oooooiiiiiiiii e 30 g
L 10.0 g
Sodium chloride, NaCl ......... e o A U S T F 75 @
Dipotassium phosphate, K,HPO, oo 33 g
Monopotassium phosphate, KH.PO, ... 1.0 g
Sodium lauryl sulfate ... 02 g
Sodium desoxycholate ... 0.1 g
Bromeresol purple ... 0.08 g
Bromphenol red .....viiciiimiiii e o 0.08 g
A o o S NS et ot o s S A e 150 g
Reagent-grade water ................................... ... 1 L

Sterilize by autoclaving: pH should be 7.3 = 0.2. Pour 4 to 5
mL. liquefied agar into culture dishes (50 % 10 mm). Store in
refrigerator.

2) Urea substrate:*

D 50450k e e s s e 20g
Phenol red ... 10 mg
Reagent-grade wWater.............ooooii v 100 mL

Adjust pH to between 3 and 4. Store at 2 to 8°C. Use within
week.

b. Procedure: Filter sample through a membrane filter (see
Section 9222), place membrane on mTEC agar, incubate at 35 +
0.5°C for 2 h to rejuvenate injured or stressed bacteria, and then
incubate at 44.5 *+ 0.2°C for 22 h. Transfer filter to a filter pad

* Difco or equivalent.

MICROBIOLOGICAL EXAMINATION (9000)

saturated with urea substrate. After 15 min. count vellow or
yellow-brown colonies, using a fuorescent lamp and a magni-
fying lens. £. coli produces yellow or yellow-brown colonies.
Verify a portion of these differentiated colonies with a commer-
cial multi-test system [see Section 9222B.5£2)b)].

4. Tests for Enterococci

Perform tests for enterococei by the multiple-tube technique
(Section 9230B) or membrane filter technique (Section 92300).

5. Tests for Pseudomonas aeruginosa

Perform tests for P. aeruginosa as directed in Sections 9213F
and F. Use the multiple-tube test with samples but note that the
procedures may not be applicable to marine samples.

6. Tests for Salmonella/Shigelia

See Section 9260,
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9213 E. Membrane Filter Technique for Pseudomonas aeruginosa

1. Laboratory Apparatus

See Section 9222B.1.

2. Culture Media

a. M-PA agar: This agar may not be available in dehydrated
form and may require preparation from the basic ingredients.

LAYSINE HCL . o iuiumpusins suvimenpirsoiamn - SRR D0, oty 50 g
Sodidm chloride, NACL:. it G i v et i 50 g
D - e 1 (o MRS & by | B i v s e s R 20 g
b7 [T AR RT3 08 L) o U e b 25 g
SUGTOSE 51 ks STl e vio s tlals A e A B ke A s 125 ¢
Lagtose:. Jeoutk it ke o ae o e b s SRt oy v s 2 1.25 g
Bhenplpeds. o aarmiee Saesis o e, o e i s ik 0.08 g
Ferric, am MO U GRS s ue eisssbmmsssnvsianmsssnsvns sonns 08 g
Sodium thiosulfate, Na;S,05 ....oooiiiiiiiiniiianiniiins 6.8 g
e O S ol 8 21 £ e s b e 41 150 g
REFFONT-gTAGBIWRAIET veoiroiiicsvonsnn scuaninversrammsnes 1 5L

Adjust to pH 6.5 = 0.1 and sterilize by autoclaving. Cool to 55
to 60°C; readjust to pH 7.1 = 0.2 and add the following dry
antibiotics per liter of agar base: sulfapyridine,* 176 mg; kana-
mycin,* 8.5 mg; nalidixic acid,* 37.0 mg; and cycloheximide,*
150 mg. After mixing dispense in 3-mL quantities in 50- X 12-
mm petri plates. Store poured plates at 2 to 8°C. Discard unused
medium after 1 month.

b. Modified M-PA agar.

¢. Milk agar (Brown and Scott Foster Modification):

Mixture A:

Tastant-nonfateailkeilbe . edalzonsiet el omi 100 g

Reagent-grade WateT «u. . s massissssmvse ssunymoes o smsnpias 500 mL
Mixture B:

I Iru et B oo, § RS B poR PR b S s 125 ¢

Sodinm chlohide MNaCl o) SN ANl TR L L 25¢g

AT AGA N ey i S R R 8 PN 150 g

Reagent-grade Waer .. ci..tusisuiiuimamins e ser s 500 mL

* Sigma Chemical Co., St. Louis, MO, or equivalent.

1 Commercially available as M-PA-C agar. Contains magnesium, suifate, kana-
mycin, and nalidixic acid.

¥ Camation or equivalent.

Separately prepare and sterilize Mixtures A and B; cool rap-
idly to 55°C; aseptically combine mixtures and dispense 20 to 25
mL per petri dish.

3. Procedure

a. Presumptive tests: Filter 200 mL or less of natural waters
or up to 500 mL of swimming pool waters through sterile
membrane filters. Place each membrane on a poured plate of
modified M-PA agar so that there is no air space between the
membrane and the agar surface. Invert plates and incubate at
41.5 * 0.5°C for 72 h.

Typically, P. aeruginosa colonies are 0.8 to 2.2 mm in diam-
eter and flat in appearance with light outer rims and brownish to
greenish-black centers. Count typical colonies, preferably from
filters containing 20 to 80 colonies. Use a 10- to 15-power
magnifier as an aid in colony counting.

b. Confirmation tests: Use milk agar to confirm a number of
typical and atypical colonies. Make a single streak (2 to 4 cm
long) from an isolated colony on a milk agar plate and incubate
at 35 = 1.0 °C for 24 h. P. aeruginosa hydrolyzes casein and
produces a yellowish to green diffusible pigment.

4. Interpretation and Calculation of Density

Confirmation is not routinely required. In the absence of
confirmation, report results as the number of presumptive P.
aeruginosa/100 mL.
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9213 F. Multiple-Tube Technique for Pseudomonas aeruginosa

1. Laboratory Apparatus
See Section 9221.
2. Culture Media
a. Asparagine brogh: This medium may not be available in

dehydrated form and may require preparation from the basic
ingredients.

Asparagine; DL A A i i 30g
Anhydrous dipotassium hydrogen phosphate, K,HFPO,...... 1.0 g
Magnesium sulfate, MgSO,TH,O ..., 05¢g
Reagent-grade Watll. ... ouosuertseaiivaiinniianes T T AR 1 L

Adjust pH to 6.9 to 7.2 before sterilization.

b. Acetamide broth: This medium may not be available in
dehydrated form and may require preparation from the basic
ingredients.
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Acetamide’ ..o of ot STt b s 10.0 g
Sodium chloride, NaCl ..........ocoveviiviiiinininnnninnns, 50 g
Anhydrous dipotassium hydrogen phosphate, K,HPO, ...... 1.39 ¢
Anhydrous potassium dihydrogen phosphate, KH,PO, ...... 073 ¢
Magnesium sulfate, MgSO,TH50 ...vovnvvniiiiinnnnnn.... 05 g

Dissolve 1.2 g phenol red in 100 mL 0.01N NaOH and add 1
mL/L of acetamide broth. Use phenol red stock solution within
1 year. Adjust pH to 7.1 to 7.3 before sterilization. Final pH
should be 7.0 * (.2. Prepare acetamide broth as described
above. If agar slants are preferred, prepare as described above
but add 15 g agar/L, heat to dissolve agar, and dispense 8-mL
quantities in 16-mm tubes. After autoclaving, incline tubes while
cooling to provide a large slant surface.

3. Procedure

a. Presumptive test: Perform a five-tube multiple-tube test.
Use 10 mL single-strength asparagine broth for inocula of 1 mL

MICROBIOLOGICAL EXAMINATION (2000Q)

or less and 10 mL double-strength asparagine broth for 10-mL
inocula. For swimming pools, higher dilutions may be necessary.
Incubate inoculated tubes at 35 to 37°C. After 24 h and again
after 48 h of incubation, examine tubes under long-wave ultra-
violet light (black light) in a darkened room. Production of a
green fluorescent pigment constitutes a positive presumptive test.

b. Confirmed test: Confirm positive tubes by inoculating 0.1
mL of culture into acetamide broth or onto the surface of
acetamide agar slants. Development of purple color (alkaline
pH) within 24 to 36 h of incubation at 35 to 37°C is a positive
confirmed test for Pseudomonas aeruginosa.

¢. Computing and reporting results: Refer to Table 9221:1Y
and to Section 9221D.

9215 HETEROTROPHIC PLATE COUNT*

9215 A.

1. Applications

The heterotrophic plate count (HPC), formerly known as the
standard plate count, is a procedure for estimating the number of
live heterotrophic bacteria in water and measuring changes dur-
ing water treatment and distribution or in swimming pools.
Colonies may arise from pairs, chains, clusters, or single cells,
all of which are included in the term “colony-forming units”
(CFU). The final count also depends on interaction among the
developing colonies; choose that combination of procedure and
medium that produces the greatest number of colonies within the
designated incubation time. To compare data, use the same
procedure and medium. Three different methods and four dif-
ferent media are described.

2. Selection of Method

a. Pour plate method: The pour plate method (9215B) is
simple to perform and can accommodate volumes of sample or
diluted sample ranging from 0.1 to 2.0 mL. The colonies pro-
duced are relatively small and compact, showing less tendency to
encroach on each other than those produced by surface growth.
On the other hand, submerged colonies often are slower growing
and are difficult to transfer. A thermostatically controlled water
bath is essential for tempering the agar. Heat shock to bacteria

* Approved by Standard Methods Committee, 2000,

Joint Task Group: 20th Edition—Sandra D. Canning (chair), Kathryn M. Craig,
Ellen P. Flanagan, Timothy I. Ladd, Mark W. LeChevallier, Ansar A. Qureshi,
Donald J. Reasoner, Peggy A. Roefer, Theodore J. Williams, Roy L. Wolfe.
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from the transient exposure of the sample to 45 to 46°C agar may
occur.

b. Spread plate method: The spread plate method (9215C)
causes no heat shock and all colonies are on the agar surface
where they can be distinguished readily from particles and
bubbles. Colonies can be transferred quickly, and colony mor-
phology easily can be discerned and compared to published
descriptions. However, this method is limited by the small vol-
ume of sample or diluted sample that can be absorbed by the
agar: 0.1 to 0.5 mL, depending on the degree to which the
prepoured plates have been dried. To use this procedure, main-
tain a supply of suitable predried, absorbent agar plates.

c. Membrane filter method: The membrane filter method
(9215D) permits testing large volumes of low-turbidity water
and is the method of choice for low-count waters (< 1 to 10
CFU/mL). This method produces no heat shock but adds the
expense of the membrane filter. Further disadvantages include
the smaller display area, the need to detect colonies by reflected
light against a white background if colored filters or contrast
stains are not used, possible damage to cells by excessive filtra-
tion pressures, and possible variations in membrane filter quality
(see Section 9020B.4h).

3. Work Area

Provide a level table or bench top with ample area in a clean,
draft-free, well-lighted room or within a horizontal-flow laminar
hood. Use table and bench tops having nonporous surfaces and
disinfect before any analysis is made.
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4. Samples

Collect water as directed in Section 9060A. Initiate analysis as
soon as possible after collection to minimize changes in bacterial
population. The recommended maximum elapsed time between
collection and analysis of samples is 8 h (maximum transit time
6 h, maximum processing time 2 h). When analysis cannot begin
within 8 h, maintain sample at a temperature below 4°C but do
not freeze. Maximum elapsed time between collection and anal-
ysis must not exceed 24 h.

5. Sample Preparation

Mark each plate with sample number, dilution, date, and any
other necessary information before examination. Prepare at least
duplicate plates for each volume of sample or dilution examined.
For the pour or spread plate methods use sterile glass (65 cm?)
or presterilized disposable plastic (57 cm?®) petri dishes.

Thoroughly mix all samples or dilutions by rapidly making
about 25 complete up-and-down (or back-and-forth) movements.
Optionally, use a mechanical-vortex shaker to shake samples or
dilutions for 15 s.

6. Media

Compare new lots of media with current lot in use according
to Section 9020B.4i.

a. Plate count agar (tryptone glucose yeast agar): Use for
pour and spread plate methods. This high-nutrient agar, widely
used in the past, gives lower counts than R2A or NWRI agar. It
is included for laboratories wishing to make comparisons of
media or to extend the continuity of old data.

TRYPLONE oo s s vl e s e S BT R Fsiaideiaids g 50¢g
Yeast SxtIath, & it s prs s s S N b b iy SRR 25¢g
Glaooseits ., Lad S el N, s AL P 0 S 1.0 g
AgRE AN A SR e e e 150 g
Reagent=grade Water /.. (.. 4 JHERE ks i il L8

pH should be 7.0 £ 0.2 after autoclaving at 121°C for 15 min.
b. m-HPC agar:t Use this high-nutrient medium only for the
membrane filter method.

| e T i e T = .1 200 ¢g
(DTN at g (U e S O - A 250 ¢g
T e e G e T S 10.0 mL
/o s i e e . R s L el L 150 g
Reagentpeatieswaterssf 0, /00 W08 QUL BRIV T =i

Mix all ingredients except glycerol. Adjust pH to 7.1, if
necessary, with 1IN NaOH, heat slowly to boiling to dissolve
thoroughly, add glycerol, and autoclave at 121°C for 5 min.§

¢. R2A agar: Use for pour, spread plate, and membrane filter
methods. This low-nutrient agar gives higher counts than high-
nutrient formulations.

NOAST BN ARG i e 2 T AL S R UE AN L 05¢g
Proteose peptone No. 3 or polypeptone ..........c.coocoiiens 05¢g

+ Formerly called m-SPC agar.
+ This medium may not be sterile; use with care to avoid contamination.
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Casafinotacidseils anemdo. alanms. i cubnly. auhe 05 g
GIIC8G 0 wnen g iy kv st piasarcegl a sndoesavnca brstys 05 g
STl e SR e o e e s 05 g
Dipotassium hydrogen phosphate, KoHPO, ....o..ooiee. 03 g
Magnesium sulfate heptahydrate, MgSO,7H,0 .......... 0.05 g
T N B s e S L e 03 g
Agartlo JONNE, BONOOLYG0 saiiluard, i, SWESTlt. Mhs, 150 g
Reagent-orade: WAty | oo Stal i ok sl s b i b o hble Toehr s

Adjust pH to 7.2 with solid K;HPO, or KH,PO, before adding
agar, Heat to dissolve agar and sterilize at 121°C for 15 min.

d. NWRI agar (HPCA): Use for pour, spread plate, and mem-
brane filter methods. This low-nutrient medium is likely to
produce higher colony counts than high-nutrient media. It is not
currently available in dehydrated form and requires preparation
from the basic ingredients; this makes its usage less desirable.

Pefione s e e L I e LS AR AR 3.0 g
SolublcheartinMiiey, A0 SIVRETIN L ENBRIER. #5305, 06 05 g
K HPO, vk chaon sl I, aas | IR Il 02 g
MBSO, sty i dsslnde e R paiosaloht 8 ol 0.05 g
T o L N T e 0.001 g
D o oo droen s st osit s o wio i aey s Sl st st 150 g
REAgETC-SIade WAIBE .oi.posiisi o vos o dasgnete s s I L

Adjust pH to 7.2 before autoclaving for 15 min at 121°C.

7. Incubation

For compliance monitoring purposes under U.S. EPA’s Sur-
face Water Treatment Rule (40 CFR 141.74), provision on
heterotrophic bacteria, incubate pour plates at 35°C for 48 h.
Otherwise, select from among recommended times and temper-
atures for monitoring changes in water quality. The highest
counts typically will be obtained from 5- to 7-d incubation at a
temperature of 20 to 28°C.

During incubation maintain humidity within the incubator so
that plates will have no moisture weight loss greater than 15%.
This is especially important if prolonged incubation is used. A
pan of water placed at the bottom of the incubator may be
sufficient but note that to prevent rusting or oxidation the inside
walls and shelving should be of high-grade stainless steel or
anodized aluminum. For long incubation in nonhumidified incu-
bators, seal plates in plastic bags.

8. Counting and Recording

a. Pour and spread plates: Count all colonies on selected
plates promptly after incubation. If counting must be delayed
temporarily, store plates at 5 to 10°C for no more than 24 h, but
avoid this as routine practice. Record results of sterility controls
on the report for each lot of samples.

Use an approved counting aid, such as the Quebec colony
counter, for manual counting. If such equipment is not available,
count with any other counter provided that it gives equivalent
magnification and illumination. Automatic plate counting instru-
ments are available. These generally use a television scanner
coupled to a magnifying lens and an electronics package. Their
use is acceptable if evaluation in parallel with manual counting
gives comparable results.
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In preparing plates, pipet sample volumes that will yield from
30 to 300 colonies/plate. The aim is to have at least one dilution
giving colony counts between these limits, except as provided
below.

Ordinarily, do not pipet more than 2.0 mL of sample; however,
when the total number of colonies developing from 2.0 mL is
less than 30, disregard the rule above and record result observed.
With this exception, consider only plates having 30 to 300
colonies in determining the plate count. Compute bacterial count
per milliliter by the following equation:

CRUMIL = colonies counted
~ actual volume of sample in dish, mL

If there is no plate with 30 to 300 colonies, and one or more
plates have more than 300 colonies, use the plate(s) having a
count nearest 300 colonies. Compute the count as above and
report as estimated CFU per milliliter.

If plates from all dilutions of any sample have no colonies,
report the count as less than one (< 1) divided by the corre-
sponding largest sample volume used. For example, if no colo-
nies develop from the 0.01-mL sample volume, report the count
as less than 100 (< 100) estimated CFU/mL.

If the number of colonies per plate far exceeds 300, do not
report result as “too numerous to count” (TNTC). If there are
fewer than 10 colonies/cm?®, count colonies in 13 squares (of the
colony counter) having representative colony distribution. If
possible, select seven consecutive squares horizontally across the
plate and six consecutive squares vertically, being careful not to
count a square more than once. Multiply sum of the number of
colonies in 13 representative square centimeters by 5 to compute
estimated colonies per plate when the plate area is 65 cm®. When
there are more than 10 colonies/cm?, count four representative
squares, take average count per square centimeter, and multiply
by the appropriate factor to estimate colonies per plate. The
factor is 57 for disposable plastic plates and 65 for glass plates.
When bacterial counts on crowded plates are greater than 100
colonies/cm’, report result as greater than (>) 6500 divided by
the smallest sample volume plated for glass plates or greater than
(>) 5700 divided by the smallest sample volume plated for
plastic plates. Report as estimated colony-forming units per
milliliter.

If spreading colonies (spreaders) are encountered on the
plate(s) selected, count colonies on representative portions only
when colonies are well distributed in spreader-free areas and the
area covered by the spreader(s) does not exceed one-half the
plate area.

When spreading colonies must be counted, count each of the
following types as one: a chain of colonies that appears to be
caused by disintegration of a bacterial clump as agar and sample
were mixed; a spreader that develops as a film of growth be-
tween the agar and bottom of petri dish; and a colony that forms
in a film of water at the edge or over the agar surface. The last
two types largely develop because of an accumulation of mois-
ture at the point from which the spreader originates. They fre-
quently cover more than half the plate and interfere with obtain-
ing a reliable plate count.

Count as individual colonies similar-appearing colonies grow-
ing in close proximity but not touching, provided that the dis-
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tance between them is at least equal to the diameter of the
smallest colony. Count impinging colonies that differ in appear-
ance, such as morphology or color, as individual colonies.

If plates have excessive spreader growth, report as “spreaders”
(Spr). When plates are uncountable because of missed dilution,
accidental dropping, and contamination, or the control plates
indicate that the medium or other material or labware was
contaminated, report as “laboratory accident” (LA).

b. Membrane filter method: Count colonies on membrane
filters using a stereoscopic microscope at 10 to 15 X magnifi-
cation. Preferably slant petri dish at 45° angle on microscope
stage and adjust light source vertical to the colonies. Optimal
colony density per filter is 20 to 200. If colonies are small and
there is no crowding, a higher limit is acceptable.

Count all colonies on the membrane when there are = 2
colonies per square. For 3 to 10 colonies per square count 10
squares and obtain average count per square. For 10 to 20
colonies per square count 5 squares and obtain average count per
square. Multiply average count per square by 100 and divide by
the sample volume to give colonies per milliliter, If there are
more than 20 colonies per square, record count as > 2000
divided by the sample volume. Report averaged counts as esti-
mated colony-forming units. Make estimated counts only when
there are discrete, separated colonies without spreaders,

9. Computing and Reporting Counts

The term “colony-forming units™ (CFU) is descriptive of the
methods used; therefore, report all counts as colony-forming
units. Include in the report the method used, the incubation
temperature and time, and the medium. For example: CFU/mL,
pour plate method, 35°C/48 h, plate count agar.

To compute the heterotrophic plate count, CFU/mL, divide
total number of colonies or average number (if duplicate plates
of the same dilution) per plate by the sample volume. Record
sample volumes used and number of colonies on each plate
counted or estimated.

When colonies on duplicate plates and/or consecutive dilu-
tions are counted and results are averaged before being recorded,
round off counts to two significant figures only when converting
to colony-forming units.

Avoid creating fictitious precision and accuracy when com-
puting colony-forming units by recording only the first two
left-hand digits. Raise the second digit to the next higher number
when the third digit from the left is 5, 6, 7, 8, or 9; use zeros for
each successive digit toward the right from the second digit. For
example, report a count of 142 as 140 and a count of 155 as 160,
but report a count of 35 as 35.

10. Analytical Bias

Avoid inaccuracies in counting due to carelessness, damaged
or dirty optics that impair vision, or failure to recognize colonies.
Laboratory workers who cannot duplicate their own counts on
the same plate within 5% and the counts of other analysts within
10% should discover the cause and correct such disagreements,
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9216 B8:

1. Samples and Sample Preparation
See 9215A.4 and 9215A.5.
2. Sample Dilution

Prepare water used for dilution blanks as directed in Section
0050C.

a. Selecting dilutions: Select the dilution(s) so that the total
number of colonies on a plate will be between 30 and 300
(Figure 9215:1). For example, where a heterotrophic plate count
as high as 3000 is suspected, prepare plates with 10~ dilution.

For most potable water samples, plates suitable for counting
will be obtained by plating 1 mL and 0.1 mL undiluted sample
and 1 mL of the 10" dilution.

b. Measuring sample portions: Use a sterile pipet for initial
and subsequent transfers from each container. If pipet becomes
contaminated before transfers are completed, replace with a
sterile pipet. Use a separate sterile pipet for transfers from each
different dilution. Do not prepare dilutions and pour plates in
direct sunlight. Use caution when removing sterile pipets from
the container; to avoid contamination, do not drag pipet tip
across exposed ends of pipets in the pipet container or across lips
and necks of dilution bottles. When removing sample, do not
insert pipets more than 2 to 3 cm below the surface of sample or
dilution.

¢. Measuring dilutions: When discharging sample portions,
hold pipet at an angle of about 45° with tip touching bottom of
petri dish or inside neck of dilution bottle. Lift cover of petri dish
just high enough to insert pipet. Allow 2 to 4 s for liquid to drain
from 1-mL graduation mark to tip of pipet. If pipet is not a
blow-out type, touch tip of pipet once against a dry spot on petri
dish bottom. Less preferably, use a cotton-plugged blow-out-
type pipet and gently blow out remaining volume of sample
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Pour Plate Method

dilution. When (.1-mL quantities are measured, let diluted sam-
ple drain from chosen reference graduation until 0.1 mL has been
delivered. Remove pipet without retouching it to dish. Pipet 1
mL, 0.1 mL, or other suitable volume into sterile petri dish
before adding melted culture medium. Use decimal dilutions in
preparing sample volumes of less than 0.1 mL; in examining
sewage or turbid water, do not measure a ().1-mL inoculum of
original sample, but prepare an appropriate dilution. Prepare at
least two replicate plates for each sample dilution used. After
depositing test portions for each series of plates, pour culture
medium and mix carefully. Do not let more than 20 min elapse
between starting pipetting and pouring plates.

3. Plating

a. Melting medium: Melt sterile solid agar medium in boiling
water or by exposure to flowing steam in a partially closed
container, but avoid prolonged exposure to unnecessarily high
temperatures during and after melting. Do not resterilize plating
medium. If the medium is melted in two or more batches, use all
of each batch in order of melting, provided that the contents
remain fully melted. Discard melted agar that contains precipi-
tate.

Maintain melted medium in a water bath between 44 and 46°C
until used, preferably no longer than 3 h. In a separate container
place a thermometer in water or medium that has been exposed
to the same heating and cooling as the plating medium. Do not
depend on the sense of touch to indicate proper medium tem-
perature when pouring agar.

Use plate count agar, R2ZA agar, or NWRI agar as specified in
Section 9215A.6. Before using a new lot of medium test its
suitability.

b. Pouring plates: Limit the number of samples to be plated in
any one series so that no more than 20 min (preferably 10 min)

Water - 99 mL

sample ke v blank
Delivery volume 1imL 0.1 mL 1mL 0.1 mL
Culture dishes
Acttlalvolume of 4 oy 0.4 mL 0.01 mL 0.001 mL

sample in dish

Figure 9215:1. Preparation of dilutions.
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elapse between dilution of the first sample and pouring of the last
plate in the series. Pour at least 10 o 12 mL liquefied medium
maintained at 44 to 46°C into each dish by gently lifting cover
just high enough to pour. Carefully avoid spilling medium on
outside of container or on inside of dish lid when pouring. When
pouring agar from flasks or tubes that have been held in a water
bath, wipe with clean paper towel and flame the neck before
pouring. As each plate is poured mix melted medium thoroughly
with test portions in petri dish. taking care not to splash mixture
over the edge, by rotating the dish first in one direction and then
in the opposite direction, or by rotating and tilting. Let plates
solidify (within 10 min) on a level surface. After medium solid-
ifies, invert plates and place in incubator.

¢. Sterility controls: Check sterility of medium and dilution
water blanks by pouring control plates for each series of samples.
Prepare additional controls to determine contamination of plates,
pipets. and room air.

4. Incubation

See Section 9215A.7.

5. Counting, Recording, Computing, and Reporting

See Sections 9215A.8 and 9215A.9.
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9215 C. Spread Plate Method

1. Laboratory Apparatus

a. Glass rods: Bend 4-mm-diam fire-polished glass rods, 200
mm in length. 457 about 40 mm from one end. Sterilize before
using.

b. Pipet, glass, 1.1 mL, with tempered. rounded tip. Do not use
disposable plastic pipets.

¢. Turnrable (optional).*

d. Incubator or drying oven, set at 42°C, or laminar-flow hood.

2. Media

See 9215A.6a. ¢. and 4. Tf R2A agar is used best results are
obtained at 28°C with 7 d incubation: if NWRI is used, incubate
at 20°C for 7 d.

* Fisher Scientific. hand operated. No. 08-758 or Lab-Line. motor driven. No.
15800, or equivalent.

3. Preparation of Plates

Pour 15 mL of the desired medium into sterile 100 X 15 or 90
* 15 petri dishes; let agar solidify. Predry plates inverted so that
there is a 2- to 3-g water loss overnight with lids on. See Figure
9215:2, Table 9215:1, or Figure 9215:3. Use predried plates
immediately after drying or store for up to 2 weeks in sealed
plastic bags at 4°C. For predrying and using plates the same day.
pour 25 mL agar into petri dish and dry in a laminar-flow hood
at room temperature (24 to 26°C) with the lid off to obtain the
desired 2- to 3-g weight loss. See Figure 9215:3.

4, Procedure

Prepare sample dilutions as directed in 9215B.2.

a. Glass rod: Pipet 0.1 or 0.5 mL sample onto surface of
predried agar plate. Using a sterile bent glass rod, distribute
inoculum over surface of the medium by rotating the dish by
hand or on a turntable. Let inoculum be absorbed completely into
the medium before incubating.
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Figure 9215:2. Drying weight loss of 15-mL agar plates stored separately, inverted with lids on. Source: Unpublished data. Water Purification Lab., Chicago
Dep. Water.
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Figure 9215:3. Weight loss of 25-mL agar plates (100 x 15 mm) dried separately in a laminar-flow hood at room temperature (24 to 26°C), relative
humidity (30 to 33%), and air velocity 0.6 m/s. Source: Unpublished data. Alberta Environmental Centre, Vegreville, Alta.
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TasLe 9215:1.

MICROBIOLOGICAL EXAMINATION (9000)

ErFecT OF TEMPERATURE OF DRYING ON WEIGHT Loss oF 15-ML AGar PraTes Storen SEpARATELY®

Time for Plates to Lose 1 to 4 g of Water

(Avg. for 5 Plates)

h
Temp Plates Inverted with Lids On Plates Inverted with Lids Removed
g > lg 2g g 4g l g 2g 3g 4g
24 32 64 95 125 3t 7.0 10.5 14.0
17 17 35 51 67 1.7 3.5 53 7.0
50 6 12 18 24 0.7 1.3 1.9 2
60 4 8 12 16 — —_ — —

* Referenced in Canada Centre for Inland Waters Manual. Burlingron, Ont.

b. Pipet: Pipet desired sample volume (0.1, 0.5 mL) onto the
surface of the predried agar plate while dish is being rotated on
a turntable. Slowly release sample from pipet while making one
lo-and-fro motion, starting at center of the plate and stopping 0.5
em from the plate edge before returning to the center. Lightly
touch the pipet to the plate surface. Let inoculum be absorbed
completely by the medium before incubating.

5. Incubation
See 9215A.7.

6. Counting, Recording, Computing, and Reporting
See 9215A.8 and 9215A.9.
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9215 D. Membrane Filter Method

1. Laboratory Apparatus

See Section 9222B.1.

2. Media

See 9215A.6. Use m-HPC agar, or alternatively R2A or NWRI
agar.

3. Preparation of Plates

Dispense 5-mL portions of sterile medium* into 50- x 9-mm
petri dishes. Let solidify at room temperature. Prepared plates
may be stored inverted in a plastic bag or tight container in a
refrigerator, for no longer than 2 weeks.

*m-HPC agar may not be sterile.
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4. Sample Size

The volume to be filtered will vary with the sample. Select a
maximum sample size to give 20 to 200 CFU per filter.

5. Procedure

Filter appropriate volume through a sterile 47-mm, 0.45-pm,
gridded membrane filter. under partial vacuum. Rinse funnel
with three 20- to 30-mL portions of sterile dilution water. Place
filter on agar in petri dish.

6. Incubation

Place dishes in close-fitting box or plastic bag containing
moistened paper towels. Incubate at 35 * 0.5°C for 48 h if using
m-HPC agar, or longer if using R2A medium, or at 20 to 28°C
for 5 to 7 d if using NWRI or R2A agar. Duplicate plates may be
incubated for other time and temperature conditions as desired.

7. Counting, Recording, Computing, and Reporting

See 9215A.8 and 9215A.9. Report as CFU/mL, membrane
filter method, time, medium.
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9216 DIRECT TOTAL MICROBIAL COUNT*

9216 A.

Direct total cell counts of bacteria in water or wastewater
usually exceed counts obtained from heterotrophic plate counts

* Approved by Standard Methods Committee, 2000.

Introduction

and most probable number methods because, unlike those pro-
cedures, direct counts preclude errors caused by viability-related
phenomena such as selectivity of growth media, cell clumping,
and slow growth rates.

9216 B. Epifluorescence Microscopic Method

1. General Discussion

The epifluorescence microscopic method produces direct total
cell counts with relative speed (20 to 30 min from time of
sampling) and sensitivity. It does not permit differentiation of
bacterial cells on the basis of (axonomy, metabolic activity, or
viability, and it cannot be used to estimate the microbial biomass
because of considerable variation in the volume of individual
cells. The method requires an experienced technician who can
distinguish microbial cells from debris on the basis of morphol-
08y

The method consists of sample fixation for storage, staining
with a chemical fluorochrome, vacuum filtration onto a nonfluo-
rescing polycarbonate membrane, and enumeration by counting
with an epifluorescence microscope.

2. Apparatus

a. Microscope, vertical UV illuminator for epifluorescence
with flat field 100X oil immersion objective lens. to give total
magnification of at least 1000X.

b. Counting graticule, ocular lens micrometer® calibrated
with stage micrometer.™

c. Filters,T including excitation filters (KP 490 and LP 455),
beam splitter (LP 510), and barrier filter (LP 520 using mercury
lamp, HBO 50).

d. Blender or vortex mixer.

* Bausch & Lomb No. 31-16-13.
T K. Zeiss or equivalent.
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¢. Filrration unit, suitable for use with 25-mm-diam mem-
brane filters.

J. Membrane filters, polycarbonate,i 25-mm-diam, 0.2-pum
pore size (purchase nonfluorescent or prepare by soaking mem-
brane in Irgalan black [2 g/L. in 2% acetic acid] for 24 h, then rinse
in water and air dry); cellulosic§ 25-mm-diam, 5-um pore size.

2. Syringes, 3-mL, disposable, with disposable syringe filters,
0.2-pm pore size.

h. Test tubes, glass, screw-capped, 13- X 125-mm.

3. Reagents

a. Phosphate buffer: Dissolve 13.6 ¢ KH,PO, in water and
dilute to 1 L. Adjust to pH 7.2 if necessary; filter through 0.2-pum
membrane filter.

b. Fixative, 5.0% (w/v) glutaraldehyde in phosphate buffer.
Prepare fresh daily.

¢. Fluorochrome, 0.1% (w/v) acridine orange|| in phosphate
buffer.

d. Immersion oil, low fluorescing.#

4, Procedure

Collect water samples as directed in Section 9060. Add 9.0
mL sample to test tube containing 1.0 mL fixative. Fixed sam-
ples can be stored at 4°C for up to 3 weeks without significant
decrease in cell numbers.

Disperse and dilute samples from mesotrophic or eutrophic
sources to obtain reproducible results. Mix sample using blender
or vortex mixer, then make tenfold dilutions in phosphate buffer
as necessary. Clean water samples may not require dilution but
larger sample volumes (>100 mL) may be required to obtain
reliable counts.

Place 1 mL sample or dilution on a nonfluorescent polycar-
bonate filter supported by a cellulosic membrane filter in filter

i Nuclepore Corp. or equivalent.

§ Millipore Corp. or equivalent.

|| Sigma Chemical Co., biological grade, or equivalent.
# Cargille Laboratories, Inc., Type B, or equivalent.
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holder. Using disposable sterile syringe filters, add 1 mL fluo-
rochrome and wait 2 min, then add about 3 mL filtered phosphate
buffer to promote more even cell distribution. Alternatively,
combine fluorochrome with sample in a small clean vial, let
react, and add mixture to filter holder. Filter with vacuum (about
13 kPa). Wash with 2 mL phosphate buffer and filter. Remove
polycarbonate filter with forceps and air dry for 1 to 2 min. The
filter can be cut into quarter sections and saved if needed. Place
dried filter on a drop of immersion oil on a clean glass micro-
scope slide. Add a small drop of immersion oil to filter surface.
Gently cover filter with a clean glass cover slip. Samples can be
stored in the dark for several months without significant loss of
fluorescence.

Examine at least 10 randomly selected fields on the filter using
the 100X oil immersion lens to establish that distribution of
microbial cells is uniform and that individual cells can be enu-
merated (if not, dilute sample and repeat). Preferably count 10 to
50 cells per field. Count number of cells in at least 20 squares
using the calibrated counting graticule.

5. Calculations

Calculate the average number of cells per filter. Obtain effec-
tive filter area from specifications of filtration unit. Extrapolate to
determine number of cells per milliliter of sample:

Total cells/mL = (avg cells/square) X (squares/filter)
X (dilution factor) / sample volume, mL.
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9217 ASSIMILABLE ORGANIC CARBON*

9217 A.

1. Significance

Growth of bacteria in drinking water distribution and storage
systems can lead to the deterioration of water quality, violation
of water quality standards, and increased operating costs.
Growth or regrowth results from viable bacteria surviving the

* Approved by Standard Methods Committee, 1997.
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disinfection process and utilizing nutrients in the water and
biofilm to sustain growth.' Factors other than nutrients that
influence regrowth include temperature,” residence time in mains
and storage units,” and the efficacy of disinfection.* Tests to
determine the potential for bacterial regrowth focus on the con-
centration of nutrients,”

Not all organic compounds are equally susceptible to micro-
bial decomposition; the fraction that provides energy and carbon
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for bacterial growth has been called labile dissolved organic
carbon,®® biodegradable organic carbon (BDOC),” or assimila-
ble organic carbon (AOC).” Easily measured chemical surro-
gates for AOC are not available now.'™'' As alternatives to
chemical methods, bioassays have been proposed.”'***

In a bioassay, the growth of a bacterial inoculum to maximum
density can be used to estimate the concentrations of limiting
nutrients; the underlying assumptions of the AOC bioassay are
that nitrogen and phosphorus are present in excess, i.e., that
organic carbon is limiting, and that the bioassay organism(s)
represent the physiological capabilities of the distribution system
microflora. Various bioassay procedures use an inoculum of one
to four species of bacteria®'#!*'>1° growing in log phase or
present in late stationary phase, or may use undefined bacteria
attached to a sand substratum,” suspended in the sample.® or
filtered from the sample and then resuspended.'* Incubation
vessels vary as to material,'” size,"' closure,'® and cleaning
procedure.”'®'” Water to be tested for nutrient concentrations
has been variously prepared.>’'* The AOC bioassay is an indi-
rect or surrogate method, wherein nutrient concentrations are not
measured directly, but colony-forming units (CFU) of the bio-
assay organism(s) are the test variable. Nutrient concentrations
have been estimated directly from changes in dissolved organic
carbon concentrations within the test vessel” or indirectly from
epifiuorescence microscopic counts of the maximum number of
bacterial cells grown,*** turbidity,"* or incorporation of tritiated
thymidine into bacterial DNA.®?° CFU densities, total cell den-
sities, or bacterial production are converted to nutrient concen-
tration by the growth yield of bacteria, defined as either the ratio
between CFU or cells produced and organic carbon used, or
biomass produced and organic carbon used.*®

2. Selection of Method

The method described below is a two-species bioassay using
Pseudomonas fluorescens strain P-17 and Spirillum strain NOX
(van der Kooij)'® that has been modified to reduce problems of
bacterial and carbon contamination.'™'? It uses a defined inoc-
ulum and miniaturized incubation vessels, requires no special-
ized equipment, and has been related to the presence of coliforms
in a drinking water distribution system.?” The two-species inoc-
ulum probably underestimates the total guantity of AOC, is
consistently lower than BDOC estimates, and does not provide
an estimate of refractory organic carbon.* Critical aspects of the
proposed method, including the preparation of the incubation
vessel, test water, and inoculum, and enumeration of the test
organisms, arc transferable to alternate AOC assays that use a
different defined inoculum.

With an undefined bacterial inoculum, enumeration by the
spread plate technique is not applicable; alternate response vari-
ables, such as changes in dissolved organic carbon (DOC) con-
centration, turbidity, epifluorescence microscopic counts, bacte-
rial mortality, or bacterial growth, have been used.®”'*

3. Sampling and Storage

Follow precautions outlined in Section 9060A and B for
collecting and storing samples. Pasteurized and dechlorinated
water samples probably can be held for several days without
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deterioration if properly sealed. Initiate the AOC assay as
quickly as possible after pasteurization (see § B.4¢).
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9217 B. Pseudomonas fluorescens Strain P-17, Spirillum Strain NOX Method

1. General Discussion

a. Principle: The AOC bioassay using Pseudomonas fluores-
cens strain P-17 and Spirillum strain NOX involves growth to a
maximum density of a small inoculum in a batch culture of
pasteurized test water. Pasteurization inactivates native micro-
flora. The test organisms are enumerated by the spread plate
method for heterotrophic plate counts (Section 9215C) and the
density of viable cells is converted to AOC concentrations by an
empirically derived yield factor for the growth of P-17 on
acetate-carbon and NOX on oxalate-carbon as standards. The
number of organisms at stationary phase is assumed to be the
maximum number of organisms that can be supported by the
nutrients in the sample and the yields on acetate carbon and
oxalate carbon are assumed to equal the yield on naturally
occurring AOC.!?

b. Interferences: Untreated surface waters, especially those with
high concentrations of suspended solids or high turbidity, can con-
tain large numbers of spore-forming bacteria that may survive
pasteurization, grow, and interfere with the enumeration of P-17 and
NOX on spread plates. Such waters generally have high AOC

concentrations and can be diluted with organic-free water amended
with mineral salts or prefiltered through carbon-free filters. Potable
waters that have been disinfected and carry a disinfectant residual
will inhibit growth of the test organism unless the disinfectant is
neutralized. Surface waters from reservoirs treated with copper
sulfate also may be inhibitory unless a chelating agent is added to
the sample.” and lime-softened waters with elevated pH values may
require pH adjustment. Any amendment to a sample requires a
control for AOC contamination.

c. Minimum detectable concentration: In theory, concentra-
tions of less than 1 pg C/L can be detected. In practice, organic
carbon contamination during glassware preparation and sample
handling imposes a limit of detection of approximately 5 to 10
ng AOC/L.

2. Apparatus

a. Incubation vessels: Organic-carbon-free borosilicate glass
vials (45 mL capacity) with TFE-lined silicone septa.

b. Incubator, set at 15 * 0.5°C.

¢. Hot water bath capable of achieving and holding 70°C.
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d. Continuously adjustable pipet* capable of delivering be-
tween 10 and 100 L.

e. Erlenmeyer flask, 125-mL, with ground-glass stopper.

1. Apparatus for preparing dilution water and making hetero-
trophic plate counts: See Sections 9050C and 9215C.

3. Reagents

a. Sodium acetate stock solution, 400 mg acetate-C/L: Dis-
solve 2,267 g CH3COONa - 3H,0 in | L organic-carbon-free,
deionized water. Transfer to 45-mL vials, fill to shoulder, cap
tightly, and autoclave. Although standard autoclave practice is to
loosen caps, keep vials with septa capped tightly for autoclaving.
Store at 5°C in tightly capped vials. Solution may be held for up
to 6 months.

b. Sodium thiosulfate solution: Dissolve 30 g Na,S,0;in 1 L
deionized water. Transfer to 45-mL vials and autoclave as di-
rected in q 3a.

¢. Buffered water: See Section 9050C.

d. R2A agar: See Section 9215A.6¢.

e. Sodium persulfate solution, 10% (w/v): Dissolve 100 g
Na,S5,04 in 1 L deionized water.

[. Organic-free water: See Section 5710B.3e. Alternatively,
use HPLC-grade bottled water,

& Mineral salts solution: Dissolve 171 mg K,HPO,, 767 mg
NH,CIL, and 1.444 g KNO; in 1 L carbon-free water. Transfer to
45-mL vials and autoclave as directed in { 3a.

h. Cultures of strains P-17 (ATCC 49642) and NOX (ATCC
49643).1

4. Procedure

a. Preparation of incubation vessels; Wash 45-mL vials with
detergent, rinse with hot water, 0.1N HCI two times, and deion-
ized water three times, dry, cap with foil, and heat to 550°C for
6 h. Soak TFE-lined silicone septa in a 10% sodium persulfate
solution for I h at 60°C; rinse three times with carbon-free
deionized water. Alternatively, use pre-cleaned water sampling
vials* or an equivalent AOC-free vial.i Use same cleaning
procedure for all glassware.

b. Preparation of stock inoculum; Prepare individual turbid sus-
pensions of P-17 and NOX by transferring growth from a slant
culture on R2A agar into 2 to 3 mL filtered (0.2 um), autoclaved
sample. Use slant not older than 6 months. The autoclaved sample
can be any water that supports growth of P-17 and NOX and is
organic-carbon-limited. Neutralize chlorinated samples with so-
dium thiosulfate (42 uL/50 mL). Transfer 100 uL of suspension to
50 mL filtered, autoclaved sample in a sterile 125-mL ground-glass-
stoppered erlenmeyer flask. Add 125 ul. sodium acetate solution
(suspension contains 1 mg acetate-C/L). Incubate at room temper-
are (= 25°C) until the viable cell count reaches the stationary
phase. Organic-carbon limitation will insure complete utilization of
acetate-C so that no AOC is transferred with the inoculum. The
stationary phase is reached when the viable cell count, as measured
by spread plates. reaches maximum value. Store stock cultures for

* Eppendort or equivalent.
T Available from the American Type Culture Collection.
1 Pierce Vari-Clean.
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not more than 6 months at 5°C. Before inoculating a bioassay
vessel, make a viable count of the culture (spread plate) to deter-
mine the appropriate volume of inoculum to be added to each
bioassay vessel.

c. Preparation of incubation water: Collect samples directly
into 10 45-mL vials. Use 9 vials for AOC measurement and 1 for
growth control. Fill each vial to the neck (40 mL) within as short
a time as possible. Place septa on the vials, TFE side down, and
secure with open-topped screw caps. Alternatively, collect 500
mL sample in an organic-carbon-free vessel and pour into each
vial. Neutralize samples containing disinfectant residuals with 33
L sodium thiosulfate solution added to each vial or 0.5 mL per
500-mL sample. Preferably, collect an extra vial to check for
residual chlorine after neutralization. In the laboratory, cap vials
tightly and pasteurize in 70°C water bath for 30 min.

d. Inoculation and incubation: Cool, inoculate with 500 col-
ony-forming units (CFU)/mL each of P-17 and NOX, either by
injecting through the septum or by removing cap and using a
carbon-free pipet. Plastic, sterile tips for continuously adjustable
pipets are suitable. Use the following equation to calculate
volume of inoculum:

(500 CFU/mL) X (40 mL/vial)
CFU/mL stock inoculum

Volume of inoculum =

Hold vials at 15°C in the dark for 1 week. If a 15°C incubator
is unavailable, incubate at room temperature not to exceed 25°C.
Because incubation temperature influences growth yield, record
and report temperature. Determine yields as directed below if an
alternative temperature is used.

e. Enumeration of test bacterium: On incubation days 7, 8, and 9
remove three vials from the incubator. Sample an individual vial on
only 1 d. Shake vials vigorously for 1 min, remove 1 mL with a
sterile pipet, and prepare a dilution series (see Section 9215B). Plate
three dilutions (10~%, 10~%, and 10~*) in duplicate. Incubate plates
at 25°C for 3 to 5 d and score the number of colonies of each strain.
P-17 colonies appear on plates first; they are 3 to 4 mm in diameter
with diffuse yellow pigmentation. NOX colonies are small (1- to
2-mm diam) white dots. It may be necessary to count P-17 and
NOX colonies at different dilutions. Sample vials on three separate
days to check whether maximum density has been reached. Day-
to-day variations of between 11 and 16% of the mean for batch
cultures of P-17 in stationary phase are typical.' A consistent
increase in cell densities of 20% or more over the 3-d period
indicates that the cultures are not in stationary phase; repeat assay
with longer incubation period. Alternatively, collect more samples
(three for each additional sampling day) and prepare as in | ¢ above
so that extended incubation can be used. A sharp population de-
crease of approximately 0.5 log over the 3 d is unusual, but may
occur. If this happens repeat the assay.

[. Determination of yield of P-17 and NOX: The yields of P-17
and NOX on model carbon compounds should be constant if
organic carbon is limiting and the incubation temperature is kept
constant. It is acceptable to use the previously derived empirical
yield values of 4.1 X 10° CFU P-17/ug acetate-C, 1.2 X 107
CFU-NOX/pg acetate-C, and 2.9 X 10° CFU-NOX/ug ox-
alate-C at 15°C.> However, the determination of a vield control
provides an important check on both the bicassay (see also 6.
Quality Control, below) and carbon limitation in the sample.
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5. Calculation

a. AQC concentration: Average viable count results for the 3 d
and caleulate concentration of AOC as the product of the mean
of the viable counts and the inverse of the yield:

g AOC/L = [(mean P-17 CFU/mL)(1/vield)
+(mean NOX CFU/mL)(1/yield)](1000 mL/L)

When the empirical yield factors® are used, the equation
becomes:

pg AOC/L = [(mean P-17 CFU/mL)(pg acetate-C/4.1 X 10® CFU)
+(mean NOX CFU/mL)(pug oxalate-C/2.9 X 10° CFU))
(1000 mL/L)

or

ug AOC/L = [(mean P-17 CFU/mL)(2.44 x 1077 g acetate-C/CFU)
+(mean NOX CFU/mL)(3.45 % 1077 ug oxalate-C/CFU))
(1000 mL/L)

In practice, the densities of organisms vary during the station-
ary phase. Using average density over 3-d period provides a
more accurate estimate of the real maximum density.

Reporting AOC as g C/L assumes that the yields on acetate
and oxalate are equal to the yields on naturally occurring AOC.
To permit data comparisons report incubation temperature, con-
tribution of each species to AOC, and yield factors used.

6. Quality Control

See Section 9020B for general quality control procedures.
Quality control specific to the AOC bioassay includes testing the
inoculum for purity and viability by plating a portion on RZA
agar, testing the incubation vessel, inoculum, thiosulfate solu-
tion, and any supplemental procedure such as filtration or dilu-
tion for organic carbon contamination, testing the P-17 and NOX
inocula for yield, and testing the sample for carbon limitation or
inhibition of assay organisms. Test all deviations in procedure
(see 9 61).

To make these tests, use separate controls for blank, yield, and
growth. The controls outlined below use a single vial and are
meant as a trouble-shooting guide. Definitive determination, for
example, that the yield is different from a published value or that
a sample is inhibitory, requires replication and statistical analy-
8is.

a. Blank control: Dilute mineral salts solution 10:1 with car-
bon-free water. Follow procedures outlined above: Fill a vial to
the shoulder with organic-carbon-free water, add 100 uL mineral
salts and 100 pL sodium thiosulfate, pasteurize, inoculate with
P-17/NOX. incubate, and enumerate growth.

b. Yield control: Dilute sodium acetate or sodium oxalate
solution 10:1 with carbon-free water, preparing 40 mg C/L
working concentrations. Follow procedures outlined above: Fill
a vial to the shoulder with carbon-free water, add 100 uL
mineral salts, 100 pL sodium thiosulfate, and 100 wL sodium
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acetate or sodium oxalate working solution. pasteurize, inoculate
with P-17/NOX, incubate, and enumerate growth. P-17, unlike
NOX, will not grow with oxalate as sole carbon source (oxalate
is considered a major by-product of ozonation). NOX growth in
HPLC-grade water presumed to be organic carbon-free is to be
expected. The yield control is a quality control measurement and
is not intended to provide a conversion factor for the calculation
of AOC.

c. Growth control: Use additional sample of test water col-
lected with the nine AOC vials, (] 4¢ above) but amend with 100
pL diluted mineral salts and 100 L of dilnted acetate or oxalate
solution per vial before pasteurization. As with other controls,
inoculate with P-17/NOX, incubate, and enumerate growth.

d. Yield calculations: If previously derived empirical yield
values (see J 4f above) are not used, a conversion factor can be
derived empirically by using pure cultures of P-17 and NOX.
Mixed cultures of the organisms cannot be used and a separate
blank control for each species is required. Convert density units
to CFU/L by multiplying CFU/mL by 1000, and divide by 100
g acetate or oxalate-C/L. Express yield as CFU P-17 or NOX/
g acetate-C or oxalate-C. For P-17 and acetate-C, the equation
is:

[(P-17 CFU/mL.:yield control)—(P-17 CFU/mL:blank control)]
X (1000 mL/L)

100 g acetate-C/L

Yield

P-17 CFU/ug acetate-C

e. Interpretation of growth control: Subtract densities of P-17
and NOX that grew in the sample amended with only thiosulfate
from the densities of P-17 and NOX that grew in the growth
control. Compare difference to the difference between yield and
blank controls.

If: (growth control — sample) = (yield control — blank control)
Then: sample is carbon-limited and not inhibitory

If: (growth control — sample) < (yield control — blank control)
Then: sample is inhibitory to bioassay organism

If: (growth control — sample) > (yield control — blank control)

Then: sample is not carbon-limited

[ Supplemental procedure check: When using supplemental
procedures such as filtration, dilution, or chemical amendment
check for carbon contribution to the AOC values. To test a
procedure, use carbon-free water and blank control as a base
line. Perform the supplemental procedure on additional carbon-
free water and compare to densities of P-17 and NOX that grow
in the blank control.

7. Precision and Bias

The P-17 bioassay performed in a single laboratory using
45-mL vials had a precision of £ 17.5% based on a total of 58
assays with 14 different sa.mplcs.ﬁ
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9218 AEROBIC ENDOSPORES*

9218 A.

1. Description

Endospores are dormant, environmentally resistant structures
that are formed by certain genera of bacteria. The majority of
aerobic-endospore-forming bacteria are harmless, saprophytic
organisms found in soil and water, The process of sporulation is
initiated by vegetative cells of aerobic-endospore-forming bac-
teria in response to adverse environmental conditions. The bac-
teria can persist in the endospore form for an extended period of
time, Under favorable conditions, such as a readily available
nutrient supply, the endospores convert back to the vegetative
bacterial cell stage in a process known as germination. Unlike
vegetative cells, endospores are very resistant to environmental
pressures such as heat, desiccation, and irradiation.

2. Detection and Applications

Aerobic endospores are ubiguitous in the environment. Detec-
tion of indigenously occurring aerobic endospores in water is
accomplished by exposing the sample to a heat treatment to
inactivate any vegetative cells; the heat treatment does not inac-
tivate the endospores. The sample is then plated onto a nonse-
lective nutrient medium and incubated aerobically at 35°C. The

* Approved by Standard Methods Committee, 2001.
Joint Task Group: Clifford H. Johnson (chair), Kathleen E. Atterbury.
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endospores germinate and form bacterial colonies. The vast
majority of these organisms will be species of Bacillus.

Analysis for aerobic endospores can be used to evaluate a
variety of water treatment unit processes including physical
removal processes (coagulation, clarification) and disinfec-
tion."* Most surface water sources, with the exception of some
lakes and reservoirs, contain sufficient levels of endospores to
determine order of magnitude removal efficiencies. Since endo-
spores are highly resistant structures, they are also used for
determining the efficacy of processes such as halogen, ozone,
and ultraviolet inactivation. Analyzing for endospores in ground-
water is a means of evaluating whether a given groundwater
source is under the influence of surface water.” The procedure
also has been used to evaluate the efficacy of river-bank infil-
tration. The presence of endospores may be used to determine
the physical integrity of drinking water distribution systems that
may have been compromised by pipeline breaks or maintenance
procedures.

3. References

1. Ricg, EW,, KR, Fox, R.J. MiLiner, D.A, Lyt.e & C.H. JOHNSON.
1996. Evaluating plant performance with endospores. J. Amer. Water
Works Assoc, 88:122.

2. Nmminskr, E.C., W.D. BELLamy & L.R. Moss. 2000. Using surrogates
to improve plant performance. J. Amer. Water Works Assoe. 92:67.

3. Schuserr, RH.W. 1975. The detection of spores of the Bacillus
species within the scope of the hygienic control of water pollution.
Zbl. Bakt. Hyg., I. Abt, Orig. B 160:155.



9-48

MICROBIOLOGICAL EXAMINATION (9000}

9218 B. Membrane Filter Method

1. Apparatus

a. Bottles or erlenmeyer flasks with closures, suitable for
sample size chosen and capable of withstanding hot and cold
temperatures.

b. Culture dishes; See Section 9222B.1e.

c. Filtration units: See Section 9222B.1f.

d. Water bath, preferably shaking style, capable of heating
samples to 80°C.

e. Thermomerer.

2. Materials and Culture Media

a. Nutrient agar plus trypan blue:

PEPLONE. ,vvorsersermmonsuranmpasnsmmenssnesmamesssrsmnsmnns 50 g
BecPERIBEE vonvvnsmimanmeinivinississsvesse et s s s 30 g
TIVPANIIE siicimismmrimn s s m e v m v A iy 0.015g
e Lo mm K T E LB 0 e b T 150 1g
Reagent-grade watr .o vegsasoasvss 1.0 L

Heat to near boiling to dissolve agar. Sterilize by autoclaving
for 15 min at 121°C. After autoclaving, cool to 50°C and
dispense aseptically into 50- X 9-mm plastic culture plates with
loose-fitting lids. The pH should be 6.8 * (.2. Refrigerated
medium can be held for 20 d at 4 to 8°C.

3. Procedure
a. Sample size: See Section 9222B.54.

b. Heat treatment of sample: Distribute samples into bottles or
erlenmeyer flasks (] 2a). Prepare a pilot control flask equipped

9221

with a closure that includes a thermometer, containing the same
volume as that of the water sample in the test flasks, Place
control flask into the water bath along with the samples, When
using a water bath with shaker, agitate samples at 60 to 80 rpm.
If a shaking bath is not available, periodically shake samples by
manual swirling. Monitor temperature in pilot control flask.
When pilot flask reaches desired temperature, begin timing and
hold sample for the specified time. At a temperature of 75°C heat
samples for 15 min; at a temperature of 80°C heat samples for 10
min.'” At the end of heat treatment, cool samples immediately in
a bath containing a slurry of wet ice. Let samples cool to
approximately room temperature.

c. Filtration of samples and counting: Filter samples as de-
scribed in Section 9222B.5c. Place membrane filter on agar
surface and incubate for 24 + 2 h at 35 + 0.5°C. Count colonies
with a low-power (10 to 15 magnifications) binocular wide-field
dissecting microscope or other optical device. Consider any
bacterial colonies growing on the membrane as aerobic spore-
forming bacteria.

d. Interpretation:

For colony counting procedure see Section 9215A.86.

4, References

1. Ricg, EEW., K.R. Fox, R.J. Miuiner, D.A. LytLe & C.H. Jounson.
1996. Evaluating plant performance with endospores. J. Amer. Water
Works Assoc. 88:122.

2. BarBeau, B., L. BouLos, R. DESIARDINS, J. COALLIER, M. PrEvosT &
D. Duchesne. 1997. A modified method for the enumeration of
aerobic spore-forming bacteria. Can. J. Microbiol. 43:976.

MULTIPLE-TUBE FERMENTATION TECHNIQUE FOR MEMBERS OF THE

COLIFORM GROUP*

9221 A.

The coliform group consists of several genera of bacteria
belonging to the family Enterobacteriaceae. The historical defi-
nition of this group has been based on the method used for
detection (lactose fermentation) rather than on the tenets of
systematic bacteriology. Accordingly, when the fermentation
technique is used, this group is defined as all facultative anaer-
obic, gram-negative, non-spore-forming, rod-shaped bacteria

* Approved by Standard Methods Committee, A-E, 1999; F, 2001.

Joint Task Group: (9221C): Eugene W. Rice (chair), Paul S. Berger, James A.
Clark, Stephen C. Edberg, Wallace E. Garthright, Nancy H. Hall, Shundar Lin;
(9221F): Mark C. Meckes (chair), Paul S. Berger, James A. Clark, Wallace E.
Garthright, Nancy H. Hall, Shundar Lin.
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that ferment lactose with gas and acid formation within 48 h at
33°C,

The standard test for the coliform group may be carried out
either by the multiple-tube fermentation technique or presence-
absence procedure (through the presumptive-confirmed phases
or completed test) described herein, by the membrane filter (MF)
technique (Section 9222) or by the enzymatic substrate coliform
test (Section 9223). Each technique is applicable within the
limitations specified and with due consideration of the purpose
of the examination. Production of valid results requires strict
adherence to quality control procedures. Quality control guide-
lines are outlined in Section 9020.

When multiple tubes are used in the fermentation technique,
results of the examination of replicate tubes and dilutions are
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reported in terms of the Most Probable Number (MPN) of
organisms present. This number, based on certain probability
formulas, is an estimate of the mean density of coliforms in the
sample. Coliform density, together with other information ob-
tained by engineering or sanitary surveys, provides the best
assessment of water treatment effectiveness and the sanitary
quality of source water.

The precision of each test depends on the number of tubes
used. The most satisfactory information will be obtained when
the largest sample inoculum examined shows gas in some or all
of the tubes and the smallest sample inoculum shows no gas in
all or a majority of the tubes. Bacterial density can be estimated
by the formula given or from the table using the number of
positive tubes in the multiple dilutions (9221C.2). The number of
sample portions selected will be governed by the desired preci-
sion of the result. MPN tables are based on the assumption of a
Poisson distribution (random dispersion), However, if the sam-
ple is not adequately shaken before the portions are removed or
if clumping of bacterial cells oceurs, the MPN value will be an
underestimate of the actual bacterial density.

1. Water of Drinking Water Quality

When drinking water is analyzed to determine if the quality
meets the standards of the U.S. Environmental Protection
Agency (EPA), use the fermentation technique with 10 replicate
tubes each containing 10 mL, 5 replicate tubes each containing
20 mL, or a single bottle containing a 100-mL sample portion.
When examining drinking water by the fermentation technique,
process all tubes or bottles demonstrating growth with or without
a positive acid or gas reaction to the confirmed phase (9221B.2).
Apply the completed test (9221B.3) to not less than 10% of all
coliform-positive samples per quarter. Obtain at least one posi-
tive sample per quarter. A positive EC broth (9221E) or a
positive EC MUG broth (9221F) test result is considered an
alternative to the positive completed test phase.

For the routine examination of public water supplies the object
of the total coliform test is to determine the efficiency of treat-
ment plant operation and the integrity of the distribution system.
It is also used as a screen for the presence of fecal contamination.

A high proportion of coliform occurrences in a distribution
system may be attributed not to treatment failure at the plant or
the well source, but to bacterial regrowth in the mains. Because
it is difficult to distinguish between coliform regrowth and new
contamination, assume all coliform occurrences to be new con-
tamination unless otherwise demonstrated.

2. Water of Other than Drinking Water Quality

In the examination of nonpotable waters inoculate a series of
tubes with appropriate decimal dilutions of the water (multiples
and submultiples of 10 mL), based on the probable coliform
density. Use the presumptive-confirmed phase of the multiple-
tube procedure. Use the more labor-intensive completed test
(9221B.3) as a quality control measure on at least 10% of
coliform-positive nonpotable water samples on a seasonal basis.
The object of the examination of nonpotable water generally is to
estimate the density of bacterial contamination, determine a
source of pollution, enforce water quality standards, or trace the
survival of microorganisms. The multiple-tube fermentation
technique may be used to obtain statistically valid MPN esti-
mates of coliform density. Examine a sufficient number of sam-
ples to yield representative results for the sampling station.
Generally, the geometric mean or median value of the results of
a number of samples will yield a value in which the effect of
sample-to-sample variation is minimized.

3. Other Samples

The multiple-tube fermentation technique is applicable to the
analysis of salt or brackish waters as well as muds, sediments,
and sludges. Follow the precautions given above on portion sizes
and numbers of tubes per dilution.

To prepare solid or semisolid samples weigh the sample and
add diluent to make a 107" dilution. For example, place 50 g
sample in sterile blender jar, add 450 mL sterile phosphate buffer
or 0.1% peptone dilution water, and blend for 1 to 2 min at low
speed (8000 rpm). Prepare the appropriate decimal dilutions of
the homogenized slurry as quickly as possible to minimize
settling.

9221 B. Standard Total Coliform Fermentation Technique

1. Presumptive Phase

Use lauryl tryptose broth in the presumptive portion of the
multiple-tube test. If the medium has been refrigerated after
sterilization. incubate overnight at room temperature (20°C)
before use. Discard tubes showing growth and/or bubbles.

a. Reagents and culture medium:

1) Lawuryl tryptose broth:

B0 BT ER e o o ) it i S AT 200 g
LiSctoRE: e i WU S reco, s, Asshal LG, el 50 g
Dipotassium hydrogen phosphate, KoHPO .. viiuinnnns 275¢g

Potassium dihydrogen phosphate, KH,PO, .............. 275¢g

Sodium chloride, NaCl.. . iuuruirisisininse st irnnenonesss 50 g
Sodium lauryl sulfate. .. U 01 g
Reagentiprade waterl 1 Toul, sov oLt L L )

Add dehydrated ingredients to water, mix thoroughly, and heat to
dissolve. pH should be 6.8 *+ 0.2 after sterilization. Before steril-
ization, dispense sufficient medium, in fermentation tubes with an
inverted vial, to cover inverted vial at least one-half to two-thirds
after sterilization. Alternatively, omit inverted vial and add 0.01 g/LL
bromcresol purple to presumptive medium to determine acid pro-
duction, the indicator of a positive result in this part of the coliform
test. Close tubes with metal or heat-resistant plastic caps,
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TasLe 9221:1. PREPARATION OF LAURYL TRYPTOSE BROTH

Dehydrated Lauryl

Amount of Volume of Medium Tryptose Broth
Inoculum Medium in Tube + Inoculum Required

mL ml. ml g/L

1 10 or more 11 or more 35.6

10 10 20 71.2

10 20 30 534

20 10 30 106.8

100 50 150 106.8

100 35 135 1871

100 20 120 2136
Make lauryl tryptose broth of such strength that adding 100- Ol C Al e R L R B T R o L s 200 g
mL, 20-mL, or 10-mL portions of sample to medium will not Brilliant green .. .....ouiinimmnnrs s 0.0133 g
Reagent-grade’ waters..o wsi bt landabuludsa il L

reduce ingredient concentrations below those of the standard
medium. Prepare in accordance with Table 9221:L

b. Procedure:

1) Arrange fermentation tubes in rows of five or ten tubes each
in a test tube rack. The number of rows and the sample volumes
selected depend upon the quality and character of the water to be
examined. For potable water use five 20-mL portions, ten 10-mL
portions, or a single bottle of 100 mL portion: for nonpotable
water use five tubes per dilution (of 10. 1, 0.1 mL, etc.).

In making dilutions and measuring diluted sample volumes,
follow the precautions given in Section 9215B.2. Use Figure
9215:1 as a guide to preparing dilutions. Shake sample and
dilutions vigorously about 25 times. Inoculate each tube in a set
of five with replicate sample volumes (in increasing decimal
dilutions, if decimal quantities of the sample are used). Mix test
portions in the medium by gentle agitation.

2) Incubate inoculated tubes or bottles at 35 = 0.5°C. After 24
=+ 2 h swirl each tube or bottle gently and examine it for growth,
gas, and acidic reaction (shades of yellow color) and, if no gas or
acidic reaction is evident, reincubate and reexamine at the end of
48 = 3 h. Record presence or absence of growth, gas, and acid
production. If the inner vial is omitted, growth with acidity
signifies a positive presumptive reaction.

¢. Interpretation: Production of an acidic reaction or gas in the
tubes or bottles within 48 = 3 h constitutes a positive presump-
tive reaction. Submit tubes with a positive presumptive reaction
to the confirmed phase (9221B.2).

The absence of acidic reaction or gas formation at the end of
48 *= 3 h of incubation constitutes a negative ftest. Submit
drinking water samples demonstrating growth without a positive
gas or acid reaction to the confirmed phase (9221B.2). An
arbitrary 48-h limit for observation doubtless excludes occa-
sional members of the coliform group that grow very slowly (see
Section 9212).

2. Confirmed Phase
a. Culture medium: Use brilliant green lactose bile broth
fermentation tubes for the confirmed phase.

Brilliant green lactose bile broth:

PRI 22 T e Ut S e e s e & NI 3 100 ¢
| B izgon TR LI T T T DR, - 100 g

Add dehydrated ingredients to water, mix thoroughly, and heat
to dissolve. pH should be 7.2 % 0.2 after sterilization. Before
sterilization, dispense, in fermentation tubes with an inverted
vial, sufficient medium to cover inverted vial at least one-half to
two-thirds after sterilization. Close tubes with metal or heat-
resistant plastic caps.

b. Procedure: Submit all presumptive tubes or bottles
showing growth, any amount of gas. or acidic reaction within
24 + 2 h of incubation to the confirmed phase. If active
fermentation or acidic reaction appears in the presumptive
tube earlier than 24 *= 2 h, transfer to the confirmatory
medium; preferably examine tubes at 18 * 1 h. If additional
presumptive tubes or bottles show active fermentation or
acidic reaction at the end of a 48 = 3 h incubation period,
submit these to the confirmed phase.

Gently shake or rotate presumptive tubes or bottles showing
gas or acidic growth to resuspend the organisms. With a sterile
loop 3.0 to 3.5 mm in diameter, transfer one or more loopfuls of
culture to a fermentation tube containing brilliant green lactose
bile broth or insert a sterile wooden applicator at least 2.5 cm
into the culture, promptly remove, and plunge applicator to
bottom of fermentation tube containing brilliant green lactose
bile broth. Remove and discard applicator. Repeat for all other
positive presumptive tubes.

Incubate the inoculated brilliant green lactose bile broth tube
at 35 = 0.5°C. Formation of gas in any amount in the inverted
vial of the brilliant green lactose bile broth fermentation tube at
any time (e.g., 6 = 1 h, 24 = 2 h) within 48 = 3 h constitutes
a positive confirmed phase. Calculate the MPN value from the
number of positive brilliant green lactose bile tubes as described
in Section 9221C.

¢. Alternative procedure: Use this alternative only for polluted
water or wastewater known to produce positive results consistently.

If all presumptive tubes are positive in two or more con-
secutive dilutions within 24 h, submit to the confirmed phase
only the tubes of the highest dilution (smallest sample inoc-
ulum) in which all tubes are positive and any positive tubes
in still higher dilutions. Submit to the confirmed phase all
tubes in which gas or acidic growth is produced only after
48 h.
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[ Inoculate lauryl tryptose broth or presence-absence broth fermentation tubes or botties and incubate 24 + 2 h at 35 + 0.5°C.
[
[ ]
. (2) ,
No gas or acid produced. Incubate additional
24 h (total 48 % 3 h).

(1)
Gas and/or acidic growth produced. Transfer to
confirmatory brilliant green lactose bile. Incubate 48

+3hat35+0.5°C.* l 1
T
! 1 (a) (c)
(a) (b) Gas or acid No gas or acid produced.
@4a Brodudad Transfer 1 to:LES No gas produced. produced. (iontmue Negative test. Coliform
Endo or MacConkey. Incubate Negative test. i i e anians
24 +2 h at 35 + 0.5°C. Coliform group
absent.
T (b)
[ =) Acidic growth.
(1.1) Confirm as in (1).
[ 1.2)
Typical OR atypical coliform colonies. ( 1
Transfer to agar slant and lauryl tryptose N%gfiltf""fnf‘“"“'es'
broth fermentation tube. Incubate agar a % gtroup
slant 18 to 24 h and laury! tryptose broth ansent.
24+ 2hto48 +3 h at 35 +£ 0.5°C.
=
| |
(@) {b')
Gas produced. No gas produced.

Gram-stain portion
of agar slant growth.{

I
[ 1

(1.11) (1.12)

Negative test.
Celiform group absent.

* If gas or acid growth occurs before maximum
incubation time (ex. 6 £ 1 h), transfer to next
appropriate medium.

Gram-negative rods present, no spores
present. Completed test: coliform group
present. Gram-positive and -negative rods
both present. Repeat procedure
beginning at 1.1.

Spores or gram-positive

rods and spores present.

Completed test: coliform
group absent.

T Alternately use EC test (Section 9221E).
§ Optional for drinking water samples.

Figure 9221:1. Schematic outline of presumptive, confirmed, and completed phases for total coliform detection.

3. Completed Phase

To establish the presence of coliform bacteria and to provide
quality control data, use the completed test on at least 10% of
positive confirmed tubes (see Figure 9221:1). Simultaneous in-
oculation into brilliant green lactose bile broth for total coliforms
and EC broth for fecal coliforms (see Section 9221E below) or
EC-MUG broth for Escherichia coli may be used. Consider
positive EC and EC-MUG broths elevated temperature (44.5°C)
results as a positive completed test response. Parallel positive bril-
liant green lactose bile broth cultures with negative EC or EC-MUG
broth cultures indicate the presence of nonfecal coliforms,

a. Culture media and reagents:

1) LES Ende agar: See Section 9222B. Use 100- X 15-mm
petri plates.

2) MacConkey agar:

|50, 0 B oo e S - ) I b 17 g
Proteose DEPIONE s viisiis L ase oo Sy enndansnnya oaeins s 3 g
LAGIO06 ot e tusmiiies Lonsitovion T 10 g
L0 el enenipm b Sivnsaiitt el St LS g
Sodium chloride; NaCl.......covviunineinrernenssnnsnssssn 5 g
R e s o s ek g s o et e v A YRS 135" ¥
e e R PTRIIP Yok O ) 0.03 g

[0 3 LTI o LTl R SO SRS, 4o (Pt
Reagent-grade Waler.........oovovvverinnnvrennnninsncnnes 1 1

Add ingredients to water, mix thoroughly, and heat to boiling
to dissolve. Sterilize by autoclaving for 15 min at 121°C. Temper
agar after sterilization and pour into petri plates (100 X 15 mm).
pH should be 7.1 = 0.2 after sterilization.

3) Nutrient agar:

PODIONE o v icunivunia Porn b n it b A AN i T e ad e e 50¢g
Beefiextradt: 0 0, SR SR DAL VIR, 4 3.0¢g
oY g Deive e LB ks | OB TUYE Prep s DA 10 0 v ST 2 TEisT 150¢g
Reagentprade: Watetiza l Do Bus i it an sl o Ligl

Add ingredients to water, mix thoroughly, and heat to dis-
solve. pH should be 6.8 = 0.2 after sterilization. Before steril-
ization, dispense in screw-capped tubes. After sterilization, im-
mediately place tubes in an inclined position so that the agar will
solidify with a sloped surface. Tighten screw caps after cooling
and store in a protected, cool storage area.

4) Gram-stain reagents:

a) Ammonium oxalate-crystal violet (Hucker’s): Dissolve 2 g
crystal violet (90% dye content) in 20 mL 95% ethyl alcohol;
dissolve 0.8 g (NH,),C,0,-H,0 in 80 mL reagent-grade water;
mix the two solutions and age for 24 h before use; filter through
paper into a staining bottle.

b) Lugol's solution, Gram's modification: Grind 1 g iodine
crystals and 2 g KI in a mortar. Add reagent-grade water, a few
milliliters at a time, and grind thoroughly after each addition
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until solution is complete. Rinse solution into an amber glass
bottle with the remaining water (using a total of 300 mL).

¢) Countersiain: Dissolve 2.5 g safranin dye in 100 mL 95%
ethyl alcohol. Add 10 mL to 100 mL reagent-grade water.

d) Acetone alcohol; Mix equal volumes of ethyl alcohol (95%)
with acetone.

b. Procedure:

1) Using aseptic technique, streak one LES Endo agar (Section
9222B.2) or MacConkey agar plate from each tube of brilliant
green lactose bile broth showing gas, as soon as possible after the
observation of gas. Streak plates in a manner to insure presence
of some discrete colonies separated by at least 0.5 cm. Observe
the following precautions when streaking plates to obtain a high
proportion of successful isolations if coliform organisms are
present: (a) Use a sterile 3-mm-diam loop or an inoculating
needle slightly curved at the tip; (b) tap and incline the fermen-
tation tube to avoid picking up any membrane or scum on the
needle; (¢) insert end of loop or needle into the liquid in the tube
to a depth of approximately 0.5 em: and (d) streak plate for
isolation with curved section of the needle in contact with the
agar to avoid a scratched or torn surface. Flame loop between
second and third quadrants to improve colony isolation.

Incubate plates (inverted) at 35 % 0.5°C for 24 = 2 h.

2) The colonies developing on LES Endo agar are defined as
typical (pink to dark red with a green metallic surface sheen) or
atypical (pink, red, white, or colorless colonies without sheen)
after 24 h incubation. Typical lactose-fermenting colonies de-
veloping on MacConkey agar are red and may be surrounded by
an opaque zone of precipitated bile. From each plate pick one or
more typical, well-isolated coliform colonies or, if no typical
colonies are present, pick two or more colonies considered most
likely to consist of organisms of the coliform group, and transfer
growth from each isolate to a single-strength lauryl tryptose
broth fermentation tube and onto a nutrient agar slant. (The latter
is unnecessary for drinking water samples.)

If needed, use a colony magnifying device to provide optimum
magnification when colonies are picked from the LES Endo or
MacConkey agar plates. When transferring colonies, choose
well-isolated ones and barely touch the surface of the colony
with a flame-sterilized, air-cooled transfer needle to minimize
the danger of transferring a mixed culture.

Incubate secondary broth tubes (lauryl tryptose broth with
inverted fermentation vials inserted) at 35 = 0.5°C for 24 = 2 h;
if gas is not produced within 24 * 2 h reincubate and examine
again at 48 * 3 h. Microscopically examine Gram-stained prep-
arations from those 24-h nutrient agar slant cultures correspond-
ing to the secondary tubes that show gas.

3) Gram stain technique—The Gram stain may be omitted
from the completed test for potable water samples only because
the occurrences of gram-positive bacteria and spore-forming
organisms surviving this selective screening procedure are in-
frequent in drinking water.

Various modifications of the Gram stain technique exist. Use
the following modification by Hucker for staining smears of pure
culture; include a gram-positive and a gram-negative culture as
controls.

MICROBIOLOGICAL EXAMINATION (9000)

Prepare separate light emulsions of the test bacterial growth
and positive and negative control cultures on the same slide
using drops of distilled water on the slide. Air-dry and fix by
passing slide through a flame and stain for 1 min with ammo-
nium oxalate-crystal violet solution. Rinse slide in tap water and
drain off excess; apply Lugol’s solution for 1 min.

Rinse stained slide in tap water. Decolorize for approximately
15 to 30 s with acetone alcohol by holding slide between the
fingers and letting acetone alcohol flow across the stained smear
until the solvent flows colorlessly from the slide. Do not over-
decolorize. Counterstain with safranin for 15 s, rinse with tap
water, blot dry with absorbent paper or air dry, and examine
microscopically. Gram-positive organisms are blue; gram-nega-
tive organisms are red. Results are acceptable only when controls
have given proper reactions.

¢. Interpretation: Formation of gas in the secondary tube of
lauryl tryptose broth within 48 % 3 h and demonstration of
gram-negative, nonspore-forming, rod-shaped bacteria from the
agar culture constitute a positive result for the completed test,
demonstrating the presence of a member of the coliform group.
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9221 C. Estimation of Bacterial Density

1. Precision of the MPN Fermentation Tube Test

Unless a large number of sample portions is examined, the
precision of the most probable number (MPN) fermentation tube
test is rather low. For example, Table 9221:1V shows that the
95% confidence limits are often one-third times and three times
the estimate. Consequently, use caution when interpreting the
sanitary significance of any single coliform result. When several
samples from a given sampling point are estimated separately
and the results combined in their geometric mean, the precision
is greatly improved.

2. Table Reading and Recording of MPN

Record coliform concentration as the Most Probable Number
(MPN)/100 mL. The MPN values, for a variety of positive and
negative tube combinations, are given in Tables 9221:11, III, and
IV. The sample volumes indicated in Tables 9221:1I and III are
chosen especially for examining finished waters. Table 9221:TV
illustrates MPN values for combinations of positive and negative
results when five 10-mL, five 1.0-mL, and five 0.1-mL sample
portion volumes are tested. If the sample portion volumes used
are those found in the tables, report the value corresponding to
the number of positive and negative results in the series as the
MPN/100 mL, or, when appropriate, as presence or absence.
When the series of decimal dilutions is different from that in the
table, select the MPN value from Table 9221:1V for the combi-
nation of positive results and calculate according to the follow-
ing formulas:

MPN/100 mL = (Table MPN/100 mL) X 10/V

where:

V = volume of one sample portion at the lowest selected
dilution.

When more than three dilutions are used in a decimal series!
of dilutions, select the three most appropriate dilutions and refer
to Table 9221:IV. Several examples (a through f) illustrate
correct selection.

TasLE 92Z1:1L. MPN INDEX AND 95% CONFIDENCE LIMITS FOR ALL
CoMBINATIONS oF Posrmive anp NEcative Resurts Waen Frve 20-mL
PorTions ARe Usep

No. of Tubes 095% Confidence Limits
Giving Positive MPN (Exact)
Reaction Out of Index/

3 (20 mL Each) 100 mL Lower Upper
0 <1.1 — 3.5
1 1.1 0.051 54
2 2.6 0.40 8.4
3 4.6 1.0 13
4 8.0 2.1 23
5 >80 34 -

Volume

o Combination MPN Index

Example 10 1 0.1 001 0.001 of Positives No./100 mL
a ¥ B4l 0 0 5-1-0 330
b ds Svaol 0 0 4-5-1 48
¢ 0. Ot 0 0 0-0-1 1.8
d 5 4 4 1 0 4-4-1 400
e 5 4ad 0 1 4-4-1 400
f 5 ShoS 5 2 5-5-2 54 000

Select highest dilution that gives positive results in all five
portions tested (no lower dilution giving any negative results)
and the two next succeeding higher dilutions (Example a). If the
lowest dilution tested has less than five portions with positive
results, select it and the two next succeeding higher dilutions
(Examples b, c).

When a positive result occurs in a dilution higher than the
three selected according to the foregoing rules, change the se-
lection to the lowest dilution that has less than five positive
results and the next two higher dilutions (Example d). When all
the foregoing selection rules have left unselected any higher
dilutions with positive results, add those higher-dilution positive
results to the results for the highest selected dilution (Example
e). If there were not enough higher dilutions tested to select three
dilutions, then select the next lower dilution (Example f).

When it is desired to summarize with a single MPN value the
results from several samples, use the geometric mean or the median.
The geometric mean is computed by averaging the logarithmic
values; e.g., the geometric mean of A, B, and C is 10" where

L = (logmA 2 log]nB 4 long) 13

Mean values are reported as the antilog of L.

Table 9221:1V shows all but the very improbable positive tube
combinations for a three-dilution series. In testing 10 different
samples, there is a 99% chance of finding all the results among

TasLE 9221:111. MPN INDEX AND 95% CONEIDENCE LIMITS FOR ALL
CoMBINATIONS OF POSITIVE AND NEGATIVE REsurts WhEN Ten 10-mL
PorTtions ArRe Usep

No. of Tubes 95% Confidence
Giving Positive MPN Limits (Exact)
Reaction Out of Index/

10 (10 mL Each) 100 mL Lower Upper
0 <1.1 — 34
1 1.1 0.051 5.9
2 2.2 0.37 8.2
3 3.6 091 0.7
4 5.1 1.6 13
5 6.9 25 15
6 9.2 33 19
% 12 4.3 24
8 16 5.8 34
9 23 8.1 33

10 >23 13 —
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TABLE 9221:1V. MPN INDEX AND 95% CONFIDENCE LiMiTs FOR Various CoMBINATIONS oF Posimive Resurrs When Frve Tuses Are Usen per Dicumion
(10 ML, 1.0 ML, 0.1 ML)*

Confidence Limits

Confidence Limits

Combination MPN Index/ e Combination MPN Index/

of Positives 100 mL Low High of Positives 100 mL Low High
0-0-0 <l.8 — 6.8 4-0-3 25 0.8 70
0-0-1 1.8 0.090 6.8 4-1-0 17 0.0 40
0-1-0 1.8 0.090 6.9 4-1-1 21 6.8 42
0-1-1 36 0.70 10 4-1-2 26 0.8 70
0-2-0 AT 0.70 10 4-1-3 31 10 0
0-2-1 5.3 1.8 15 4-2-0 22 6.8 50
0-3-0 5.6 1.8 15 4-2-1 26 9.8 70
1-0-0 2.0 0.10 10 4-2-2 32 10 70
1-0-1 4.0 0.70 10 4-2-3 38 14 100
1-0-2 6.0 1.8 15 4-3-0 27 9.9 70
1-1-0 4.0 0.71 12 4-3-1 33 10 70
[-1-1 6.1 1.8 15 4-3-2 39 14 100
1-1-2 8.1 34 22 4-4-0 34 14 100
1-2-0 6.1 1.8 15 4-4-1 40 14 100
1-2-1 82 34 22 4-4-2 47 15 120
1-3-0 8.3 34 22 4-5-0 41 14 100
1-3-1 10 35 22 4-5-1 48 15 120
1-4-0 10 35 22 5-0-0 23 6.8 70
2-0-0 4.5 0.79 15 5-0-1 31 10 70
2-0-1 6.8 1.8 15 5-0-2 43 14 100
2-0-2 9.1 3.4 22 5-0-3 58 22 150
2-1-0 6.8 1.8 17 5-1-0 33 10 100
2-1-1 9.2 34 22 5-1-1 46 14 120
2-1-2 12 4.1 26 5-1-2 63 22 150
2-2-0 9.3 34 22 S5-1-3 84 34 220
2-2-1 2 4.1 26 5-2-0 49 15 150
2-2-2 14 5.9 36 5-2-1 70 22 170
2-3-0 12 4.1 26 5-2-2 94 34 230
2-3-1 14 59 36 5-2-3 120 36 250
2-4-0 15 5.9 36 5-2-4 150 38 400
3-0-0 7.8 2.1 22 5-3-0 79 22 220
3-0-1 I 35 23 5-3-1 110 34 250
3-0-2 13 5.6 35 5-3-2 140 52 400
3-1-0 11 3.3 26 5-3-3 170 70 400
3-1-1 14 5.6 36 5-3-4 210 70 400
3-1-2 17 6.0 36 5-4-0 130 36 400
3-2-0 14 5.7 36 5-4-1 170 58 400
3-2-1 17 6.8 40 5-4-2 220 70 440
3-2-2 20 6.8 40 5-4-3 280 100 710
3-3-0 17 6.8 40 5-4-4 350 100 710
3-3-1 21 6.8 40 5-4-5 430 150 1100
3-3-2 24 9.8 70 5-5-0 240 70 710
3-4-0 21 6.8 40 5-5-1 350 100 1100
3-4-1 24 9.8 70 5-5-2 540 150 1700
3-5-0 25 9.8 70 5-5-3 920 220 2600
4-0-0 13 4.1 35 5-5-4 1600 400 4600
4-0-1 17 59 36 5-5-5 = 1600 700 —
4-0-2 21 6.8 40

* Results to two significant figures.

these 95 outcomes. If untabulated combinations occur with a
frequency greater than 0.1%. it indicates that the technique is
faulty or that the statistical assumptions underlying the MPN
estimate are not being fulfilled (e.g., growth inhibition at low
dilutions).

The MPN for combinations not appearing in the table, or for
other combinations of tubes or dilutions, may be estimated as

follows: First, select the lowest dilution that does not have all
positive results. Second, select the highest dilution with at least
one positive result. Finally, select all the dilutions between them.
For example, from (5/5, 10/10, 4/10, 1/10, 0/5) use only (- —,
4/10, 1710, —). 4/10 @ 0.1 mL sample/tube and 1/10 @ 0.01 mL
sample/tube; from (5/5. 10/10, 10/10, 0/10, 0/5) select only (—. —.
10/10, 0/10, =), 10/10 @ 0.1 mL sample/tube and 0/10 @ 0.01
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mL sample/tube. Use only the selected dilutions in the following
formula of Thomas';

MPN/100 mL (approx.) = 100 X P/ (N % T)'?

where:
P = number of positive results,
N = volume of sample in all the negative portions combined,
mL, and
T = total volume of sample in the selected dilutions, mL.

In the first example above,

MPN/100 mL (approx.) = 100 X% 5/ (0.69 X 1.1)"2=
500/0.87 = 570/100 mL

In the second example above,
MPN/100 mL (approx.) = 100 % 10/ (0.1 X 1.1)'?=
1000/0.332 = 3000/100 mL

The two examples compare well with the true MPNs, 590/100
mL and 2400/100 mL, respectively. The second example is a
special case for which an exact solution can be calculated di-
rectly for the two selected dilutions.

Although MPN tables and calculations are described for use in
the coliform test, they also determine the MPN of any other
organisms provided that suitable test media are available.

When all the results at the lower dilutions are positive and all
the results at higher dilutions are negative, it is possible to
calculate an exact MPN for two selected dilutions as follows:
When V is the volume of each individual sample portion at the
highest dilution with all positive portions,

MPN/100 mL = (1/V) [230.3 log,, (T/N)]

where T and N are defined as for Thomas’s formula. The last

example discussed above was (5/5, 10/10, 10/10, 0/10, 0/5),
with portions 10, 1, 0.1, 0.01, and 0.001. The third dilution is
the highest with positive portions, so ¥V = 0.1. The MPN for
the third and fourth dilution would be exactly

MPN/100 mL = (1/0.1) X[230.3 log, (1.1/0.1)]= 2400/100 mL
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9221 D. Presence-Absence (P-A) Coliform Test

The presence-absence (P-A) test for the coliform group is a
simple modification of the multiple-tube procedure. Simplifica-
tion, by use of one large test portion (100 mL) in a single culture
bottle to obtain qualitative information on the presence or ab-
sence of coliforms, is justified on the theory that no coliforms
should be present in 100 mL of a drinking water sample. The
P-A test also provides the optional opportunity for further
screening of the culture to isolate other indicators (fecal coli-
form, Aeromonas, Staphylococcus, Pseudomonas, fecal strepto-
coccus, and Clostridium) on the same qualitative basis, Addi-
tional advantages include the possibility of examining a larger
number of samples per unit of time. Comparative studies with
the membrane filter procedure indicate that the P-A test may
maximize coliform detection in samples containing many organ-
isme that could overgrow coliform colonies and cause problems
in detection.

The P-A test is intended for use on routine samples collected
from distribution systems or water treatment plants. When sam-
ple locations produce a positive P-A result for coliforms, it may
be advisable to determine coliform densities in repeat samples.
Quantitative information may indicate the magnitude of a con-
taminating event.

1. Presumptive Phase
a. Culture media:

1) P-A broth: This medium is commercially available in
dehydrated and in sterile concentrated form,

Beef eXtHact  cusuum s it tmitilby il i s SRS LY 30U g
BEDIODE " i -o0sr cons i phinstisin Sunne sensnsms nm st s fortiney 5.0 g
Eicioser NIRRT TEOE oG 746 g
T pEOSe ) SO s e S e L e 98 iE
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Dipotassium hydrogen phosphate, K.HPO, oo 135 ¢
Potassium dihydrogen phosphate, KH PO, ... 1.35 ¢
Sodium chloride, NaCl ..o 246 g
Sodium lauryl sulfate ..o 005 ¢
Bromérsssl pubple. oovvimenmms cannmamenasin coo 00085 g
Reapenl-grade Watell ., .owibsrecosssommmsmnnmmnsmesos | i

Make this formulation triple (3x) strength when examining
100-mL samples. Dissolve the P-A broth medium in water
without heating. using a stirring device. Dispense 50 mL pre-
pared medium into a screw-cap 250-mL milk dilution bottle. A
fermentation tube insert is not necessary. Autoclave for 12 min
at 121°C with the total time in the autoclave limited to 30 min or
less. pH should be 6.8 + (.2 after sterilization. When the PA
medium is sterilized by filtration a 6< strength medium may be
used. Aseptically dispense 20 mL of the 6X medium into a
sterile 250-mL dilution bottle or equivalent container.

2) Laurvl tryvptose broth: See Section 9221B.1.

b. Procedure: Shake sample vigorously for 5 s (approximately
25 times) and inoculate 100 mL into a P-A culture bottle. Mix
thoroughly by inverting bottle once or twice to achieve even
distribution of the triple-strength medium throughout the sample.
Incubate at 35 = 0.3°C and inspect after 24 and 48 h for acid
reactions.

. Interpretation: A distinct yellow color forms in the medium
when acid conditions exist following lactose fermentation. If gas
also is being produced. gently shaking the bottle will result in a
foaming reaction. Any amount of gas and/or acid constitutes a
positive presumptive test requiring confirmation.

2. Confirmed Phase

The confirmed phase is outlined in Figure 9221:1.
a. Culture mediwm: Use brilliant green lactose bile fermenta-
tion tubes (see 9221B.2).

MICROBIOLOGICAL EXAMINATION (9000)

b. Procedure: Transfer all cultures that show acid reaction or
acid and gas reaction to brilliant green lactose bile (BGLB) broth
for incubation at 35 = 0.5"C (see Section 9221B.2).

. Interpretation: Gas production in the BGLB broth culture
within 48 * 3 h confirms the presence of coliform bacteria.
Report result as presence-absence test positive or negative for
total colitorms in 100 mL of sample.

3. Completed Phase

The completed phase is outlined in Section 9221B.3 and
Figure 9221:1.
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9221 E. Fecal Coliform Procedure

Elevated-temperature tests for distinguishing organisms of the
total coliform group that also belong to the fecal coliform group are
described herein. Modifications in technical procedures, standard-
ization of methods, and detailed studies of the fecal coliform group
have established the value of this procedure. The test can be per-
formed by one of the multiple-tube procedures described here or by
membrane filter methods as described in Section 9222, The proce-
dure using A-1 broth is a single-step method.

The fecal coliform test (using EC medium) is applicable to
investigations of drinking water. stream pollution. raw water
sources, wastewater treatment systems, bathing waters. seawaters,
and general water-quality monitoring, Prior enrichment in presump-
tive media is required for optimum recovery of fecal coliforms
when using EC medium. The test using A-1 medium is applicable
to source water, seawater, and treated wastewater.

1. Fecal Coliform Test (EC Medium)

The fecal coliform test is used to distinguish those total
coliform organisms that are fecal coliforms. Use EC medium

or, for a more rapid test of the quality of shellfish waters,
treated wastewaters. or source waters, use A-1 medium in a
direct test.

. EC medium:

Tryptose Or YPCASE .ovevvireionirinreinaerrimenieeaens 200 g
EEACTOIE i s o i N S T AT B 50g
Bile salts mixture or bile salts No. 3 ... 15¢g
Dipotassium hydrogen phosphate, K;HPO, oo 4.0 g
Potassium dihydrogen phosphate. KH,PO, ............... 1.5g
Sodium chlaride. NaCl .......... S SR SR 50¢g
Reagent-grade Water .........coeevvvimienrerisromnreineson: I L

Add dehydrated ingredients to water, mix thoroughly, and heat
to dissolve. pH should be 6.9 = 0.2 after sterilization. Before
sterilization, dispense in fermentation tubes. each with an in-
verted vial. sufficient medium to cover the inverted vial at least
partially after sterilization. Close tubes with metal or heat-resis-
tant plastic caps.
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b. Procedure: Submit all presumptive fermentation tubes or
bottles showing any amount of gas, growth, or acidity within
48 h of incubation to the fecal coliform test.

1) Gently shake or rotate presumptive fermentation tubes or
bottles showing gas, growth, or acidity. Using a sterile 3- or
3.5-mm-diam loop or sterile wooden applicator stick, transfer
growth from each presumptive fermentation tube or bottle to EC
broth (see Section 9221B.2).

2) Incubate inoculated EC broth tubes in a water bath at 44.5
+ 0.2°C for 24 = 2 h.

Place all EC tubes in water bath within 30 min after inocula-
tion. Maintain a sufficient water depth in water bath incubator to
immerse tubes to upper level of the medium.

c. Interpretation: Gas production with growth in an EC broth
culture within 24 = 2 h or less is considered a positive fecal
coliform reaction. Failure to produce gas (with little or no
growth) constitutes a negative reaction. If multiple tubes are
used, calculate MPN from the number of positive EC broth tubes
as described in Section 9221C. When using only one tube for
subculturing from a single presumptive bottle, report as presence
or absence of fecal coliforms.

2. Fecal Coliform Direct Test (A-1 Medium)

a. A-1 broth: This medium may be used for the direct isolation
of fecal coliforms from water. Prior enrichment in a presumptive
medium is not required.

[EacIRRIOn Sriinaon o Wwiins. e il Lo s s L), i, 50g
L T o e o T L B S Y 200 g
Sodiom-chtoride s MNaCT L ui-: cauie Spinscisiaimsimnes s fors 50g
LG AT oo S Ll S s R R 05¢g
Polyethylene glycol p-isooctylphenyl ether*............... 1.0 mL
Reagent-grade water e S i e s sl 7

Heat to dissolve solid ingredients, add polyethylene glycol
p-isooctylphenyl ether, and adjust to pH 6.9 = 0.1. Before
sterilization dispense in fermentation tubes with an inverted vial

* Triton X-100, Rohm and Haas Co., or equivalent.

sufficient medium to cover the inverted vial at least partially
after sterilization. Close with metal or heat-resistant plastic caps.
Sterilize by autoclaving at 121°C for 10 min. Store in dark at
room temperature for not longer than 7 d. Ignore formation of
precipitate.

Make A-1 broth of such strength that adding 10-mL sample
portions to medium will not reduce ingredient concentrations
below those of the standard medium. For 10-mL samples prepare
double-strength medium.

b. Procedure: Inoculate tubes of A-1 broth as directed in
Section 9221B.1b1). Incubate for 3 h at 35 * 0.5°C. Transfer
tubes to a water bath at 44.5 = 0.2°C and incubate for an
additional 21 * 2 h.

c. Interpretation: Gas production in any A-1 broth culture
within 24 h or less is a positive reaction indicating the presence
of fecal coliforms. Calculate MPN from the number of positive
A-1 broth tubes as described in Section 9221C.
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9221 F. Escherichia coli Procedure (PROPOSED)

Escherichia coli is a member of the fecal coliform group of
bacteria. This organism in water indicates fecal contamination.
Enzymatic and biochemical assays have been developed that
allow for the identification of this organism. Assays for B-glu-
curonidase, glutamate decarboxylase, or indole may be used to
determine the presence of E. coli. For the E. coli test with
EC-MUG medium, q 1 below, E. coli is defined as the species of
coliform bacteria possessing the enzyme B-glucuronidase and
capable of cleaving the fluorogenic substrate 4-methylumbel-
liferyl-G-p-glucuronide (MUG) with the corresponding release
of the fluorogen when grown in EC-MUG medium at 44.5°C
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within 24 % 2 h or less. For the E.coli test with GAD reagent,
2 below, the E. coli species is defined as coliform bacteria
possessing the enzyme glutamate decarboxylase (GAD) and
capable of producing an alkaline reaction within 4 h in a reagent
containing a lytic agent and glutamic acid. For the E. coli test
involving indole production, § 3 below, the E. coli species is
defined as coliform bacteria that can produce indole within 24 =
2 h or less when grown in tryptone water at 44.5°C . These
procedures are used to confirm the presence of E. coli after prior
enrichment in a presumptive medium for total coliform bacteria,
These tests are performed by the tube procedure as described
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here or by the membrane filter method as described in Section
9222. The chromogenic substrate procedure (Section 9223) can
be used for direct detection of E. coli.

Tests for E. coli are applicable to the analysis of drinking
water, surface water, groundwater, and wastewater. E. coli is a
member of the indigenous fecal flora of warm-blooded animals.
The occurrence of E. coli is considered a specific indicator of
fecal contamination and the possible presence of enteric patho-
gens,

1. Escherichia coli Test (EC-MUG Medium)

Use EC-MUG medium for the confirmation of E. coli.
a. EC-MUG medium:

Tryptoseior:typticase’ vt Jold lulibag b zinieils 200 g
LACIOSE uiiiii, ot it ek B e T er s e D 50 g
Bile salts mixture or bile salts No. 3 ...........ocoivnnns L5 g
Dipotassium hydrogen phosphate. K.HPO, oo 40 g
Potassium dihydrogen phosphate, KH,PO, ............... I5 g
Sodiymchlortde: MNalll . Uoatli, coters e dthiaite  Johconns 50 g
4-methylumbelliferyl-g-p-glucuronide (MUG) ........... 0.05 g
Reagent-grade Waer . oo iiiiaissiimiismib i 1L

Add dehydrated ingredients to water, mix thoroughly, and heat
to dissolve. pH should be 6.9 * 0.2 after sterilization for 15 min
at 121°C. Before sterilization, dispense in tubes that do not
fluoresce under long-wavelength (366 nm) ultraviolet (UV) light.
An inverted tube is not necessary. Close tubes with metal or
heat-resistant plastic caps.

b. Procedure: Submit all presumptive fermentation tubes or
bottles (9221B, 9221D) showing growth, gas, or acidity within
48 * 3 h of incubation to the E. coli test.

1) Gently shake or rotate presumptive fermentation tubes or
bottles showing growth, gas, or acidity. Using a sterile 3- or
3.5-mm-diam metal loop or sterile wooden applicator stick,
transfer growth from presumptive fermentation tube or bottle to
EC-MUG broth.

2) Incubate inoculated EC-MUG tubes in a water bath main-
tained at 44.5 £ 0.2°C for 24 + 2 h. Place all EC-MUG tubes in
water bath within 30 min after inoculation. Maintain a sufficient
water depth in the water-bath incubator to immerse tubes to
upper level of medium.

¢. Interpretation: Examine all tubes exhibiting growth for
fluorescence using a long-wavelength UV lamp (preferably 6
W). The presence of bright blue fluorescence is considered a
positive response for E. coli. A positive control consisting of a
known E. coli (MUG-positive) culture, a negative control con-
sisting of a thermotolerant Klebsiella pneumoniae (MUG-nega-
tive) culture, and an uninoculated medium control may be nec-
essary (o interpret the results and to avoid confusion of weak
autofluorescence of the medium as a positive response. If mul-
tiple tubes are used, calculate MPN from the number of positive
EC-MUG broth tubes as described in Section 9221C. When
using only one tube or subculturing from a single presumptive
bottle, report as presence or absence of E. coli.

2. Escherichia coli Test (GAD Procedure)

Use GAD reagent for the confirmation of E. coli.
a. GAD reagent:

MICROBIOLOGICAL EXAMINATION (3000)

Legleamic acid s yments cn sionamaansms s s Sna TR R anens s LO g
Sodivm ehiloride; NGl . s oessmmimmsses siasssliss 90.0 g
BromioeTeso]l BreBil s s srmnes vt smame s st oe 0.05 ¢
Polyethylene glycol octylphenyl ether*...........c...cvvuens 30 mL
REATENEETAIE WAEE: . ..o s s s S g sorssie s oo gy

Add ingredients to water and mix thoroughly until all ingre-
dients are dissolved. pH should be 3.4 = 0.2, The reagent is
stable for 2 months when stored at 5° C. It can be filter-sterilized
(0.2-pm filter) and treated as a sterile solution.

b. Procedure: Submit all presumptive fermentation tubes or
bottles (9221B, 9221D) showing growth, gas, or acidity within
48 = 3 h of incubation to the E. coli test.

1) Gently shake or rotate presumptive tubes or bottles show-
ing growth, gas, or acidity. Using a graduated pipet, transfer 5
mL broth from the fermentation tube or bottle to 15-mL centri-
fuge tube.

2) Concentrate the bacterial cells from the broth by centrifu-
gation at 2500 to 3000 X g for 10 min. Discard supernatant and
resuspend cells in 5 mL phosphate buffer. Reconcentrate cells by
centrifugation ( 2500 to 3000 X g, 10 min). Discard supernatant
and add 1.0 mL GAD reagent. Vigorously swirl the tube to
resuspend cells in GAD reagent.

3) Incubate tubes at 35°C and observe after 1 h. Tubes may be
incubated for a maximum of 4 h.

c. Interpretation: Examine all tubes for a distinct color change
from yellow to blue. The presence of a blue color is considered
a positive response for E. coli. A positive control consisting of a
known E. coli (GAD-positive) culture, a negative control con-
sisting of a known total coliform organism, e.g., Enterobacter
cloacae (GAD-negative), and an uninoculated GAD reagent
control may be incorporated in the assay to assist in interpreta-
tion of results. If multiple tubes are used, calculate MPN from
the number of positive GAD tubes as described in Section
9221C. When using only one tube or a single presumptive bottle,
report as presence or absence of E. coli.

3. Escherichia coli Test (Indole Production)

Use tryptone water and Kovacs’ reagent for confirmation of E.
coli.

a. Reagents:

1) Tryptone warer:

TEYPLOME et ettt s e et e e 20¢
Sodium ciforide, MaCl J..loavivinims v 5g
Reagent-grade: Walel o nviivimmiii s v I L

Add ingredients to water and mix thoroughly until dissolved.
Adjust pH to 7.5. Dispense 5-mL portions into tubes, cap, and
sterilize for 10 min at 115°C.

2) Kovacs' reagent:

p-Dimethylaminobenzaldehyde ................cocovinnnenn 3 g
Amyl alcohol (analytical grade) ... 75 mL
Hydrochlorietacid; conts i, At ST S 25 mL

* Triton X-100, Union Carbide Co., or equivalent.
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Dissolve aldehyde in alcohol. Cautiously add acid to alde-
hyde-alcohol mixture and swirl to mix. Store in the dark at 4°C.
This reagent should be pale yellow to light brown in color. Use
of low-quality amyl alcohol may produce a dark-colored reagent;
do not use such a reagent.

b. Procedure: Submit all presumptive fermentation tubes or
bottles (9221B) showing growth, gas, or acidity within 48 =3 h
of incubation to the E. coli test.

Gently shake or rotate presumptive tubes or bottles showing
growth, gas, or acidity. Using a sterile 3- or 3.5-mm-diam metal
loop or sterile wooden applicator stick, transfer growth from
presumptive fermentation tube or bottle to a tube containing 5
mL tryptone water. Incubate inoculated tryptone water tubes in
a water bath or incubator maintained at 44.5°C for 24 + 2 h.
After incubation, add 0.2 to 0.3 mL Kovacs’ reagent to each tube
of tryptone water.

c. Interpretation: Examine all tubes for appearance of a deep
red color in the upper layer. The presence of a red color is
considered a positive response for E. coli. A positive control
consisting of a known E. coli (indole-positive) culture, a nega-
tive control consisting of a known total coliform organism, e.g.,
Enterobacter cloacae (indole-negative), and an uninoculated
reagent control may be incorporated in the assay to assist in
interpretation of results. If multiple tubes are used, calculate
MPN from the number of indole-positive tubes as described in
Section 9221C. When using only one tube or a single presump-
tive bottle, report as presence or absence of E. coli.
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9222 MEMBRANE FILTER TECHNIQUE FOR MEMBERS OF THE COLIFORM GROUP*

9222 A.

The membrane filter (MF) technique is highly reproducible,
can be used to test relatively large sample volumes, and usually
yields numerical results more rapidly than the multiple-tube
fermentation procedure. The MF technique is extremely useful in
monitoring drinking water and a variety of natural waters. How-
ever, the MF technique has limitations, particularly when testing
waters with high turbidity or large numbers of noncoliform
(background) bacteria. When the MF technique has not been
used previously, it is desirable to conduct parallel tests with the
method the laboratory is using currently to demonstrate applica-
bility and comparability.

1. Definition

As related to the MF technique, the coliform group is defined
as those facultative anaerobic, gram-negative, non-spore-form-
ing, rod-shaped bacteria that develop red colonies with a metallic

¥ Approved by Standard Methods Committee, 1997,
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Brian A. Nelsen, Peggy A. Ryker, Lynn P. Smith, Judy A. Starcevich, Carol A. Ziel.

Introduction

(golden) sheen within 24 h at 35°C on an Endo-type medium
containing lactose. Some members of the total coliform group
may produce dark red, mucoid, or nucleated colonies without a
metallic sheen. When verified these are classified as atypical
coliform colonies. When purified cultures of coliform bacteria
are tested, they produce negative cytochrome oxidase and posi-
tive B-galactosidase test reactions. Generally, pink (non-mu-
coid), blue, white, or colorless colonies lacking sheen are con-
sidered noncoliforms by this technique.

2. Applications

Turbidity caused by the presence of algae, particulates, or
other interfering material may not permit testing of a sample
volume sufficient to yield significant results. Low coliform es-
timates may be caused by the presence of high numbers of
noncoliforms or of toxic substances. The MF technique is appli-
cable to the examination of saline waters, but not wastewaters
that have received only primary treatment followed by chlorina-
tion because of turbidity in high volume samples or wastewaters

T ONPG is a substrate for the B-galactosidase test.



9-60

containing toxic metals or toxic organic compounds such as
phenols. For the detection of stressed total coliforms in treated
drinking water and chlorinated secondary or tertiary wastewater
effluents, use a method designed for stressed organism recovery
(see Section 9212B.1). A modified MF technique for fecal coli-
forms (Section 9212) in chlorinated wastewater may be used if
parallel testing over a 3-month period with the multiple-tube
fermentation technique shows comparability for each site-spe-
cific type of sample.

The standard volume to be filtered for drinking water samples
is 100 mL. This may be distributed among mulitiple membranes
if necessary. However, for special monitoring purposes, such as
troubleshooting water quality problems or identification of coli-
form breakthrough in low concentrations from treatment barri-
ers, it may be desirable 1o test 1-L. samples. If particulates
prevent filtering a 1-L sample through a single filter, divide
sample into four portions of 250 mL for analysis. Total the
coliform counts on each membrane to report the number of
coliforms per liter. Smaller sample volumes will be necessary for
source or recreational waters and wastewater effluents that have
much higher coliform densities.

MICROBIOLOGIGAL EXAMINATION (9000)

Statistical comparisons of results obtained by the multiple-
tube method and the MF technique show that the MF is more
precise (compare Tables 9221:I1 and IIl with Table 0222:II).
Data from each test yield approximately the same water quality
information, although numerical results are not identical (see
Section 9010 for drinking water).
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9222 B. Standard Total Coliform Membrane Filter Procedure

1. Laboratory Apparatus

For MF analyses use glassware and other apparatus composed
of material free from agents that may affect bacterial growth.

a. Sample bottles: See Section 9030B.18.

b. Dilution bortles: See Section 9030B.13.

¢. Pipets and graduated cylinders: See Section 9030B.9. Be-
fore sterilization, loosely cover opening of graduated cylinders
with metal foil or a suitable heavy wrapping-paper substitute.
Immediately after sterilization secure cover to prevent contam-
ination.

d. Containers for culture medium: Use clean borosilicate
glass flasks. Any size or shape of flask may be used, but erlen-
meyer flasks with metal caps, metal foil covers, or screw caps
provide for adequate mixing of the medium contained and are
convenient for storage.

e. Culture dishes: Use sterile borosilicate glass or disposable,
presterilized plastic petri dishes, 60 X 15 mm, 50 X 9 mm, or
other appropriate size. Wrap convenient numbers of clean, glass
culture dishes in metal foil if sterilized by dry heat, or suitable
heavy wrapping paper when autoclaved. Incubate loose-lidded
glass and disposable plastic culture dishes in tightly closed
containers with wet paper or cloth to prevent moisture evapora-
tion with resultant drying of medium and to maintain a humid
environment for optimum colony development.

Presterilized disposable plastic dishes with tight-fitting lids
that meet the specifications above are available commercially
and are used widely. Reseal opened packages of disposable dish
supplies for storage.

f. Filtration units: The filter-holding assembly (constructed of
glass, autoclavable plastic, porcelain, or stainless steel) consists

of a seamless funnel fastened to a base by a locking device or by
magnetic force. The design should permit the membrane filter to
be held securely on the porous plate of the receptacle without
mechanical damage and allow all fluid to pass through the
membrane during filtration. Discard plastic funnels with deep
scratches on inner surface or glass funnels with chipped surfaces.

Wrap the assembly (as a whole or separate parts) in heavy
wrapping paper or aluminum foil, sterilize by autoclaving, and
store until use. Alternatively expose all surfaces of the previ-
ously cleaned assembly to ultraviolet radiation (2 min exposure)
for the initial sanitization before use in the test procedure, or
before reusing units between successive filtration series. Field
units may be sanitized by dipping or spraying with alcohol and
then igniting or immersing in boiling water for 2 min. After
submerging unit in boiling water, cool it to room temperature
before reuse. Do not ignite plastic parts. Sterile, disposable field
units may be used.

For filtration, mount receptacle of filter-holding assembly on a
1-L filtering flask with a side tube or other suitable device
(manifold to hold three to six filter assemblies) such that a
pressure differential (34 to 51 kPa) can be exerted on the filter
membrane. Connect flask to a vacuum line, an electric vacuum
pump, a filter pump operating on water pressure, a hand aspira-
tor, or other means of securing a pressure differential (138 to 207
kPa). Connect a flask of approximately the same capacity be-
tween filtering flask and vacuum source to trap carry-over water.

g. Membrane filter: Use membrane filters (for additional
specifications, see Section 9020) with a rated pore diameter such
that there is complete retention of coliform bacteria. Use only
those filter membranes that have been found, through adequate
quality control testing and certification by the manufacturer, to
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exhibit: full retention of the organisms to be cultivated, stability
in use, freedom from chemical extractables that may inhibit
bacterial growth and development, a satisfactory speed of filtra-
tion (within 5 min), no significant influence on medium pH
(beyond = 0.2 units), and no increase in number of confluent
colonies or spreaders compared to control membrane filters. Use
membranes grid-marked in such a manner that bacterial growth
is neither inhibited nor stimulated along the grid lines when the
membranes with entrapped bacteria are incubated on a suitable
medium. Preferably use fresh stocks of membrane filters and if
necessary store them in an environment without extremes of
temperature and humidity. Obtain no more than a year’s supply
at any one time.

Preferably use presterilized membrane filters for which the
manufacturer has certified that the sterilization technique has
neither induced toxicity nor altered the chemical or physical
properties of the membrane. If membranes are sterilized in the
laboratory, autoclave for 10 min at 121°C. At the end of the
sterilization period, let the steam escape rapidly to minimize
accumulation of water of condensation on filters.

h. Absorbent pads consist of disks of filter paper or other
material certified for each lot by the manufacturer to be of high
quality and free of sulfites or other substances of a concentration
that could inhibit bacterial growth. Use pads approximately 48
mm in diameter and of sufficient thickness to absorb 1.8 to 2.2
mL of medium. Presterilized absorbent pads or pads subse-
quently sterilized in the laboratory should release less than 1 mg
total acidity (calculated as CaCO,) when titrated to the phenol-
phthalein end point, pH 8.3, using 0.02N NaOH and produce pH
levels of 7 = 0.2. Sterilize pads simultaneously with membrane
filters available in resealable kraft envelopes, or separately in
other suitable containers. Dry pads so they are free of visible
moisture before use. See sterilization procedure described for
membrane filters above and Section 9020 for additional specifi-
cations on absorbent pads.

i. Forceps: Smooth flat forceps, without corrugations on the
inner sides of the tips. Sterilize before use by dipping in 95%
ethyl or absolute methyl alcohol and flaming.

J. Incubators: Use incubators to provide a temperature of 35
=+ 0.5°C and to maintain a humid environment (60% relative
humidity).

k. Microscope and light source: To determine colony counts
on membrane filters. use a magnification of 10 to 15 diameters
and a cool white fluorescent light source adjusted to give max-
imum sheen discernment. Optimally use a binocular wide-field
dissecting microscope. Do not use a microscope illuminator with
optical system for light concentration from an incandescent light
source for discerning coliform colonies on Endo-type media.

2. Materials and Culture Media

The need for uniformity dictates the use of commercial dehy-
drated media. Never prepare media from basic ingredients when
suitable dehydrated media are available. Follow manufacturer’s
directions for rehydration. Store opened supplies of dehydrated
media in a desiccator. Commercially prepared media in liquid
form (sterile ampule or other) may be used if known to give
equivalent results. See Section 9020 for media quality control
specifications.
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Test each new medium lot against a previously acceptable lot
for satisfactory performance as described in Section 9020B.
With each new lot of Endo-type medium, verify a minimum 10%
of coliform colonies, obtained from natural samples or samples
with known additions, to establish the comparative recovery of
the medium lot.

Before use, test each batch of laboratory-prepared MF medium
for performance with positive and negative culture controls.
Check for coliform contamination at the beginning and end of
each filtration series by filtering 20 to 30 mL of dilution or ringe
water through the filter. If controls indicate contamination, reject
all data from affected samples and request resample.

a. LES Endo agar:*

iVnast etrabh LIVE, oo de sadating e oo Betions ol 152008
Cagitoie op'Eryplitasa A0 Slbvas b 0oL L, B
Thiopeptone or thiotone ...........oeeueeiiiiiiiiiiinnnnniiuiin, 3ihiig
Iryptosesunad. vt b Syttt comut e el g
BGOSR v o M ml wsd o i s e B st Pt STt 94 g
Dipotassium hydrogen phosphate, K,HPQ, ................... ST
Potassium dihydrogen phosphate, KH,PO, ................... 1.0 g
Seditmrthlordes Natl= L =08 TR et T -3
Sodium- desoxyeholate ©...mlih i e e 0.1 g
Sodiun: JAugyhsuHae .o - sustmte. brath, o Sl ML 9T 0.05 g
Sodium sulfite, NasSO5 . b .ok Wil S B AL T i, 1.6 g
Baste-fuchald oo oo oo oL iilgean T oaa 08 g
Aale wadiane . S . asaet s lpsee Ny 150 g
REAGET-ETANR WAIEE vamin's Livs sioh £ s sl sies s s i bomaits du s s e

Rehydrate product in I L water containing 20 mL 95% etha-
nol. Do not use denatured ethanol, which reduces background
growth and coliform colony size. Bring to a near boil to dissolve
agar, then promptly remove from heat and cool to 45 to 50°C. Do
not sterilize by autoclaving. Final pH 7.2 + 0.2. Dispense in 5-
to 7-mL quantities into lower section of 60-mm glass or plastic
petri dishes. If dishes of any other size are used, adjust quantity
to give an equivalent depth of 4 to 5 mm. Do not expose poured
plates to direct sunlight; refrigerate in the dark, preferably in
sealed plastic bags or other containers to reduce moisture 10ss.
Discard unused medium after 2 weeks or sooner if there is
evidence of moisture loss, medium contamination, or medium
deterioration (darkening of the medium).

b. M-Endo medium:+

Tryptose:orPOlypeptone: .. i di M il n st 100 g
Thiopeptone or thiotone ............. TR o SVl 50 g
Casitone OF TYPHOASE, & vuvvoesmeriosmivsmiistiissmsiusstasnnios 50 g
NERSLERACE . oo omunc i v ta s o Ly g
THCEORE vy cataoh Vo v i S g e L 12 o
Soditt chlerde NG ... .. 7 S0t 1 e ailaite, 1 50""g
Dipotassium hydrogen phosphate, K,HPO, ................ 4375 g
Potassium dihydrogen phosphate, KH,PO, ................ 1375 ¢
Sodium laurylssulfets,, Mt 2l gnvnmodd . soain 005 g
Sodium:desoxychalate s ki hmesbos cosmmysn . 0,10 g
Sodinmsniite, NasSO e B s s Sk 210 g
LR DT U P o G S 1.05 ¢
ApAr (OPUONALY .. o i a b v s s i s eina s e 150 g
ReAgenE-EPMAE WRAIET vy vvivussvns i cryarsinint ositeetontnnars I

* Dehydrated Difco M-Endo Agar LES (No. 0736), dehydrated BBL M-Endo
Agar LES (No, 11203), or equivalent,

 Dehydrated Difco M-Endo Broth MF (No. 0749), dehydrated BBL m-Coliform
Broth (No. 11119), or equivalent may be used if absorbent pads are used.
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MICROBIOLOGICAL EXAMINATION (9000)

TasLE 9222:1. SucGesTeEn SAMPLE VoLuMes FOr MEMBRANE FiLter ToraL Cormrorm TesT

Volume (X) To Be Filtered

mL
Water Source 100 50 10 1 0.1 0.01 0.001 0.0001
Drinking water X
Swimming pools X
Wells, springs X X X
Lakes, reservoirs X X X
Water supply intake X X X
Bathing beaches X X X
River water X X X X
Chlorinated sewage X X X
Raw sewage X X X

1) Agar preparation—Rehydrate product in 1 L. water con-
taining 20 mL 95% ethanol. Heat to near boiling to dissolve agar,
then promptly remove from heat and cool to between 45 and
50°C. Dispense 5-to 7-mL quantities into 60-mm sterile glass or
plastic petri dishes. If dishes of any other size are used, adjust
quantity to give an equivalent depth. Do not sterilize by auto-
claying. Final pH should be 7.2 + (.2. A precipitate is normal in
Endo-type media.

Refrigerate finished medium in the dark and discard unused
agar after 2 weeks.

2) Broth preparation—Prepare as above, omitting agar. Dis-
pense liquid medium (at least 2.0 mL per plate) onto absorbent
pads (see absorbent pad specifications, Section 9222B.1) and
carefully remove excess medium by decanting the plate. The
broth may have a precipitate but this does not interfere with
medium performance if pads are certified free of sulfite or other
toxic agents at a concentration that could inhibit bacterial
growth. Refrigerated broth may be stored for up to 4 d.

¢. Buffered dilution rinse water: See Section 9050C.1.

3. Samples

Collect samples as directed in Sections 9060A and B.

4. Coliform Definition

Bacteria that produce a red colony with a metallic (golden)
sheen within 24 h incubation at 35°C on an Endo-type medium
are considered members of the coliform group. The sheen may
cover the entire colony or may appear only in a central area or on
the periphery. The coliform group thus defined is based on the
production of aldehydes from fermentation of lactose. While this
biochemical characteristic is part of the metabolic pathway of
gas production in the multiple-tube test, some variations in
degree of metallic sheen development may be observed among
coliform strains. However, this slight difference in indicator
definition is not considered critical to change its public health
significance, particularly if suitable studies have been conducted
to establish the relationship between results obtained by the MF
and those obtained by the standard multiple-tube fermentation
procedure.

5. Procedures

a. Selection of sample size: Size of sample will be governed
by expected bacterial density. In drinking water analyses, sample

size will be limited only by the degree of turbidity or by the
noncoliform growth on the medium (Table 9222:1). For regula-
tion purposes, 100 mL is the official sample size.

An ideal sample volume will yield 20 to 80 coliform colonies
and not more than 200 colonies of all types on a membrane-filter
surface. Analyze drinking waters by filtering 100 to 1000 mL, or
by filtering replicate smaller sample volumes such as duplicate
50-mL or four replicates of 25-mL portions. Analyze other
waters by filtering three different volumes (diluted or undiluted),
depending on the expected bacterial density. See Section
9215B.2 for preparation of dilutions. When less than 10 mL of
sample (diluted or undiluted) is to be filtered, add approximately
10 mL sterile dilution water to the funnel before filtration or
pipet the sample volume into a sterile dilution bottle, then filter
the entire dilution. This increase in water volume aids in uniform
dispersion of the bacterial suspension over the entire effective
filtering surface.

b. Sterile filtration units: Use sterile filtration units at the
beginning of each filtration series as a minimum precaution to
avoid accidental contamination. A filtration series is considered
to be interrupted when an interval of 30 min or longer elapses
between sample filtrations. After such interruption, treat any
further sample filtration as a new filtration series and sterilize all
membrane filter holders in use. See Section 9222B.1f for steril-
ization procedures and Section 9020B.3/ and m for UV cleaning
and safety guidelines.

¢. Filtration of sample: Using sterile forceps, place a sterile
membrane filter (grid side up) over porous plate of receptacle.
Carefully place matched funnel unit over receptacle and lock it
in place. Filter sample under partial vacuum. With filter still in
place, rinse the interior surface of the funnel by filtering three 20-
to 30-mL portions of sterile dilution water. Alternatively, rinse
funnel by a flow of sterile dilution water from a squeeze bottle.
This is satisfactory only if the squeeze bottle and its contents do
not become contaminated during use. Rinsing between samples
prevents carryover contamination. Upon completion of final
rinse and the filtration process disengage vacuum. unlock and
remove funnel, immediately remove membrane filter with sterile
forceps, and place it on selected medium with a rolling motion to
avoid entrapment of air. If the agar-based medium is used, place
prepared filter directly on agar, invert dish, and incubate for 22
to 24 hat 35 * 0.5°C.

If liguid medium is used, place a pad in the culture dish and
saturate with at least 2.0 mL. M-Endo medium and earefully
remove excess medium by decanting the plate. Place prepared
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filter directly on pad, invert dish, and incubate for 22 to 24 h at
35 *£:10:5%6:

Differentiation of some colonies from either agar or liquid
medium substrates may be lost if cultures are incubated beyond
24 h.

Insert a sterile rinse water sample (100 mL) after filtration of
a series of 10 samples to check for possible cross-contamination
or contaminated rinse water. Incubate the rinse water control
membrane culture under the same conditions as the sample.

For nonpotable water samples, preferably decontaminate filter
unit after each sample (as described above) because of the high
number of coliform bacteria present in these samples. Alterna-
tively, use an additional buffer rinse of the filter unit after the
filter is removed to prevent carryover between samples.

d. Alternative enrichment technigue: Place a sterile absor-
bent pad in the lid of a sterile culture dish and pipet at least 2.0
mL lauryl tryptose broth, prepared as directed in 9221B.1al), to
saturate pad. Carefully remove any excess liquid from absorbent
pad by decanting plate. Aseptically place filter through which the
sample has been passed on pad. Incubate filter, without inverting
dish, for 1.5 to 2 h at 35 = 0.5°C in an atmosphere of at least
60% relative humidity.

If the agar-based Endo-type medium is used, remove enrich-
ment culture from incubator, lift filter from enrichment pad, and
roll it onto the agar surface, which has been allowed to equili-
brate to room temperature. Incorrect filter placement is at once
obvious, because patches of unstained membrane indicate en-
trapment of air. Where such patches occur, carefully reseat filter
on agar surface. If the liguid medium is used, prepare final
culture by removing enrichment culture from incubator and
separating the dish halves. Place a fresh sterile pad in bottom half
of dish and saturate with at least 2.0 mL of M-Endo medium and
carefully remove excess liquid from absorbent pad by decanting
plate. Transfer filter, with same precautions as above, to new
pad. Discard used enrichment pad.

With either the agar or the liquid medium, invert dish and
incubate for 20 to 22 h at 35 = 0.5°C. Proceed to { e below.

e. Counting: To determine colony counts on membrane fil-
ters, use a low-power (10 to 15 magnifications) binocular wide-
field dissecting microscope or other optical device, with a cool
white fluorescent light source directed to provide optimal view-
ing of sheen. The typical coliform colony has a pink to dark-red
color with a metallic surface sheen. Count both typical and
atypical coliform colonies. The sheen area may vary in size from
a small pinhead to complete coverage of the colony surface.
Atypical coliform colonies can be dark red, mucoid, or nucleated
without sheen. Generally pink, blue, white, or colorless colonies
lacking sheen are considered noncoliforms. The total count of
colonies (coliform and noncoliform) on Endo-type medium has
no consistent relationship to the total number of bacteria present
in the original sample. A high count of noncoliform colonies
may interfere with the maximum development of coliforms.
Refrigerating cultures (after 22 h incubation) with high densities
of noncoliform colonies for 0.5 to 1 h before counting may deter
spread of confluence while aiding sheen discernment.

Samples of disinfected water or wastewater effluent may in-
clude stressed organisms that grow relatively slowly and produce
maximum sheen in 22 to 24 h. Organisms from undisinfected
sources may produce sheen at 16 to 18 h, and the sheen subse-
quently may fade after 24 to 30 h.
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Jfo Coliform verification: Occasionally, typical sheen colonies
may be produced by noncoliform organisms and atypical colo-
nies (dark red or nucleated colonies without sheen) may be
coliforms. Preferably verify all typical and atypical colony types.
For drinking water, verify all suspect colonies by swabbing the
entire membrane or pick at least five typical colonies and five
atypical colonies from a given membrane filter culture. For
waters other than drinking water, at a minimum, verify at least
10 sheen colonies (and representative atypical colonies of
different morphological types) from a positive water sample
monthly. See Section 9020B.8. Based on need and sample
type, laboratories may incorporate more stringent quality
control measures (e.g., verify at least one colony from each
typical or atypical colony type from a given membrane filter
culture, verify 10% of the positive samples). Adjust counts on
the basis of verification results. Verification tests are listed
below.

1) Lactose fermentation—Transfer growth from each colony
or swab the entire membrane with a sterile cotton swab (for
presence-absence results in drinking water samples) and place in
lauryl tryptose broth; incubate the lauryl tryptose broth at 35 =
0.5°C for 48 h. Gas formed in lauryl tryptose broth and con-
firmed in brilliant green lactose broth (Section 9221B.2 for
medium preparation) within 48 h verifies the colony as a coli-
form. Simultaneous inoculation of both media for gas production
is acceptable. Inclusion of EC broth inoculation for 44.5 + 0.2°C
incubation will provide information on the presence of fecal
coliforms. Use of EC-MUG with incubation at 44,5 = 0.2°C for
24 h will provide information on presence of E. coli. See Section
9222G for MF partition procedures.

2) Alternative coliform verifications—Apply this alternative
coliform verification procedure to isolated colonies on the mem-
brane filter culture. If a mixed culture is suspected or if colony
separation is less than 2 mm, streak the growth to M-Endo
medium or MacConkey agar to assure culture purity or submit
the mixed growth to the fermentation tube method.

a) Rapid test—A rapid verification of colonies utilizes test
reactions for cytochrome oxidase (CO) and B-galactosidase.
Coliform reactions are CO negative and B-galactosidase positive
within 4 h incubation of tube culture or micro (spot) test proce-
dure.

b) Commercial multi-test systems—Verify the colony by
streaking it for purification, selecting a well-isolated colony, and
inoculating into a multi-test identification system for Enterobac-
teriaceae that includes lactose fermentation and/or B-galactosi-
dase and CO test reactions.

6. Calculation of Coliform Density

Compute the count, using membrane filters with 20 to 80
coliform colonies and not more than 200 colonies of all types per
membrane, by the following equation:

coliform colonies counted X 100
mL sample filtered

(Total) coliforms/100 mL =

If no coliform colonies are observed, report the coliform
colonies counted as “<1 coliform/100 mL.”
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For verified coliform counts, adjust the initial count based
upon the positive verification percentage and report as “verified
¢oliform count/100 mL."”

Percentage verified coliforms

number of verified colonies

* total number of coliform colonies subjected ta verification

a. Water of drinking water quality: While the EPA Total
Coliform Rule for public water supply samples requires only a
record of coliform presence or absence in 100-mL samples, it
may be advisable to determine coliform densities in repeat
sampling situations. This is of particular importance when a
coliform biofilm problem is suspected in the distribution system.
Quantitative information may provide an indication of the mag-
nitude of a contaminating event.

With water of good quality, the occurrence of coliforms gen-
erally will be minimal. Therefore, count all coliform colonies
(disregarding the lower limit of 20 cited above) and use the
formula given above to obtain coliform density.

If confluent growth occurs, covering either the entire filtration
area of the membrane or a portion thereof, and colonies are not
discrete, report results as “confluent growth with (or without)
coliforms.” If the total number of bacterial colonies, coliforms
plus noncoliforms, exceeds 200 per membrane, or if the colonies
are not distinct enough for accurate counting, report results as
“too numerous to count” (TNTC) or “confluent,” respectively.
For drinking water, the presence of coliforms in such cultures
showing no sheen may be confirmed by either transferring a few
colonies or placing the entire membrane filter culture into a
sterile tube of brilliant green lactose bile broth. As an alternative,
brush the entire filter surface with a sterile loop, applicator stick,
or cotton swab and inoculate this growth to the tube of brilliant
green lactose bile broth. If gas is produced from the brilliant
green bile broth tube within 48 h at 35 £ 0.5°C, coliforms are
present. For compliance with the EPA Total Coliform Rule,
report confluent growth or TNTC with at least one detectable
coliform colony (which is verified) as a total coliform positive
sample. Report confluent growth or TNTC without detectable
coliforms as invalid. For invalid samples, request a new sample
from the same location within 24 h and select more appropriate
volumes to be filtered per membrane, observing the requirement
that the standard drinking water portion is 100 mL, or choose
another coliform method that is less subject to heterotrophic
bacterial interferences. Thus, to reduce interference from over-
crowding, instead of filtering 100 mL per membrane, filter
50-mL portions through two separate membranes, 25-mL por-
tions through each of four membranes, etc. Total the coliform
counts observed on all membranes and report as number per 100
mL.

b. Water of other than drinking water quality: As with potable
water samples, if no filter has a coliform count falling in the ideal
range, total the coliform counts on all filters and report as
number per 100 mL. For example, if duplicate 50-mL portions
were examined and the two membranes had five and three
coliform colonies, respectively, report the count as eight coli-
form colonies per 100 mL, i.e.,

[(5 + 3) X 100]

= liforms/100 mL.
(50 + 50) 8 coliforms/100
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Similarly, if 50-, 25-, and 10-mL portions were examined and
the counts were 15, 6, and <1 coliform colonies, respectively,
report the count as 25/100 mL, i.e.,

[(15 + 6 + 0) x 100]

= i 100 mL.
50+ 25 + 10) 25 coliforms/100 m

On the other hand, if 10-, 1.0-, and 0.1-mL portions were
examined with counts of 40, 9, and <I coliform colonies,
respectively, select the 10-mL portion only for calculating the
coliform density because this filter had a coliform count falling
in the ideal range. The result is 400/100 mL, i.e.,

w = 400 coliforms/100 mL

In this last example, if the membrane with 40 coliform colo-
nies also had a total bacterial colony count greater than 200,
report the coliform count as =400/100 mL.

Report confluent growth or membranes with colonies too
numerous to count as described in a above. Request a new
sample and select more appropriate volumes for filtration or
utilize the multiple-tube fermentation technique.

c. Statistical reliability of membrane filter results: Although
the precision of the MF technique is greater than that of the MPN
procedure, membrane counts may underestimate the number of
viable coliform bacteria. Table 9222:II illustrates some 95%
confidence limits. These values are based on the assumption that
bacteria are distributed randomly and follow a Poisson distribu-
tion. For results with counts, ¢, greater than 20 organisms,
calculate the approximate 95% confidence limits using the fol-
lowing normal distribution equations:

TasLe 9222:11. ConrFipence LiMiTs FoR MEMBRANE FILTER COLIFORM
Resurts Usmg 100-ML SAMPLE

Number of Coliform 95% Confidence Limits

Colonies Counted Lower Upper

0 0.0 3.7
I 0.1 5.6
2 02 e
3 0.6 8.8
4 1.0 10.2
5 1.6 11.7
6 22 13.1
7 2.8 14.4
8 34 15.8
9 4.0 17.1
10 47 18.4
11 5.4 19.7
12 6.2 21.0
13 6.9 223
14 7.7 23.5
15 8.4 24.8
16 52 26.0
17 9.9 272
I8 10.7 28.4
19 11.5 29.6
20 12.2 30.8
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Upper limit = ¢ +2\c  Lower limit = ¢ — 2/
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9222 C. Delayed-Incubation Total Coliform Procedure

Modification of the standard MF technique permits membrane
shipment or transport after filtration to a distant laboratory for
transfer to another substrate, incubation, and completion of the
test. This delayed-incubation test may be used where it is im-
practical to apply conventional procedures. It also may be used:
(@) where it is not possible to maintain the desired sample
temperature during transport; (b) when the elapsed time between
sample collection and analysis would exceed the approved time
limit; or (c) where the sampling location is remote from labora-
tory services.

Independent studies using both fresh- and salt-water samples
have shown consistent results between the delayed incubation
and standard direct test. Determine the applicability of the de-
layed-incubation test for a specific water source by comparing
with results of conventional MF methods.

To conduct the delayed-incubation test, filter sample in the
field immediately after collection, place filter on the transport
medium, and ship to the laboratory. Complete the coliform
determination in the laboratory by transferring the membrane to
standard M-Endo or LES Endo medium, incubating at 35 +
0.5°C for 20 to 22 h, and counting typical and atypical coliform
colonies that develop. For drinking water samples collected for
compliance with the EPA Total Coliform Rule, report the pres-
ence or abhsence of verified coliforms in 100-mL samples. Verify
colonies as outlined previously in Section 9222B.5f.

Transport media are designed to keep coliform organisms
viable and generally do not permit visible growth during transit
time. Bacteriostatic agents in holding/preservative media sup-
press growth of microorganisms en route but allow normal
coliform growth after transfer to a fresh medium.

The delayed-incubation test follows the methods outlined for
the total coliform MF procedure, except as indicated below. Two
alternative methods are given, one using the M-Endo preserva-
tive medium and the other the M-ST holding medium.

1. Apparatus

a. Culture dishes: Use disposable, sterile, plastic petri dishes
(50 X 12 mm) with tight-fitting lids. Such containers are light in
weight and are less likely to break in transit. In an emergency or
when plastic dishes are unavailable, use sterile glass petri dishes
wrapped in plastic film or similar material. See Section 9222B.1¢
for specifications.

b. Field filtration units: See Section 9222B.1f for specifica-
tions. Disinfect by adding methyl alcohol to the filtering cham-
ber. igniting the alcohol, and covering unit to produce formal-
dehyde. Ultraviolet light disinfection also may be used in the
field if an appropriate power source is available (115 V, 60 Hz).
Glass or metal filtration units may be sterilized by immersing in
boiling water for 2 min. Use a hand aspirator to obtain necessary
vacuum.

2. Materials and Transport Media

a. M-Endo methods:

1) M-Endo preservative medium. Prepare M-Endo medium as
described in Section 9222B.2b. After cooling to below 45°C,
aseptically add 3.84 g sodium benzoate (USP grade)/L. or 3.2 mL
12% sodium benzoate solution to 100 mL medium. Mix ingredients
and dispense in 5- to 7-mL quantities to 50- X 9-mm petri plates.
Refrigerate poured plates. Discard unused medium after 96 h.

2) Sodium benzoate solution: Dissolve 12 g NaC;HsO, in
sufficient reagent water to make 100 mL. Sterilize by autoclav-
ing or by filtering through a 0.22-wm pore size membrane filter.
Discard after 6 months.

3) Cycloheximide:* Optionally add cycloheximide to M-Endo
preservative medium. It may be used for samples that previously

* Actidione ®, manufactured by the Upjohn Company, Kalamazoo. ML, or equiv-
alent.
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have shown overgrowth by fungi, including veasts. Prepare by
aseptically adding 50 mg cycloheximide/100 mL to M-Endo pre-
servative medium. Store cyeloheximide solution in refrigerator and
discard after 6 months, Cycloheximide is a powerful skin irritant;
handle with caution according to the manufacturer’s directions.

b. M-ST method:

M-ST holding medium:

Sedium phosphate, monobasic, NaH,PO,-H,O ............... 0:lg
Dipotassium hydrogen phosphate, K.HPO, L. 3.0g
SulfRntlanidE . coomnser s s TR R S e 1.5¢g
BUAna] (9590 nersmmmsis s o s e s 10 mL
Tris (hydroxymethyl) aminomethane. _......................... 30g
ReapemtopradE WaE . . .o cossrumasmnmmremaers sees nns s l L

Dissolve ingredients by rehydrating in water. Sterilize by
autoclaving at 121°C for IS5 min. Final pH should be 8.6 = 0.2.
Dispense at least 2.0 mL to tight-lidded plastic culture dishes
containing an absorbent pad and carefully remove excess liquid
from pad by decanting plate. Store in refrigerator for use within
96 h.

3. Procedure

a. Sample preservation and shipment: Place absorbent pad in
bottom of sterile petri dish and saturate with selected coliform
holding medium (see Section 9222C.2 above). Remove mem-
brane filter from filtration unit with sterile forceps and roll it, grid
side up, onto surface of medium-saturated pad. Protect mem-
brane from moisture loss by tightly closing plastic petri dish.
Seal loose-fitting dishes with an appropriate sealing tape to
prevent membrane dehydration during transit. Place culture dish
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containing membrane in an appropriate shipping container and
send to the laboratory for test completion. The sample can be
held without visible growth for a maximum of 72 h on the
holding/preservative medium. This usually allows use of the
mail or a common carrier. Visible growth occasionally begins on
the transport medium when high temperatures are encountered
during transit.

b. Transfer and incubation: At the laboratory. transtfer mem-
brane from holding medium on which it was shipped to a second
sterile petri dish containing M-Endo or LES Endo medium and
incubate at 35 * (.5°C for 20 to 22 h.

4. Estimation of Coliform Density

Proceed as in Section 9222B.6 above. Record times of collec-
tion, filtration, and laboratory examination. and calculate the
elapsed time. Report elapsed time with coliform results.
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9222 D. Fecal Coliform Membrane Filter Procedure

Fecal coliform bacterial densities may be determined either by
the multiple-tube procedure or by the MF technique. See Section
9225 for differentiation of Escherichia coli. the predominant
fecal coliform. If the MF procedure is used for chlorinated
effluents, demonstrate that it gives comparable information to
that obtainable by the multiple-tube test before accepting it as an
alternative. The fecal coliform MF procedure uses an enriched
lactose medium and incubation temperature of 44.5 = 0.2°C for
selectivity. Because incubation temperature is critical, submerge
waterproofed (plastic bag enclosures) MF cultures in a water
bath for incubation at the elevated temperature or use an appro-
priate solid heat sink incubator or other incubator that is docu-
mented to hold the 44.5°C temperature within 0.2°C throughout
the chamber, over a 24-h period. Areas of application for the
fecal coliform method in general are stated in the introduction to
the multiple-tube fecal coliform procedures, Section 9221E.

1. Materials and Culture Medium

a. M-FC medium: The need for uniformity dictates the use of
dehydrated media. Never prepare media from basic ingredients

when suitable dehydrated media are available. Follow manufac-
turer’s directions for rehydration. Commercially prepared media
in liquid form (sterile ampule or other) also may be used if
known to give equivalent results. See Section 9020 for quality
control specifications.

M-FC medium:

TIYPI0SE . OF BIOSHIE wuvuun sovammmimsnins e s i s msms 10.0 g
Proteose peptone No. 3 or polypeptone .............oocevnnes 50¢
WEASE BRIHEL . suvmsicsmime i sn s s son v A w5 S s e s 30 g
Sodidmichloride; Na€l .zcconmusuansmmii svvisssnyass 50g
LAGKORE | ... ommomms womms somesemimm e S e TRy 125 ¢
Bile salts No. 3 or bile salts mixture ..,.......oooooiiiiiiin. 15¢
AR TR e anmninnorioi s i S R B R e 0.1g
AEArOPEONAl) .o AT 150 g
Reagent-grade WaleT .........ooieeiiioniiiiiiieceiiieeaenan, I L

Rehydrate product in | L water containing 10 mL 1% rosolic
acid in 0.2V NaOH.* Heat to near boiling, promptly remove

* Rosolic acid reagent will decompose if sterilized by autoclaving. Refrigerate
stock solution in the dark and discard after 2 weeks or sooner if its color changes
from dark red to muddy brown.
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TasLe 9222:11. SuGGESTED SAMPLE VOLUMES FoR MEMBRANE FiLTerR Fecar Covurorm TEST

Volume (X) To Be Filtered
mL

Water Source
100 50 10

1 0.1 0.01 0.001 0.0001

Lakes, reservoirs X
Wells, springs X
Water supply intake

Natural bathing waters

Sewage treatment plant

Farm ponds, rivers

Stormwater runoff

Raw municipal sewage

Feedlot runoff

Sewage sludge

Pl

il

P B e
b e
Pelie e Rl
PR

from heat, and cool to below 50°C. Do not sterilize by autoclav-
ing. If agar is used, dispense 5- to 7-mL quantities to 50- X
12-mm petri plates and let solidify. Final pH should be 7.4 +
0.2, Refrigerate finished medium, preferably in sealed plastic
bags or other containers to reduce moisture loss, and discard
unused broth after 96 h or unused agar after 2 weeks.

Test each medium lot against a previously acceptable Tot for
satisfactory performance as described in Section 9020B. by
making dilutions of a culture of E. coli (Section 9020) and
filtering appropriate volumes to give 20 to 60 colonies per filter.
With each new lot of medium verify 10 or more colonies
obtained from several natural samples, to establish the absence
of false positives. For most samples M-FC medium may be used
without the 1% rosolic acid addition, provided there is no inter-
ference with background growth. Such interference may be
expected in stormwater samples collected during the first runoff
(initial flushing) after a long dry period.

Before use, test each batch of laboratory-prepared MF medium
for performance with positive and negative culture controls.
Check for coliform contamination at the beginning and end of
each filtration series by filtering 20 to 30 mL of dilution or rinse
water through filter. If controls indicate contamination, reject all
data from affected samples and request resample.

b. Culture dishes: Tight-fitting plastic dishes are preferred
because the membrane filter cultures are submerged in a water
bath during incubation. Place fecal coliform cultures in plastic
bags or seal individual dishes with waterproof (freezer) tape to
prevent leakage during submersion. Specifications for plastic
culture dishes are given in Section 9222B.1e.

¢. Incubator: The specificity of the fecal coliform test is
related directly to the incubation temperature. Static air incuba-
tion may be a problem in some types of incubators because of
potential heat layering within the chamber, slower heat transfer
from air to the medium, and the slow recovery of temperature
cach time the incubator is opened during daily operations. To
meet the need for greater temperature control use a water bath,
a heat-sink incubator, or a properly designed and constructed
incubator shown to give equivalent results. A temperature toler-
ance of 44.5 = 0.2°C can be obtained with most types of water
baths that also are equipped with a gable top for the reduction of
water and heat losses.

2. Procedure

a. Selection of sample size: Select volume of water sample to
be examined in accordance with the information in Table 9222:
III. Use sample volumes that will yield counts between 20 and 60
fecal coliform colonies per membrane.

When the bacterial density of the sample is unknown, filter
several volumes or dilutions to achieve a countable density.
Estimate volume and/or dilution expected to yield a countable
membrane and select two additional quantities representing one-
tenth and ten times this volume, respectively.

b. Filtration of sample: Follow the same procedure and pre-
cautions as prescribed under Section 9222B.5b above.

¢. Preparation of culture dish: Place a sterile absorbent pad in
each culture dish and pipet at least 2.0 mL M-FC medium,
prepared as directed above, to saturate pad. Carefully remove
any excess liquid from culture dish by decanting the plate.
Aseptically, place prepared filter on medium-impregnated pad as
described in Section 9222B above.

As a substrate substitution for the nutrient-saturated absorbent
pad, add 1.5% agar to M-FC broth as described in Section 9222B
above.

d. Incubation: Place prepared dishes in waterproof plastic
bags or seal, invert, and submerge petri dishes in water bath, and
incubate for 24 = 2 h at 44.5 += 0.2°C. Anchor dishes below
water surface to maintain critical temperature requirements.
Place all prepared cultures in the water bath within 30 min after
filtration. Alternatively, use an appropriate, accurate solid heat
sink or equivalent incubator.

e. Counting: Colonies produced by fecal coliform bacteria on
M-FC medium are various shades of blue. Nonfecal coliform
colonies are gray to cream-colored. Normally, few nonfecal
coliform colonies will be observed on M-FC medium because of
selective action of the elevated temperature and addition of
rosolic acid salt reagent. Count colonies with a low-power (10 to
15 magnifications) binocular wide-field dissecting microscope or
other optical device.

[ Verification: Verify typical blue colonies and any atypical
grey to green colonies as described in Section 9020 for fecal
coliform analysis. Simultaneous inoculation at both temperatures
is acceptable.
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3. Calculation of Fecal Coliform Density

a. General: Compute the density from the sample quantities
that produced MF counts within the desired range of 20 to 60
fecal coliform colonies. This colony density range is more re-
strictive than the 20 to 80 total coliform range because of larger
colony size on M-FC medium. Calculate fecal coliform density
as directed in Section 9222B.6 above. Record densities as fecal
coliforms per 100 mL.

b. Sediment and biosolid samples: For total solid (dry weight
basis) see Section 2540G.

Calculate fecal coliforms per gram dry weight for biosolid
analysig as follows:

Fecal coliforms per gram dry weight

) colonies counted
(dilution chosen) X (% dry solids)

where dilution and % dry solids are expressed in decimal
form.

Example 1: There were 22 colonies observed on the 1:10 000
dilution plate of a biosolid with 4% dry solids.

-(DDUDZI% = 5.5 X 10° fecal coliform/g dry weight

If no filter has a coliform count falling in the ideal range (20
to 60), total the coliform counts on all countable filters and report
as fecal coliforms per gram dry weight.

Example 2: There were 18 colonies observed on the 1:10 000
dilution plate and 2 colonies observed on the 1:100 000 dilution
plate of a biosolid sample with 4% dry solids.

(18 + 2)
(0.0001 + 0.00001)(0.04)

="4.5' % "10°

9222 E. Delayed-Incubation

This delayed-incubation procedure is similar to the delayed-
incubation total coliform procedure (Section 9222C). Use the
delayed-incubation test only when the standard immediate fecal
coliform test cannot be performed (i.e., where the appropriate
field incubator is not available, or where, under certain circum-
stances, a specialized laboratory service is advisable to examine,
confirm, or speciate the suspect colonies).

Results obtained by this delayed method have been consis-
tent with results from the standard fecal coliform MF test
under various laboratory and field use conditions. However,
determine test applicability for a specific water source by
comparison with the standard MF test, especially for saline
waters, chlorinated wastewaters, and waters containing toxic
substances.

To conduct the delayed-incubation test filter sample in the
field immediately after collection, place filter on M-ST holding
medium (see Section 9222C.26), and ship to the laboratory.

MICROBIOLOGICAL EXAMINATION (9000)

To compute a geometric mean of samples, convert coliform
densities of each sample to log,, values. Determine the geomet-
ric mean for the given number of samples (usually seven) by
averaging the log;, values of the coliform densities and taking
the antilog of that value.
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Fecal Coliform Procedure

Complete fecal coliform test by transferring filter to M-FC
medium, incubating at 44.5°C for 24 = 2 h, and counting fecal
coliform colonies.

The M-ST medium keeps fecal coliform organisms viable but
prevents visible growth during transit. Membrane filters can be
held for up to 3 d on M-ST holding medium with little effect on
the fecal coliform counts,

1. Apparatus

a. Culture dishes: See Section 9222C.1a for specifications.
b. Field filtration units: See Section 9222C.1b.

2. Materials and Transport Medium

a. M-ST medium: Prepare as described in Section 9222C.2b.
b. M-FC medium: Prepare as described in Section 9222D.1a.
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3. Procedure

a. Membrane filter transport: Place an absorbent pad in a
tight-lid plastic petri dish and saturate with M-ST holding me-
dium. After filtering sample remove membrane filter from filtra-
tion unit and place it on medium-saturated pad. Use only tight-lid
dishes to prevent moisture loss; however, avoid having excess
liquid in the dish. Place culture dish containing membrane in an
appropriate shipping container and send to laboratory. Mem-
branes can be held on the transport medium at ambient temper-
ature for a maximum of 72 h with little effect on fecal coliform
counts.

b. Transfer: At the laboratory remove membrane from hold-
ing medium and place it in another dish containing M-FC me-
dium.

¢. Incubation: After transfer of filter to M-FC medium, place
tight-lid dishes in waterproof plastic bags, invert, and submerge
in a water bath at 44.5°C £ 0.2°C for 24 £ 2 h or use a solid heat
sink or equivalent incubator.
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d. Counting: Colonies produced by fecal coliform bacteria are
various shades of blue. Nonfecal coliform colonies are gray to
cream-colored. Count colonies with a binocular wide-field dis-
secting microscope at 10 to 15 magnifications.

e. Verification: Verify typical blue colonies and any atypical
(grey to green) colonies as described in Section 9020 for fecal
coliform analysis.

4, Estimation of Fecal Coliform Density

Count as directed in Section 9222D.2¢ above and compute
fecal coliform density as described in Section 9222D.3. Record
time of collection, filtration, and laboratory examination, and
calculate and report elapsed time.

5. Bibliography
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procedure for detection of fecal coliforms in water. Appl. Environ.
Microbiol. 46:889.

9222 F. Klebsiella Membrane Filter Procedure

Klebsiella bacteria belong to the family Enterobacteriaceae
and are included in the total coliform group. The outermost layer
of Klebsiella bacteria consists of a large polysaccharide capsule,
a characteristic that distinguishes this genus from most other
bacteria in this family; this capsule provides some measure of
protection from disinfectants. Klebsiella bacteria are commonly
associated with coliform regrowth in large water supply distri-
bution systems.

Klebsiellae may be opportunistic pathogens that can give rise
to bacteremia, pneumonia, urinary tract, and several other types
of human infection. Approximately 60 to 80% of all Kiebsiella
from feces and from clinical specimens are positive in the fecal
coliform test and are Klebsiella pneumoniae.

Klebsiella bacteria also are widely distributed in nature, oc-
curring in soil, water, grain, vegetation, etc. Wood pulp, paper
mills, textile finishing plants, and sugar-cane processing opera-
tions contain large numbers of klebsiellae in their effluents (10
to 10°), and Klebsiella sp. are often the predominant coliform in
such effluents,

Rapid quantitation may be achieved in the MF procedure by
modifying M-FC agar base through substitution of inositol for
lactose and adding carbenicillin or by using M-Kleb agar. These
methods reduce the necessity for biochemical testing of pure
strains. Preliminary verification of differentiated colonies is rec-
ommended.

1. Apparatus

a. Culture dishes: See Section 9222B. e for specifications.
b. Filtration units: See Section 9222B.1f.

2. Materials and Culture Medium

a. Modified M-FC agar (M-FCIC agar): This medium may
not be available in dehydrated form and may require preparation
from the basic ingredients:

TryptoSe OUDIOSAIE ovismasiisymssvaiipisosussaiidnrisraia i 10.0 g
Proteose peptone No. 3 or polypeptong ....................... 50g
YEABEBRIERCE oniirvswssuvinoisanintsisas vy ibws sines o a0 508 ik oamainns 30g
Sadiim chloride, NACT ..o o iiiiines inmessisntonsmis ssnnivmn s 50¢g
LT o e 10.0 g
Bile salts No. 3 or bile salts mixture ..............coovveennns 15¢g
VeV 31 (Sl (el et s St M oty Sl A il o 18 0.1g
Agaph), EHEn e L IR Lt IS A R ok, ) 150 ¢
Reapent-pradeswafent aiisi. ok e idanil iy Kl

Heat medium to boiling and add 10 mL 1% rosolic acid
dissolved in 0.2N NaOH. Cool to below 45°C and add 50 mg
carbenicillin.* Dispense aseptically in 5- to 7-mL quantities into
50- X 9-mm plastic petri dishes. Refrigerate until needed. Dis-
card unused agar medium after 2 weeks. Do not sterilize by
autoclaving. Final pH should be 7.4 = 0.2.

b. M-Kleb agar:

Phienolaed agas: . i nolimitaslbasb b srivianatiad, 310 g
Adonifolvisa b s s asinmny an sl SR T 50¢g
ATEHAEDINE: it b e miretle oo S b sl vepal ot o 0.1 g
Sodiom Jauryl Sulfate .. oo vess samiaaimin s 0.l g
Reagent-grade WAIEE . .o.cvmiinsnorsnsnmssinssmmssnsesnnmnszarens (g 2

Sterilize by autoclaving for 15 min at 121°C. After antoclav-
ing, cool to 50°C in a water bath; add 20 mL 95% ethyl alcohol
(not denatured) and 0.05 g filter sterilized carbenicillin/L. Shake
thoroughly and dispense aseptically into 50- X 9-mm plastic

* Available from Geopen. Roerig-Pfizer, Inc. New York, NY.
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culwre plates. The final pH should be 7.4 * 0.2. Refrigerated
medium can be held for 20 d at 4 to 8°C.

3. Procedure

a. See Section 9222B.5 for selection of sample size and
filtration procedure. Select sample volumes that will yield counts
between 20 and 60 Klebsiella colonies per membrane. Place
membrane filter on agar surface; incubate for 24 = 2 h at 35 +
0.5°C. Klebsiella colonies on M-FCIC agar are blue or bluish-
gray. Most atypical colonies are brown or brownish. Occasional
false positive occurrences are caused by Enterobacter species.
Klebsiella colonies on M-Kleb agar are deep blue to blue gray,
whereas other colonies most often are pink or occasionally pale
yellow. Count colonies with a low-power (10 to 15 X magnifi-
cations) binocular wide field dissecting microscope or other
optical device;

b.. Verification; Verify Klebsiella colonies from the first set of
samples from ambient waters and effluents and when Klebsiella
is suspect in water supply distribution systems. Verify a mini-
mum of five typical colonies by transferring growth from a
colony or pure culture to a commercial multi-test system for
gram-negative speciation. Key tests for Kiebsiella are citrate
(positive), motility (negative), lysine decarboxylase (positive),
ornithine decarboxylase (negative), and urease (positive). A
Klebsiella strain that is indole-positive, liquefies pectin, and

MICROBIOLQGICAL EXAMINATION (2000)

demonstrates a negative fecal coliform response is most likely of
nonfecal origin.
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9222 G. MF Partition Procedures

1. Escherichia coli Partition Methods

a. Applications: Escherichia coli is a member of the fecal
coliform group of bacteria; its presence is indicative of fecal
contamination. Rapid quantitation and verification may be
achieved with the MF procedure by transferring the membrane
from a total-coliform- or fecal-coliform-positive sample to a
nutrient agar substrate containing 4-methylumbelliferyl-B-b-
glucuronide (MUG). In this method E. coli is defined as any
coliform that produces the enzyme B-glucuronidase and hydro-
lyzes the MUG substrate to produce a blue fluorescence around
the periphery of the colony.

In the examination of drinking water samples, use this method
to verify the presence of E. coli from a total-coliform-positive
MEF on Endo-type media. In the examination of wastewater and
other nonpotable water samples, use this procedure to verify
positive filters from M-FC medium used in the fecal coliform
MF procedure.

b. Apparatus:

1) Culture dishes: See Section 9222B.1¢.

2) Filtration units: See Section 9222B.1f.

3) Forceps: See Section 9222B.1i.

4) Incubator: See Section 9222B.1;.

5) Uliraviolet lamp, long wave (366 nm), preferably 6 W.

6) Microscope and light source: See Section 9222B.1k.

c. Materials and culture medium:

1) Nutrient agar with MUG (NA-MUG):

RepOneT i 25 e i St o s T b ek 50¢g
Beel SRt s i « din TR T St -2 B TR (AL S 30¢g
AR o B o e R e e s T 150 g
4-methylumbelliferyl-3-p-glucuronide ......... R e 0.1¢g
Reagent-grafde Walel: . o uuilov vo g amtssas e v s gins doea e L

Add dehydrated ingredients to reagent-grade water, mix thor-
oughly, and heat to dissolve. Sterilize by autoclaving for 15 min
at 121°C. Dispense aseptically into 50-mm plastic culture plates.
The final pH should be 6.8 = 0.2. Refrigerated prepared medium
may be held for 2 weeks.

2) EC broth with MUG (EC-MUG):

Fryptoseron fyptiease i sl g it pusidninnaa b 200 g
L aCIORE. 2s. Gt s ish oG LSl s Boniebe diatose vobeos bl gt 50g
Bile salts mixture or bile salts No. 3 ..ccovineiiniaiieiiinye. 15¢g
Dipotassium hydrogen phosphate, K;HPO, ....c...ovvenenn 40 g
Potassium dihydrogen phosphate, KH PO, ....oovveeiiininns l4 g
Sodinm chioride, NaCl ........uvvvneieiemeiieeeneeiseirennans 50g
4-methylumbelliferyl-B-p-glucuronide ................coi Olg
Reagerberadeimaler o, .o lvirs s Ak ss Bl mesnyr gy 1 L

Add dehydrated ingredients to reagent-grade water, mix thor-
oughly and heat to dissolve. pH should be 6.9 *= 0.2 after
sterilization. Before sterilization, dispense into culture tubes and
cap with metal or heat-resistant plastic caps.

d. Procedure: See Section 9222B.5 for selection of sample
size and filtration procedure. For drinking water samples using
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Endo-type medium, count and record the metallic golden sheen
colonies. Before transfer of the membrane, transfer a small
portion of each target colony to the appropriate total coliform
verification medium, using a sterile needle. See Section 9222B.5
for total coliform verification procedures.

Alternatively, after transfer and incubation on NA-MUG,
swab the surface growth on the filter and transfer to the appro-
priate total coliform verification medium. Aseptically transfer
the membrane from the Endo-type medium to NA-MUG or
EC-MUG medium. If differentiation of the total coliforms is
desired using NA-MUG medium, mark each sheen colony with
a fine-tipped marker or by puncturing a hole in the membrane
adjacent to the colony with a sterile needle. Incubate NA-MUG
at 35 = 0.5°C for 4 h or EC-MUG at 44.5 * 0.2°C for 24
+2 h. Observe individual colonies or tubes using a long-wave-
length (366-nm) ultraviolet light source, preferably containing a
6-W bulb. The presence of a blue fluorescence in the tube, on the
periphery (outer edge) of a colony, or observed from the back of
the plate is considered a positive response for E. coli. Count and
record the number of target colonies, if quantification is desired,
or just record presence or absence of fluorescence.

For nonpotable water samples, use M-FC medium for initial
isolation before transfer to NA-MUG or EC-MUG medium. The
procedure is the same as the above, with the exception of the
total coliform verification process.

For the EC-MUG method, a positive control consisting of a
known E. coli (MUG-positive) culture, a negative control con-
sisting of a thermotolerant Klebsiella pneumoniae (MUG-nega-
tive) culture, and an uninoculated medium control may be nec-
essary to interpret the results and to avoid confusion of weak
autofluorescence of the medium as a positive response. See
Section 9221F.

2. Fecal Coliform Partition Method

a. Applications: Further partitioning of total coliforms from
the original MF coliform-positive culture in a presence/absence
search for fecal coliform in a drinking water sample may be
achieved within 24 h. This procedure provides additional infor-
mation from the original sample.
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b. Materials and culture medium: EC broth. See Section
9221E.la.

¢. Procedure: See Section 9222B.5 for selection of sample
size and filtration procedure. For drinking water samples using
Endo-type media, count and record the metallic (golden) sheen
colonies. Before transfer of membrane or swabbing of plate,
transfer a small portion of each target colony to the appropriate
total coliform verification media using a sterile needle (see
Section 9222B.5f). Use a sterile cotton swab to collect bacteria
from the membrane surface, or pick discrete colonies with a
3-mm loop or sterile applicator stick, or transfer the entire
membrane to inoculate a tube of EC medium. Incubate inocu-
lated EC broth in a water bath at 44.5 % 0.2°C for 24 = 2 h.
Place all EC tubes in water bath within 30 min after inoculation.
Maintain a sufficient water depth in water bath incubator to
immerse tubes to upper level of the medium. Gas production in
an EC broth culture in 24 h or less is considered a positive
response for fecal coliform bacteria.
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MICROBIOLOGICAL EXAMINATION (9000)

9223 ENZYME SUBSTRATE COLIFORM TEST*

9223 A.

The enzyme substrate test utilizes hydrolyzable substrates for
the simultaneous detection of total coliform bacteria and Esch-
erichia coli enzymes, When the enzyme technique is used, the
total coliform group is defined as all bacteria possessing the
enzyme [3-p-galactosidase, which cleaves the chromogenic sub-
strate, resulting in release of the chromogen. Escherichia coli are
defined as bacteria giving a positive total coliform response and
possessing the enzyme B-glucuronidase, which cleaves a fluoro-
genic substrate, resulting in the release of the fluorogen. The test
can be used in either a multiple-tube, multi-well, or a presence-
ahsence (single 100-mL sample) format.

1. Principle

a. Total coliform bacteria: Chromogenic substrates, such as
ortho-nitrophenyl-g-p-galactopyranoside (ONPG) or chlorophe-
nol red-B-p-galactopyranoside (CPRG), are used to detect the
enzyme [3-p-galactosidase, which is produced by total coliform
bacteria. The B-p-galactosidase enzyme hydrolyzes the substrate
and produces a color change, which indicates a positive test for
total coliforms at 24 h (ONPG) or 28 h (CPRG) without addi-
tional procedures. Noncoliform bacteria, such as Aeromonas and
Pseudomonas species, may produce small amounts of the en-
zyme [-D-galactosidase, but are suppressed and generally will
not produce a positive response within the incubation time unless
more than 10* colony-forming units (CFU)/mL (10° CEU/100
mL) are present.

* Approved by Standard Methods Committee, 1997.
Joint Task Group: 20th Edition—Carol Palmer (chair), Terry C. Covert, Robert E.
Grant, Nancy H. Hall, Bruce M. Roll, Jon Standridge.

9223 B. Enzyme

1. Substrate Media

Formulations are available commercially* in disposable tubes
for the multiple-tube procedure, in disposable multi-wellst for
the multi-well procedure, or in containers that will hold 100-mL
samples for the presence-absence approach.® Appropriate pre-
weighed portions of the reagent for mixing and dispensing into
multiple tubes for [(0-mL test portions or other containers for
100-mL. samples also are available. The need for good quality

* Colilert ® and Colilert 18 ® for multi-tube, P/A. and tray formats, Colilert MW &
for multi-tube format, and Colisure™ for multi-tube and P/A formats, available
from IDEXX Laboratories, Inc., Westbrook, ME.

+ Quanti-Tray ® or Quanti-Tray ®/2000, available from IDEXX Laboratories,
Inec., Westbrook, ME.

Introduction

b. Escherichia coli: A fluorogenic substrate, such as 4-methyl-
umbelliferyl-B-p-glucuronide (MUG), is used to detect the en-
zyme B-glucuronidase, which is produced by E. coli. The B-glu-
curonidase enzyme hydrolyzes the substrate and produces a
fluorescent product when viewed under long-wavelength (366-
nm) ultraviolet (UV) light. The presence of fluorescence indi-
cates a positive test for E. coli. Some strains of Shigella spp. also
may produce a positive fluorescence response. Because Shigella
spp. are overt human pathogens, this is not considered a detri-
ment for testing the sanitary quality of water.

2. Applications

The enzyme substrate coliform test is recommended for the
analysis of drinking and source water samples. Formulations also
are available for the analysis of marine waters. Initially, labora-
tories planning to use this procedure should conduct parallel
quantitative testing (including seasonal variations) with one of
the standard coliform tests to assess the effectiveness of the test
for the specific water type being analyzed and to determine the
comparability of the two techniques. This is particularly impor-
tant when testing source waters.

Water samples containing humic or other material may be
colored. If there is background color, compare inoculated tubes
to a control tube containing only water sample. In certain waters,
high calcium salt content can cause precipitation but this should
not affect the reaction.

Do not use the enzyme substrate test to verify presumptive
coliform cultures or membrane filter colonies, because the sub-
strate may be overloaded by the heavy inoculum of weak B-p-
galactosidase-producing noncoliforms, causing false-positive re-
sults.

Substrate Test

assurance and uniformity requires the use of a commercial
substrate medium. Avoid prolonged exposure of the substrate to
direct sunlight. Store media according to directions and use
before expiration date. Discard discolored media.

2. Procedure

a. Multiple-tube procedure: Select the appropriate number of
tubes per sample with predispensed media for the multiple-tube
test and label. Follow manufacturer’s instructions for preparing
serial dilutions for various formulations. Aseptically add 10 mL
sample to each tube, cap tightly, and mix vigorously to dissolve.
The mixture remains colorless with ONPG-based tests and turns
yellow with the CPRG format. Some particles may remain
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TasLE 9223:1, CoLor CHANGES FOR Various MEepia

Total
Coliform E. coli
Substrate Positive Positive Negative Result
ONPG-MUG Yellow Blue Colorless/no
fluorescence fluorescence
CPRG-MUG Red or Blue Yellow/no
magenta fluorescence fluorescence

undissolved throughout the test; this will not affect test perfor-
mance. Incubate at 35 = 0.5°C for period specified by substrate
manufacturer.

The procedure also can be performed by adding appropriate
amounts of the substrate media to the sample, mixing thor-
oughly, and dispensing into five or ten sterile tubes. Incubate as
stated for multiple-tube procedure.

b. Multi-well procedure: The multi-well procedure is per-
formed with sterilized disposable packets. Add sample to
100-mL container with substrate, shake vigorously, and pour
into tray. The tray sealer dispenses the sample into the wells and
seals the package. Incubate at 35 = 0.5°C for period specified by
substrate manufacturer. The MPN value is obtained from the
table provided by the manufacturer.

c. Presence-absence procedure (P/A): Aseptically add pre-
weighed enzymatic medium to 100-mL sample in a sterile,
transparent, nonfluorescent borosilicate glass or equivalent bottle
or container. Optionally, add 100-mL sample to the enzymatic
substrate in a sterile container provided by the manufacturer.
Aseptically cap and mix thoroughly to dissolve. Incubate as
specified in manufacturer’s instructions.

3. Interpretation

a. Total coliform bacteria: After the minimum proper incu-
bation period, examine tubes or containers for the appropriate
color change (Table 9223:1). ONPG is hydrolyzed by the bacte-
rial enzyme to yield a yellow color. CPRG is hydrolyzed by the
bacterial enzyme to yield a red or magenta color. If the color
response is not uniform throughout the tube, mix by inversion
before reading. Read manufacturer’s instructions for interpreta-
tion guidelines. Some manufacturers suggest comparing sample
tubes against a color comparator available through the manufac-
turer. Samples are negative for total coliforms if no color is
observed in ONPG tests or if the tube is yellow when CPRG is
used. If a chromogenic response is questionable after 18 or 24 h
for ONPG, incubate up to an additional 4 h. If response is
negative after 28 h for CPRG, incubate up to an additional 20 h.
If the chromogen intensifies, the sample is total-coliform posi-
tive; if it does not, the sample is negative.

b. Escherichia coli: Examine positive total coliform tubes or
containers for fluorescence using a long-wavelength (366-nm)
ultraviolet lamp (preferably 6-W bulb). Compare each tube
against the reference comparator available from a commercial
gsource of the substrate. The presence of fluorescence is a positive
test for E, coli. If fluorescence is questionable, incubate for an
additional 4 h for ONPG tests and up to an additional 20 h for
CPRG (ests; intensified fluorescence is a positive test result.
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4. Reporting

If performing an MPN procedure, calculate the MPN value for
total coliforms and E. coli from the number of positive tubes as
described in Section 9221C. If using the presence-absence pro-
cedure, report results as total coliform and E. coli present or
absent in 100-mL sample.

5. Quality Control

Test each lot of media purchased for performance by inocu-
lation with three control bacteria: Escherichia coli, a total coli-
form other than E. coli (e.g., Enterobacter cloacae), and a
noncoliform. Also add a sterile water control. If the sterile water
control exhibits faint fluorescence or faint positive coliform
result, discard and use a new batch of substrate. Avoid using a
heavy inoculum. If Pseudomonas is used as the representative
noncoliform, select a nonfluorescent species. Incubate these con-
trols at 35 = 0.5°C as indicated above. Read and record results.
Other guality-control guidelines are included in Section 9020.
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9224 DETECTION OF COLIPHAGES*

9224 A.

1. General Discussion

Coliphages are bacterial viruses that infect and replicate in
Escherichia coli. They are shed in human and animal feces.
Although coliphages are not known to be hazardous to human
beings, they are potentially important microorganisms for mon-
itoring the microbial quality of water and wastewaters,’

The detection of coliphages has been of increasing interest
since it has become clear that bacterial monitoring of waters and
wastewaters may not adequately indicate the presence of viruses
in those waters.” The presence of pathogenic human viruses in
waters is a public health concern. Waterborne outbreaks of viral
illnesses such as gastroenteritis and hepatitis A occur in the
United States and elsewhere.** Detection of human enteric vi-
ruses in water and wastewaters, however, is beyond the capabil-
ities of most water laboratories. Such detection traditionally has
required the use of cell culture techniques.” These technigues are
expensive, require skilled personnel, and have been both time-
and labor-intensive. Coliphage assays, on the other hand, are
relatively inexpensive, are easier to perform with trained person-
nel, and yield overnight results. Coliphage assays have been
proposed as an alternative to human virus assays as an indicator
of the viral quality of waters.®”

Recent progress has been made in the development of specific
coliphage methods for evaluating waters and wastewaters. Much
of this work has focused on the detection of the group of
coliphages known as the male-specific RNA coliphages (also
referred to as the F-specific RNA coliphages or FRNA coli-
phages).® These coliphages are 20 to 30 nm in size, contain a
single-stranded RNA genome, and have an isometric morphol-
ogy. They exclusively infect bacterial cells that possess an F
pilus, an appendage used for bacterial conjugation. Their signif-
icance lies in the fact that these coliphages are structurally
similar to many human RNA viruses found in fecally contami-

* Approved by Standard Methods Committee, 1999.
Joint Task Group: Fred P. Williams. Jr. and Ronald E. Stetler (co-chairs). Samuel
R. Farrah, Pierre Payment, Mark D. Sobsey, William A. Yanko,

Introduction

nated waters. In particular, they resemble viruses of the picor-
navirus and calicivirus families, which include poliovirus; cox-
sackievirus; Norwalk and other small, round, structured viruses;
hepatitis A virus; and hepatitis E virus. The human viruses
cannot replicate in the environment. Similarly, the male-specific
RNA coliphages have only limited replication in the environ-
ment at temperatures below 30°C.° Male-specific RNA coli-
phages also resemble many human enteric viruses in being
relatively resistant to disinfection treatment practices, Because of
these characteristics, male-specific RNA coliphages are promis-
ing candidate indicators of human viruses in environmental
waters.

In the procedures presented here, methods have been included
for the detection of the male-specific RNA coliphages using host
E. coli Famp and for the detection of somatic coliphages using E.
coli C.'° Somatic coliphages, unlike the male-specific coli-
phages, are coliphages that do not require the presence of an F
pilus to infect host cells. They represent a broad assortment of
coliphage types and have often been included in environmental
studies. Also presented here is a procedure that uses an alternate
host bacterium, Salmonella typhimurium WG49. That host has
been used by many laboratories to detect male-specific RNA
coliphages and it previously has been used in one standard
method protocol.'! Although a double-agar-layer plague assay
has been specified in these procedures, a single-agar-layer
method also is presented and can be used as an alternate plaque
assay. A membrane filter method is presented for assaying
100-mL (and larger) sample volumes.
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9224 B. Somatic Coliphages Assay

1. General Discussion

This plaque assay procedure for detecting somatic coli-
phages is a variant of the widely used double-agar-layer
methed:' it is based on the somatic coliphage assay procedure
developed for regulatory purposes.>® The procedure can be
used, without supplementary methods, to assay small volumes
of water and wastewater samples directly. In conjunction with
large-scale concentration methods used to detect enteric vi-
ruses (Section 9510), the procedure also can be used to assay
samples of much larger volume (>100 L). However, the use
of electronegative filters at pH 3.5 is not recommended,
because substantial loss of coliphage viability may occur. It is
advisable to predetermine the suitability of any large-volume
method in measured coliphage recovery trials. This plaque
assay procedure uses E. coli C, one of the most effective host
bacteria for detecting somatic coliphages.” Plaques produced
with this host are readily distinguished, making plaque quan-
tification relatively simple. The major advantage in detecting
somatic coliphages is that they frequently are found in waters
and wastewaters in greater abundance than the male-specific
RNA coliphages. This can be an important consideration,
especially for the assay of waters where pollution indices are
expected to be low. The somatic coliphage group, however, is
composed of different phage types (including both tailed and
non-tailed phages) that exhibit widely varied characteristics.
Somatic coliphages can replicate in the environment if a
suitable host is present. Because of these factors, the somatic
coliphage group may be less representative of human entero-
viruses than the more uniform RNA phages of the male-
specific coliphage group. The somatic coliphage group thus
may not be the best group to serve as a specific indicator for
human viruses in waters and wastewaters. However, the de-
tection of somatic phages using E. coli C may be useful as a
general indicator of water quality.”

2. Apparatus

a. Cryovials, 2-mL.
b. Erlenmeyer flasks, 125- and 250-mL, and 2-L.
¢. Graduated eylinders, 100- and 500-mlL..

d. Inoculating loop.

e. Laboratory balance.

[f. Pipets, 1-, 5-, and 10-mL.

g. Petri dishes, 100- X 15-mm.

h. Filters, 0.22-pm. When passing material containing phage,
always pass about 10 mL 1.5% beef extract through filter just
before use to minimize phage adsorption to filter. Use pre-
sterilized filters or sterilize filters before use by autoclaving at
121°C for 15 min. At the time of use, use sterile technique to
place filters into sterile sample filtration apparatus.

i. Test tubes, 16- X 150-mm, screw-capped and with closures.

J- Water bath set at 44.5 £ 1°C.

3. Media and Reagents

Adjust amount of media prepared proportionally to the num-
ber of samples. Use reageni-grade water (see Table 9020:1I) in
preparing media and reagents.

a. Beef extract, 1.5%: Dissolve 1.5 g beef extract powder and
0.375 g glycine (final glycine concentration = 0.05M) in 90 mL
water. Adjust pH to 7.0 to 7.5, if necessary, and bring final
volume to 100 mL with water. Autoclave at 121°C for 15 min
and use at room temperature. Store at 4°C.

b. Glycerol solution, 50%: Add equal volumes of water and
undiluted glycerol. Autoclave at 121°C for 15 min. Store at
4°C.

c. Tryptone agar slants:

i 5 0100) 1 IR R e e A R g B S s B Lo B
Yeast extrabt o R AR S I L B L A (010 B2
Glueose ! 20 L Gas O i Rl B 01 g
2 s o T0 TiRal 1T W s 0 - (SR HER RIS o W o 08 g
CaGls Sl i e B I S e llnns aadan 0.022 g
At N aaliaedn Soneels b ot L o Has i 12 g
Reagent-Fradeiwater cnfot s aenusii i i 100 mL

With gentle mixing, add ingredients to water in a 250-mL
flask. Dissolve and sterilize by autoclaving at 121°C for 20 min
and dispense 8-mL portions into 16- X 150-mm test tubes with
tube closures. Prepare slants by letting agar solidify with the
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tubes held at about a 207 angle. Slants may be stored at 4°C for
up to 3 months.

d. Trvpione bottom agar: Prepare before sample analysis,
using ingredients and concentrations listed for tryptone agar
slants, but use 1.5 g agar. After autoclaving, pipet |5-mL por-
tions aseptically into sterile 100- % 15-mm petri dishes and let
agar harden. Store dishes in sleeve bags at 4°C for up to 2 weeks
and warm to room temperature for 1 h before use.

e. Tryptone hroth: Prepare as for tryptone agar slants, exclud-
ing agar. Autoclave at 121°C for 20 min, and allow to cool
hefore use. Broth may be stored at 4°C for up to 3 months in
sterile, capped containers,

L Tryptone dilution tubes: Aseptically. dispense 9-mlL. por-
tions of sterile tryptone broth into 16- X 150-mm screw-capped
test tubes presterilized by autoclaving at 121°C for 15 min.

g Tryptone top agar: Use ingredients and concentrations
listed for tryptone agar slants, but use 0.7 g agar. Autoclave and
place in the 44.5 £1°C water bath. Agar may be stored at 4°C for
up to 3 months in sterile, capped containers. Melt solidified agar
before use.

4. Procedure

a. Storage of E. coli C hest culture: For short-term storage
inoculate an Escherichia coli C* host culture onto tryptone agar
slants with a sterile inoculating loop by spreading the inoculum
evenly over entire slant surface. Incubate the culture overnight at
36.5 = 2°C. Store at 4°C for up to 2 weeks. For long-term
storage inoculate a 5- to 10-mL tube of tryptone broth with host
culture. Incubate overnight at 36.5 * 2°C. Add 1/5th volume of
50% glycerol solution. Dispense into |-mL portions in 2-mL
cryovials and store at —70°C, or lower.

b. Preparation of host: Inoculate 5 mL tryptone broth with £
coli C from a slant with an inoculating loop and incubate for 16 h
at 36.5 = 2°C. Transfer 1.5 mL of the 16-h culture to 30 mL
tryptone broth in a 125-mL flask and incubate for 4 h at 36.5 =+
2°C with gentle shaking. The amount of inoculum and broth
used can be altered proportionally according to need.

c. Preparation of coliphage ©X 174 positive control: Rehy-
drate a stock culture of somatic coliphage ®X 1747 and store at
4°C. Prepare a 30-mL culture of E. coli C as described above.
Incubate for 2 h at 36.5 = 2°C with shaking. Add 1 mL
rehydrated phage stock and incubate for an additional 4 h at 36.5
=+ 2°C. Filter through a beef-extract-treated 0.22-um filter (see
42h). Prepare 107, 10" %, and 10~ dilutions of the filtrate using
tryptone dilution tubes. These dilutions should be sufficient for
most ®X 174 stocks. Some stocks may require higher or lower
dilutions. Add 3 mL melted tryptone top agar held in the 44.5 +
1°C water bath to fifteen 16- X 150-mm test tubes. Keep these
test tubes in heated water bath to avoid premature solidifying of
agar. Add 0.1 mL. hosi culture to each test tube. Add 1 mL 1077
dilution to each of five test tubes. Add 1 mL 10" dilution to five
additional tubes and 1 mL 107 dilution to the remaining five
tubes. Label tubes with appropriate dilution. For each tube. mix
and immediately pour contents over bottom agar of a petri dish
labeled with the dilution assayed. Rotate dish to spread suspen-

* American Type Culture Collection Product No. 13706,
T American Type Culture Collection Product No. 13706-B1,
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sion evenly and place it on a level surface to let agar solidify.
Incubate at 36.5 * 2°C overnight and examine for plagues the
following day. Count number of plaques on each dish. To
determine the titer of the stock filirate, use the dilution with
dishes exhibiting 20 to 100 plaques. Average the plaque counts
on these five dishes and multiply result by the reciprocal of the
dilution to obtain that titer. For use as a positive control in the
coliphage assay, dilute stock filtrate to 30 to 80 PKU/mL in
tryptone broth. Store original filtrate and diluted positive control
preparation at 4°C. Before using the positive control preparation
for the first time, assay 10 mL by adding 1-mL volumes of the
preparation to ten test tubes containing agar and host culture and
pouring their contents into ten petri dishes. Count plaques on all
dishes and divide by 10. If result is not 30 to 80, adjust dilution
of the positive control sample and re-assay.

d. Assay procedure: Add 3 mL melted tryptone top agar held
at44.5 * 1°C w each of ten 16- X 150-mm test tubes for sample
assay and to each of two additional test tubes to serve as negative
and positive controls. Hold test tubes in water bath to avoid
premature solidifying of agar. Add 0.1 mL of hest culture to each
of the 12 test tubes. Add | mL tryptone broth to test tube serving
as negative control. Add 1 mL ®X174 preparation (30 to 80
PFU/mL) to test tube serving as positive control. To each of the
remaining 10 tubes, add 1 mL sample. For each tube, mix and
immediately pour contents over bottom agar of a petri dish that
has been suitably labeled. Tilt and rotate dish o spread suspen-
sion evenly and place it on a level surface to let agar solidify.
Incubate at 36.5 £ 1°C overnight and examine for plaques the
following day. Count total number of plaques on the ten dishes
receiving the sample. Calculate the somatic coliphage concen-
tration according to the formula:

cC, = (P + 10) X D

where:

C, = somatic coliphage concentration, PFU/mL,
P = total number of plaques from the 10 dishes, and
D = reciprocal of dilution made on the inoculum before plating

(D =1 for undiluted samples).

If the sample dishes are completely lysed or yield plaques that
are too numerous to count, dilute sample and assay again. In the
calculation for diluted samples, D will be greater than 1 (e.g., D
= 10, for a sample diluted 1:10 or D = 100, for a sample diluted
1:100).

If the sample assayed is the product of a concentration proce-
dure, such as an eluate from a large-volume filter sampling of
water or wastewater, calculate coliphage concentration of the
sampled water according to the formula:

Co XV,

. =
] V_l;

C;, = somatic coliphage concentration of sampled waler,
PFU/mL,

€, = coliphage concentration of concentrated material, PFU/mL,

volume of that material, mL, and

V,, = volume of water processed in sampling procedure, L.

o
Il
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The resultant concentration generally is reported as PFU/L or
PFU/100 L. If the sample dishes are completely lysed or yield
plaques that are too numerous to count, dilute sample and assay
again. Count plaques on the positive control dish. Maintain a
record of the plague count as a check on the virus sensitivity of
the E. eoli C host. Assay any water eluate samples again where
the positive control counts are more than one log below their
normal average. Should plaques be detected on the negative
control dish, discard assay results and repeat assay.
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9224 C. Male-Specific Coliphage Assay Using Escherichia coli Famp

1. General Discussion

Like the somatic coliphage assay, this male-specific assay
is a variant of the double-agar-layer method' and is based on
procedures developed for regulatory purposes.” Similarly, this
male-specific assay can be used, without supplementary meth-
ods, to assay small volumes of water and wastewater samples
directly. In conjunction with large-scale concentration meth-
ods used to detect enteric viruses (Section 9510), the proce-
dure also can be used to assay larger-volume samples (>100
L). However, the use of electronegative filters at pH 3.5 is not
recommended because substantial loss of coliphage viability
may occur. Determine the suitability of any large-volume
method in measured coliphage recovery trials, before using it.
This procedure uses E. coli Famp as the host bacterium.® This
strain is resistant to ampicillin and streptomycin antibiotics. It
is one of two bacterial strains that have been developed to
selectively detect male-specific coliphages. For a procedure
using the other bacterial strain, Salmonella typhimurium
WG49, see Section 9224D. It has not been universally estab-
lished that one strain performs better than the other. Individ-
ual laboratories may evaluate both strains before selecting one
for routine use. Male-specific plagques can be difficult to
recognize in comparison to somatic plaques. They are gener-
ally less well-defined than somatic plaques. Use diligence
when examining dishes for male-specific plaques. As male-
specific DNA coliphages and some somatic coliphages also
can produce plaques on host E. coli Famp, preferably confirm
that plaques quantified by the assay are caused by RNA
phages. An RNase procedure that permits differential quan-
tification of the RNA coliphages also is presented below. The
advantage in detecting male-specific RNA coliphages is that
these coliphages more closely resemble human enteroviruses
than do the varied phage types of the somatic group. These
male-specific RNA coliphages appear to be useful as a model
for human viruses.*> As an indicator of the presence of
human viruses in waters and wastewaters, their role remains
to be fully established.

2. Apparatus
See 9224B.2.
3. Media and Reagents

Adjust amount of media prepared proportionally to the num-
ber of samples. Use reagent-grade water (see Table 9020:1II) in
making media and reagents.

a. Ampicillin solution: Dissolve 0.15 g ampicillin in 100 mL
water and filter with the 0.22-pm filter (beef extract pretreatment
not necessary). Store at 4°C.

b. Beef extract, 1.5%: See 9224B.3a.

¢. Glyeerol solution, 50%: See 9224B.3b.

d. Ribonuclease (RNase) solution: Dissolve 100 mg RNase
containing 50 to 100 Kunitz units/mg in 100 mL water by
heating to 100°C for 10 min. Store at —20°C in (.5-mL portions.

e. Streptomycin solution: Dissolve 1.5 g streptomycin sulfate
in 100 mL water and filter-sterilize with 0.45-um filter (beef
extract pretreatment not necessary). Store at 4°C.

[ Tryptone agar slants: Mix ingredients, dissolve, and sterilize
as directed in 9224B.3c¢. Let autoclaved agar equilibrate in water
bath set at 44.5 = 1°C, then add 1.0 mL filtered ampicillin
solution and 1.0 mL filtered streptomycin solution, Dispense
portions, prepare, and store as directed in 9224B.3¢.

g. Tryptone bottom agar: See 9224B.3d. After autoclaving, let
agar equilibrate in water bath set at 44.5 = 1° C, and then add 1.0
mL filtered ampicillin solution and 1.0 mL filtered streptomycin
solution/100-mL volume of warm agar. Dispense portions and
store as directed in 9224B.3d.

h. Tryptone broth: Use ingredients listed in 9224B 3¢, exclud-
ing agar. Sterilize by autoclaving at 121°C for 20 min. Cool and
add 1.0 mL filtered ampicillin solution and 1.0 mL filtered
streptomycin solution/100 mL broth. Store at 4°C. Use for
growth medium. Store as directed in 9224B 3c.

i. Tryptone dilution tubes: See 9224B.3f.

J. Tryptone top agar: Use ingredients listed in 9224B 3¢, but
use ().7 g agar. After autoclaving, let agar equilibrate in a 44.5 =
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[°C water hath, then add 1.0 mL filtered ampicillin solution and
1.0 mL filtered streptomycin selution / 100 mL volume of warm
agar. Store as divected in 9224B 3g.

4. Procedure

a. Storage of E. coli Famp host culture: Follow procedures of
92248 .4a, using Escherichia coli Famp.®* For this strain. use
media containing ampicillin and streptomycin as described
above.

b. Preparation of host: Follow procedures of 9224B.4b. Place
on ice until used for assay to prevent loss of F pili (use within
3 h).

¢. Preparation of coliphage MS2 positive control: Rehydrate a
stock culture of male-specific RNA coliphage MS2T and store at
4°C. Prepare a 30-mL culture of E. coli Famp as described in
9224B.46. Incubate and proceed as directed in 9224B 4¢, using
the MS2 and E. coli Famp.

d. Assay procedure: Proceed as in 9224B.4d, using MS2 as
positive control. Caleulate C, as directed. If the sample dishes
are completely lysed or yield plaques that are too numerous to
count, dilute sample and assay again.

1f the sample assayed is the product of a concentration proce-
dure, calculate €, as directed in 9224B .4d.

e. Assay procedure with additional confirmation: Proceed as
in 9224B 4d. using MS2 as positive control, but assay an addi-
tional 10 mL of sample. For the additional 10 mL of sample. add
RNase solution (o the melted tryptone top agar to a concentration
of 40 pg/mL. Before pouring tube contents to petri dishes, label
dishes so that the 10 dishes containing RNase are readily distin-

* American Type Culture Collection Product No. 700891,
+ American Type Culture Collection Product No. 15597-B1.
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guished from the 10 dishes without RNase. Calculate the male-
specific RNA coliphage concentration (C,,) in PEU/mL aceord-
ing to the formula:

c, = [(P+ 10)

€

= (L RNase = lU)] A D

where:
€, = male-specific RNA coliphage concentration. PEU/mL.
P = total number of plaques from the 10 dishes without RNase,
P nuse = total number of plagues from the 10 dishes with RNase,
and
D = reciprocal of the dilution made on the inoculum before
plating.

If the sample assayed is the product of a concentration proge-
dure. calculate coliphage concentration as previously described
inYy d.
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9224 D. Male-Specific Coliphage Assay Using Salmonella typhimurium WG49

1. General Discussion

This male-specific assay uses Salmonella typhimurium WG49
as host bacterium. It is a variant of the double-agar-layer meth-
od' and has been adapted from several published procedures.**
The assay can be used with large-scale concentration methods
(see 9224C.1). The use of §. ryphimurium WG49 in this assay
effectively eliminates plaque production by somatic coliphages.
This is an advantage over the E. coli Famp-based assay. How-
ever, somatic salmonella phages do form plaques with S. fyphi-
murim WG49 and these somatic salmonella phages also may be
present in waters under investigation. Because it has not been
established that either S. typhimurium WG49 or E. coli Famp is
universally superior as host bacterium for the male-specific
phages, individual laboratories may find it useful to evaluate
both assays before making a selection. With either assay, take
care in examining dishes for male-specific plaques and confirm
that the plaques detected are indeed caused by RNA coliphages

and not other phages. An RNase procedure for this purpose is
presented below. Also presented below is a treatment to neutral-
ize the somatic salmonella phage content of samples before
assay. This treatment may be necessary if assay interference by
somatic salmonella phages is encountered.* ® Such interference
may be expected because somatic salmonella phages do outnum-
ber male-specific phages in some waters.” The advantage of the
S. typhimurium WG49-based assay, as with the E. coli Famp-
based assay, is that the targeted male-specific RNA phages
possess a similarity to human enteroviruses not found with the
somatic coliphage group. Assay of these male-specific phages
can be useful in evaluating water and wastewater treatment
processes but as a specific indicator of the presence of human
viruses, their role remains to be clearly established.

2. Apparatus

See 9224B.2.
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3. Media and Reagents

Adjust amount of media prepared proportionally to the num-
ber of samples. Use reagent-grade water (see Table 9020:11) in
preparing media and reagents.

a. Beef extract: See 9224B .3a.

b. Glycerol solutions, 50%: See 9224 B.3b.

¢. Kanamyein solution: Dissolve 1 g kanamycin monosulfate
in 100 mL water and filter with the 0.22-um filter (beef extract
pretreatment not necessary). Store at 4°C.

d. Lipopolysaccharide solution (LPS): Prepare stock solution
of phenol-extracted S. typhimurium LPS* by dissolving the
lyophilized LPS in sterile phosphate-buffered saline to yield an
LPS concentration of 2 mg/mL. Store at 4°C.

e. Nalidixic acid solution: Dissolve 1 g nalidixic acid in 100
mL water and filter with the 0.22-pm filter (beef extract pre-
treatment not necessary). Store at 4°C.

. Phosphate-buffered saline: Dissolve 0.8 g NaCl, 20 mg KCl,
12 mg KH,PO,, and 91 mg Na,HPO, in 100 mL water. Sterilize
by autoclaving at 121°C for 15 min.

g. Ribonuclease (RNase) solution: See 9224C.3d.

h. Tryptone agar slants: Mix ingredients, dissolve, and filter as
directed in 9224B.3c. Let autoclaved agar equilibrate in water
bath at 44.5 = 1°C, then add 1 mL filtered nalidixic acid solution
and 0.2 mL filtered kanamycin solution. Dispense portions and
store as directed in 9224B 3c.

i. Tryptone bottom agar: See 9224 B.3d. Afterautoclaving, let
agar equilibrate in water bath at 44.5 &= 1°C, then add 1 mL
filtered nalidixic acid solution and 0.2 mL filtered kanamycin
solution/100 mL volume of warm agar. Dispense portions and
store as directed in 9224B.3d.

J. Tryptone broth: Use ingredients listed in 9224B.3¢, exclud-
ing agar. Sterilize by autoclaving at 121°C for 20 min. Cool and
add 1 mL filtered nalidixic acid solution and 0.2 mL filtered
kanamycin solution/100 mL broth. Use for growth medium.
Store as directed in 9224B.3c.

k. Tryprone dilution tubes: See 9224B.3f.

I. Tryptone top agar: Use ingredients listed in 9224B.3¢, but
use 0.7 g agar. After autoclaving let agar equilibrate in a 44.5 =
1°C water bath, then add 1 mL filtered nalidixic acid solution and
0.2 mL filtered kanamycin solution/100 mL volume of warm
agar. Store as directed in 9224B.3g.

4. Procedure

a. Storage of S. typhimurium WG49 host culture: Follow
procedures of 9224B.4a. using §. typhimurium WG497T host
culture. S. typhimurium WG49 is resistant to nalidixic acid and
kanamycin. Accordingly, use media containing nalidixic acid
and kanamycin as described above.

* Sigma Chemical Co., St. Louis, MO, itern #L6511, or equivalent.
T American Type Culture Collection Product No. 700730,
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b. Preparation of host: Follow. procedures of 9224B.4b, Place
on ice until used in assay to prevent loss of F pili (use within
3 h).

¢. Prepararion of coliphage MS2 positive control: Rehydrate a
stock culture of male-specific RNA coliphage MS2# and store at
4°C. Prepare a 30-mL culture of S. typhimurium WG49 as in
9224B.4b. Incubate and proceed as directed in 9224B 4e, using
the MS2 and S. typhimurivm WG49.

d. Assay procedure: Proceed as in 9224B.4d, using MS2 as
positive control. Calculate C, as directed. If the sample dishes
are completely lysed or yield plaques that are too numerous to
count, dilute sample and assay again.

If the sample assayed is the product of a concentration proce-
dure, calculate C,, as directed in 9224B.4d.

e. Assay procedure with additional confirmation: See
9224C 4e.

. Sample treatment procedure to reduce somatic salmonella
phages: Results of the confirmation procedure may reveal assay
interference by somatic salmonella phages present in some water
or wastewater samples. To neutralize these somatic salmonella
phages before assay, add enough LPS stock solution to the
sample to produce a final LPS concentration of 20 pg/mL. Mix
thoroughly and hold at ambient temperature for 15 to 30 min.
Then assay as described above.
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9224 E. Single-Agar-Layer Method

1. General Discussion

This method can be used as an alternative to the double-agar-
layer procedures described above, It uses a single-agar-layer
format and larger petri dishes. The method enables more sample
material to be agsayed per dish and can be used to directly assay
100-mL volumes of water and wastewater." Although originally
described for use with £. coli C. the procedure is suitable for use
with E, coli Famp and §. typhimurium WG49 host bacteria. The
general procedure is described below. For specific details relat-
ing 10 each of the three bacterial hosts, refer to Sections 9224B,
C, and D.

2. Apparatus

See 9224B.2, Use 150- > 15-mm petri dishes for sample
4884y,

3. Media and Reagents

The amount of media prepared may be increased proportion-
ally to the number of samples to be analyzed. Use reagent-grade
water (see Table 9020:1I) in preparing media and reagents.

For all host cultures:

a. Beef extract: See 9224B .3a.

b. Caleium chloride solution: Add 22 g CaCl, to 50 mL water
and sterilize by autoclaving at 121°C for 15 min. Use at room
temperature.

c. Glycerol selution, 50%: See 9224B.3h.

d. Tryptone agar slants: See 9224B.3c.

e. Tryptone agar:

TEVDEOME xsmns oo mcotis 760 R B SR 20 g
Yeastaktraet coovmmmmssrs snsmnammsiams 02 ¢
GIUCOSE e 02 g
NGl ocarvemmmmammaremsssnssams ronms sesmames wmsms 16 g
CEEL;  mwommia s o e Y S S S T 0022 g
AAT e 1.2 g
Reagent-grade Waler ...........ocooovireoiinineiiiiiiinn 100 mL

Sterilize by autoclaving at 121°C for 20 min. Place in the 44.5
+1°C water bath.

J. Tryptone broth: See 9224B.3d, excluding the agar.

g. Tryprone dilution tubes: See 9224B.3f.

For E. coli Famp host only:
h. Ampicillin solution: See 9224C 3a.
i. Streptomycin solution: See 9224C 3e.

For S. tvphimurium WG49 host only:

J. Kanamycin solution: See 9224D. 3¢,

k. Lipopolysaccharide solution (LPS): See 9224D.3d.
l. Nalidixic acid solution: See 9224D.3e.

For E. coli Famp and S. typhimurium WG49 hosts:
m. Ribonuclease (RNase) solution: See 9224C.3d.

" 4, Procedure

a. Storage of host cultures: Follow procedures of 9224B .44,
using appropriate host culture.

b. Preparation of host: Follow procedures of 9224B.4b.

¢. Preparation of coliphage positive controls: Rehydrate a
stock culture of appropriate positive control and proceed as
directed in 9224B.4¢.

d. Sample filtration (somatic coliphage assay, only): The bac-
teria present in samples for analysis can interfere with the plaque
assay. To eliminate such interference, filter sample before assay.
Use sterile 0.22-pm filter unit. To minimize phage adsorption to
the filter. pass about 10 mL 1.5% beef extract through filter
before passing sample through filter. NoTE: As an altcrnative o
sample filtration, use E. coli strain CN-13* in place of E. coli C
in the somatic coliphage assay. E. cofi CN-13 is a nalidixic-acid-
resistant variant of E. coli C: using it permits the addition of
nalidixic acid to the assay media (see Section 9224D) to hinder
growth of indigenous bacteria. E. coli CN-13 appears equivalent
o E. eoli C in somatic coliphage detection.”

e. Assay procedure: Place 100 mL sample in the 44.5 + 1°C
water bath for 3 min. Add 5 mL CaCl, solution and 5 mL
appropriate host bacterium preparation to the warmed sample.
Mix inoculated sample with 100 mL melted tryptone agar at 44.5
*+ 1°C and distribute to eight 150- X 15-mm petri dishes. For a
positive control, mix 1 mL of appropriate positive control prep-
aration (30 to 80 PFU/mL) and 1 mL host bacterium with 12.5
mL warmed agar that has been diluted with an equal volume of
warm sterile water. Pour to a single 150- X 15-mm petri dish.
Repeat for a negative control but omit the 1 mL of phage
preparation. Incubate the inoculated dishes at 36.5 £ 2°C over-
night and examine for plaques the following day. Count total
number of plaques on the eight dishes that received the sample;
total is coliphage concentration/100 mL sample. However, when
assaying for male-specific RNA coliphages using E. coli Famp
and 8. typhimurium WG49, this count could include some so-
matic and male-specific DNA coliphages or some somatic sal-
monella phages present in the sample. For appropriate proce-
dures to address the presence of undesired phage, see {[s 4f and
2, below.

[ Assay procedure with additional confirmation (male-specific
assays only): Assay an additional 100-mL sample portion as
described above, but add RNase solution to the melted tryptone
agar. For the additional material, the melted tryptone agar should
contain RNase at a concentration of 60 pg/mL (before sample is
added). Appropriately label dishes so that the eight dishes con-
taining RNase are readily distinguished from the eight dishes
without RNase. Calculate the male-specific coliphage concentra-
tion according to the formula:

g = P PRNnxe'

e

where:

., = male-specific coliphage concentration, PFU/100 mL.,
P = total number of plaques from dishes without RNase, and
Prnase = total number of plagues from dishes with RINase.

g. Sample treatment procedure to reduce somatic salmonella
phages (WG49 host assay only): To neutralize these somatic

* American Type Culture Collection Product No. 700609.
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salmonella phages before assay, add enough LPS stock solution
to sample to produce a final LPS concentration of 20 pg/mL.
(NoTE: Add LPS after adding CaCl, to sample and before adding
WG49 host.) Mix thoroughly and hold at ambient temperature
for 15 to 30 min. Then add WG49 host and assay as described
above.

5. References
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9224 F. Membrane Filter Method

1. General Discussion

This method uses a filter-adsorption technique to recover
coliphages from water samples. With this method, 100-mL and
larger volume samples can be assayed effectively by a simple
procedure in which the sample is first passed through a mem-
brane filter. Coliphages present in the sample are adsorbed onto
the filter and the phage-adsorbed filter is then directly plaque
assayed."” The advantage of this method is that, unlike Methods
B through E, it does not require multiple assay dishes for each
sample. A single assay dish is utilized for each phage-adsorbed
filter. This significantly reduces the time and materials required.
The disadvantage is that extraneous material, which can interfere
with subsequent plaque assay, can accumulate on filters as water
is passed through them. The amount of accumulation depends on
the quality of the water being sampled and increases in propor-
tion to the sample volume. Keep sample volumes as small as
possible to prevent observable accumulation of discoloring ma-
terial on the filter. However, with poor-quality waters, rapid
accumulation may be observed with even small sample volumes.
With such waters, use larger-diameter filters to increase sample
volume. In the procedure below, the use of 47-mm membrane
filters is described. but 90-mm membrane filters may be used if
sample volumes prove inadequate with the smaller filters. Al-
though originally described for use with S. typhimurium WG49,
the procedure is suitable for use with E. coli C, and E. coli Famp
host bacteria. The general procedure is described below. For
specific details relating to each of the three bacterial hosts, refer
to the preceding sections (Section 9224B, 9224C, and 9224D).
Although a membrane-filter method is presented here, other
approaches also may prove effective for the assay of 100-nmL and
larger volume samples. Methods such as the most probable
number method could be adapted to larger volumes,” and such
non-filter-based methods probably would be less susceptible to
poor water quality. Consider their use if water conditions are
encountered that make the membrane filter method impractical.

2. Apparatus

See 9224B.2a through fand h through j, and in addition:
a. Petri dishes, 60 X 15 mm.

b. Sample vacuum filtration apparatus, including a 47-mm
membrane filter holder and filtrate receiving vessel. Sterilize
apparatus before use by autoclaving at 121°C for 15 min.

¢. Sample membrane filters, 0.45-um pore size with a 47-mm
diam and a cellulose nitrate and acetate composition. Sterilize
filters before use by autoclaving at 121°C for 15 min (or use
pre-sterilized filters). At the time of use, use sterile technique to
place sterile filter into sterile sample filtration apparatus.

3. Media and Reagents

The amount of media prepared may be increased proportion-
ally to the number of samples to be analyzed. Use reagent-grade
water (see Table 9020:II) in preparing media and reagents.

For all host cultures:

a. Beef extract: See 9224B.3a.

b. Magnesium chloride solution, 2M: Dissolve 19.04 g MgCl,
in 100 mL water and sterilize by autoclaving at 121°C for 15
min. Use at room temperature.

¢. Glycerol solution, 50%: See 9224B.3b.

d. Phosphate-buffered saline: Dissolye 0.8 g NaCl, 20 mg
KCl, 12 mg KH,PO,, and 91 mg Na,HPO, in 100 mL water.
Sterilize by autoclaving at 121°C for 15 min.

e. Tetrazolium violet solution: Add 3 g tetrazolium violet to
100 mL water and filter-sterilize with 0.45-um filter. Use | mL
tetrazolium violet solution/100 mL agar.

[ Tryptone agar slants: See 9224B 3c.

g Tryprone agar: Use ingredients and concentrations listed
for tryptone broth, and add 0.9 g agar and 15 mg MgS0,/100
mL of broth. Sterilize by autoclaving at 121°C for 15 min.
Place autoclaved agar in the 44.5 = 1°C water bath. After
agar has cooled, add 1 mL polysorbate solution and 1 mL
tetrazolium violet solution/100 mL agar. Then add 2 mL of
appropriate host bacterium preparation per 100 mL agar.
Dispense agar by pipet in 5-mL portions to sterile 60- X
I5-mm petri dishes and let agar harden. If plates are to be
used the following day, store at 4°C overnight and warm to
room temperature for 1 h before use.

h. Tryptone broth: See 9224 B.3e.

i. Tryptone dilution tubes: See 9224B 3f.
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I Polysorbare solurion: Add 30 ¢ polysorbate* to 100 mL
water and filter with 0.22-pm filter. Use 1 mL/100 mL agar.

For E. eoli Famp host only:
k. Ampicillin solution: See 9224C 3a.
L. Streptomycin solution: See 9224C 3e.

For 8. typhimurium host only:

m. Kanamycin solution: See 9224D 3¢,

n. Lipopolysaccharide solution (LPS): See 9224D.3d.
o. Nalidixic acid solution: See 9224D.3e.

For E. coli Famp and S. typhimurium WG49 hosts:
p. Ribonuclease (RNase) solution: See 9224C . 3d.

4. Procedure

a. Storage of host cultures: Follow procedures of 9224B 4a,
using appropriate host culture.

b. Preparation of host: Follow procedures of 9224B.4b.

c. Preparation of coliphage positive controls: Rehydrate a
stock culture of appropriate positive control and proceed as
directed in 9224B.4¢.

d. Assay procedure: For each 100 mL sample, use a single
petri dish assay. After dishes have been prepared, add 2.5 mL
MgClL, solution to sample to yield a final concentration of 0.05M.
Pass magnesium-chloride-supplemented sample through sterile
sample filter at a rate sufficient to clear entire 102.5 mL within
| to 3 min. Using sterile technique, remove filter from sample
filter apparatus. Taking care to prevent formation of bubbles,
apply filter. face down, onto surface of one of the pre-poured
agar petri dishes. Incubate at 36.5 £ 2°C overnight and examine
for plaques the following day. Count total number of plaques.
That total is the coliphage concentration/100 mL sample. How-

“ Tween 80 or equivalent,
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ever, in assays for the male-specific RNA coliphages using £.
coli Famp and §. typhimurium WGA9, this count could include
some somatic and male-specific DNA coliphages or some s0-
matic salmonella phages present in the sample. For appropriate
procedures to address the presence of undesired phage sce 4¢ and
4f, below.

e. Assay procedure with additional confirmation (male spe-
cific coliphage assay only): Assay an additional 100-mL sample
portion. Proceed as described above, but add RNase solution 0
the melted tryptone agar to give a concentration of RNase of 40
pg/mL. Label assay dish containing RNase so that it is readily
distinguished from the corresponding assay dish without RNase.
After overnight incubation at 36.5 + 2°C. determine male-
specific RNA coliphage concentration/100 mL sample by sub-
tracting total number of plagues counted on the RNase-contain-
ing dish from total number counted on the dish without RNase,

. Sample treatment procedure to reduce somatic salmonella
phages (WG49 host assay only): To neutralize somatic salmo-
nella phages before assay. treat sample filters with an LPS
solution made in PBS that contains 50 mM CaCl, and has an LPS
concentration of 20 pg/ml. After passing 100 mL sample
through filter, pass 5 mL of LPS solution through filter, Handle
LPS-treated filter as described in the above assay procedure with
untreated filters.
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9225 DIFFERENTIATION OF THE COLIFORM BACTERIA*

9225 A.

[dentification of bacteria that constitute the coliform group
sometimes is necessary in water analysis. It is of particular
importance in reference to distinguishing the presence of
Escherichia coli. Special procedures for detection of E. coli
are given in Sections 9221F, 9222G, and 9223, Differential
tests for identification must be used with the knowledge that
all strains taxonomically assigned to the coliform group do
not conform necessarily to the coliform definition stated in
this manual because they may not ferment lactose. or if they

* Approved by Standard Methods Committee. 2000.
Joint Task Group: 20th Edition—Eugene W. Rice (chair). JTames A. Clark. Terry
C. Covert, Stephen C. Edberg, Nancy H. Hall, Carol A. Ziel.

Introduction

do, they may not produce gas. Furthermore, gram-negative
bacteria other than coliforms ferment lactose and produce
sheen (e.g., Aeromonas spp.) and not all strains of a species
will react uniformly in media. Unusual strains (such as £.
coli, inactive, Table 9225:1), mutants, and injured organisms
may not give classical responses. The traditional “IMViC”
tests (i.e., indole. methyl red, Voges-Proskauer, and citrate
utilization) are useful for coliform differentiation, but do not
provide complete identification. Additional biochemical tests
often are necessary. Commercial kits for identification are
available and may serve as economical alternatives to tradi-
tional differential media. Automated systems of identifying
large numbers of isolates also are available.
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The significance of various coliform organisms in water has
been and is a subject of considerable study. Collectively, the
coliforms are referred to as indicator organisms. The genera
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Enterobacter, Klebsiella, Citrobacter, and Escherichia usually
are represented in the majority of isolations made from raw and
treated municipal water supplies.

9225 B. Culture Purification

1. Procedure

A pure culture is essential for accurate identification. Ob-
tain a pure culture by carcfully picking a well-isolated colony
that gives typical responses on an appropriate solid medium
or membrane filter, and streaking on a tryptic soy or nutrient
agar plate. Better distribution of colonies in the subculture is
obtained if a portion of the picked colony is emulsified in
peptone broth or physiological saline (0.85% w/v) and then
streaked. When picking a colony from a primary culture on a
selective medium, be aware that viable cells, which have not
formed colonies themselves, may surround the picked colony.
Incubate the subculture at 35 £ 0.5°C for 24 h and test a
single well-isolated colony by the Gram stain to confirm the
sole presence of gram-negative, non-spore-forming rods (Sec-
tion 9221B). Also determine that the culture is oxidase-
negative (Section 9225D). Oxidase-positive, gram-negative,
non-spore-forming rods are not coliform bacteria, but may be
organisms such as Aeromonas, which is not regarded as an
indicator of fecal pollution.

Variation in organisms of the coliform group ocecurs occasion-
ally and mixed reactions in differential media may indicate a
pure culture undergoing variation. Persistent variations of reac-

9225, C.

1. Definition

Coliforms are defined here as facultative anaerobic, gram-nega-
tive non-spore-forming rods that ferment lactose with gas formation
within 48 h at 35°C or, as applied to the membrane filter method,
produce a dark red colony with a metallic sheen within 24 h on an
Endo-type medium containing lactose. However, anaerogenic (non-
gas-producing) lactose-fermenting strains of Escherichia coli and
coliforms that do not produce metallic sheen on Endo medium may
be encountered. These organisms, as well as typical coliforms, can
be considered indicator organisms, but they are excluded from the
current definition of coliforms. More extensive testing may be
required for proper identification.

2. Characteristics and Tests

Coliforms belong to the bacterial taxonomic family Enter-
obacteriaceae. Table 9225:1 provides data on some of the

tions in differential media indicate a mixed culture caused by
inadequate purification.
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Identification

biochemical reactions used for differentiating these organ-
isms.

Preparing differential media and reagents may not be as
economical for many laboratories as using commercially
prepared and prepackaged multiple-test kits, which reduce
quality-control work. These commercial kits are simple to
store and use, and give reproducible and generally accurate
results. Periodically test reactions with known stock cultures
of bacteria to assure accuracy and reproducibility of
results. Make further tests if the kit provides equivocal results.

3. Bibliography

Krieg, N.R., ed. 1984. Bergey's Manual of Systematic Bacteriology,
Vol. I. Williams & Wilkins Co., Baltimore. Md.

Epwarps, P.R. & W.H. Ewing. 1986. Identification of Enterobacteri-
aceae, 4th ed. Burgess Publ. Co., Minneapolis. Minn,



MICROBIOLOGICAL EXAMINATION (9000)

9-84
Tasie 9225:1. Biocuemicar Reacrions oF KEY SPECIES OF THE FAMILY ENTEROBACTERIACEAE™
Percentage [solates Positive in 1 to 2 Dayst
o o=
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Species o L “ O
Citrobacter diversus 35 06 99 100 0 99 99 0 99 99 95 [}
Citrobacter freundii 50 95 5 100 0 95 20 0 08 55 95 0
Enterobacter aerogenes u5 100 0 5 98 95 98 98 100 100 97 (
Enterobacter agglomerans 40 90 20 50 70 50 0 0 30 55 85 5
Enterobacter cloacae 93 99 0 5 100 100 96 0 95 99 95 0
Escherichia coli 95 a5 98 99 0 | 63 90 94 2 95 0
Escherichia coli, inactive 25 45 80 95 0 1 20 40 75 2 5 0
Escherichia fergusonii 0 83 98 100 0 17 100 95 0 96 93 0
Escherichia hermannii 45 98 99 100 0 I 100 6 0 97 99 0R
Escherichia vulneris 15 100 0 100 0 0 0 85 1 100 100 50
Hafnia alvet 5 90 0 40 85 10 98 100 0 15 85 0
Klebsiella oxvioca 100 100 99 20 95 05 0 99 99 100 0 1
Klebsiella vzaenae 30 80 0 98 0 30 3 40 65 92 0 0
Klebsiella pneumoniae 98 99 0 10 98 98 0 98 99 98 0 0
Klebsiella rhinoscleromatis 0 0 0 100 0 0 0 0 100 100 0 0
Serratia fonticola 97 100 0 100 9 91 97 100 100 6 91 0
Serratia marcescens 2 95 | 20 98 98 99 99 99 5 97 4]

*Modified after Farmer. I.J. LI, 1985. Clinical identification of new species and biogroups of Enterobacteriaceae. /. Clin. Microbiol. 21:46,

TReactions that become positive after 2 d are not considered.

9225 D. Media, Reagents, and Procedures

Commercially available media and reagents can reduce work
and cost; however, include negative and positive controls with
known stock cultures to assure accuracy and reliability. Detailed
methods are available. Expected test results are shown in Table
0225:1.

1. Lactose, Sorbitol, and Cellobiose Fermentation Tests

Suspend 16 g phenol red broth base and 5 g of the desired
carbohydrate in | L reagent-grade water and stir to dissolve
completely. Dispense in tubes to a depth of one-third tube length.
To determine gas production place a small inverted vial (Durham
tube) in the tubes of media at the time of preparation. Close tubes
and sterilize at 121°C for 15 min. Store tubes in the dark
(refrigeration preferred) and discard if evaporation exceeds 10%
of the volume.

To conduct a test, inoculate with a loopful of growth from a
well-isolated colony or slant and incubate for 24 to 48 h at 35 +
0.5°C. Carbohydrate fermentation (acid production) is indicated
by a decrease in pH, resulting in a change in color of the pH
indicator, phenol red. from red-orange to yellow (pH <6.6).
Alternatively, for lactose fermentation, lauryl tryptose broth
(Section 9221B) may be used.

2. ONPG Hydrolysis

Numerous commercial test kits and disks for determining
ONPG hydrolysis are available, or an ONPG-containing me-
dium (Section 9222) can be used. Alternatively, prepare pep-
tone water by dissolving | g peptone and 0.5 g NaCl in 100
mL reagent-grade water. Sterilize at 121°C for 15 min. Also
prepare ONPG solution by dissolving 0.6 g o-nitrophenyl-3-
D-galactopyranoside (ONPG) in 100 mL 0.01M Na,HPO,,
sterilize by filtration, and store in the dark at 4 to 10°C. To
prepare ONPG broth, aseptically combine 25 mL ONPG
solution and 75 mL peptone water, dispense aseptically in
2.5-mL amounts in sterile 13- X 100-mm tubes, and store in
the dark for up to 1 month at 4 to 10°C. Do not use the ONPG
solution if it becomes yellow.

To conduct the test, inoculate 0.5 mL ONPG broth with a
heavy loopful of growth from a slant and incubate at 35 + (0.5°C
for up to 24 h. A yellow color, compared with an uninoculated
tube or (preferably) a tube inoculated with an ONPG-negative
culture, is a positive test. Interpret tests of yellow-pigmented
organisms with caution. Do not use the enzyme substrate method
(Section 9223) to test ONPG hydrolysis.
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3. Indole Test

Indole is a product of the metabolism of tryptophane.

a. Reagents:

1) Medium: Use tryptophane broth. Dissolve 10.0 g tryptone
or trypticase/L reagent-grade water. Dispense in 5-mL portions
in test tubes and sterilize.

2) Test reagent: Dissolve 5 g p-dimethylaminobenzaldehyde
in 75 mL isoamy! (or normal amyl) alcohol, ACS grade, and add
25 mL cone¢ HCI. The reagent should be yellow. Some brands of
p-dimethylaminobenzaldehyde are not satisfactory and some
good brands become unsatisfactory on aging.

The amy! alcohol solution should have a pH value of less than
6.0. Purchase both amyl alcohol and benzaldehyde in as small
amounts as will be consistent with the volume of work to be
done.

b. Procedure: Inoculate 5-mL portions of medium from a pure
culture and incubate at 35 & 0.5°C for 24 = 2 h. Add 0.2 t0 0.3
mL test reagent and gently shake. Let stand for about 10 min and
observe results.

A dark red color in the amyl alcohol surface layer constitutes
a positive indole test: the original color of the reagent, a negative
test. An orange color probably indicates the presence of skatole,
a breakdown product of indole.

4. Methyl Red Test

The methyl red test measures the ability of organisms to
produce stable acid end products from glucose fermentation.

a. Reagents:

1) Medium: Use buffered glucose broth. Dissolve 7.0 g pro-
teose peptone or equivalent peptone, 5.0 g glucose, and 5.0 g
dipotassium hydrogen phosphate (K,HPO,) in 1 L reagent-grade
water. Dispense in 5-mL portions in test tubes and sterilize by
autoclaving at 121°C for 12 to 15 min, making sure that total
time of exposure to heat is not longer than 30 min.

2) Indicator solution: Dissolve 0.1 g methyl red in 300 mL
95% ethyl alcohol and dilute to 500 mL with reagent-grade
water.

b. Procedure: Inoculate 10-mL portions of medium from a
pure culture. Incubate at 35 * 0.5°C for 5 d. To 5 mL of the
culture add 5 drops methyl red indicator solution.

Incubation for 48 h is adequate for most cultures, but do not
incubate for less than 48 h. If test results are equivocal at 48 h
repeat with cultures incubated for 4 or 5 d. In such cases incubate
duplicate cultures at 22 to 25°C. Testing of culture portions at 2,
3. 4, and 5 d may provide positive results sooner.

Record a distinet red color as methyl-red-positive and a dis-
tinct yellow color as methyl-red-negative. Record a mixed shade
as questionable and possibly indicative of incomplete culture
purification.

5. Voges-Proskauer Test

The Voges-Proskauer test measures the ability of organisms to
produce @ neutral end product (acetoin) from glucose fermenta-
tion.

a. Reagenis:

1) Medium: See | 4al) above.
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2) Naphthol solution: Dissolve 5 g purified a-naphthol (melt-
ing point 92.5°C or higher) in 100 mL absolute ethyl alcohol.
When stored at 5 to 10°C, this solution is stable for 2 weeks.

3) Potassium hydroxide, TN: Dissolve 40 ¢ KOH in 100 mL
reagent-grade water.

b. Procedure: Inoculate 5 mL medium and incubate for 48 h
at 35 £ 0.5°C. To I mL of culture add 0.6 mL naphthol solution
and 0.2 mL KOH solution. Shake well after the addition of each
reagent. Development of a pink to crimson color at the surface
within 5 min constitutes a positive test. Do not read after 10 min.
Disregard tubes developing a copper color.

6. Simmons’ Citrate Test

The citrate test measures the ability of bacteria to utilize citrate
as the sole source of carbon.

a. Medium: Use Simmons’ citrate agar, To make Simmons’
citrate agar, add 0.2 g MgSO,-7H,0, 1.0 g ammonium dihydro-
gen phosphate (NH,H,PO,), 1.0 g K,HPO,, 2.0 g sodium citrate
dihydrate, 5.0 g NaCl, 15.0 g agar, and 0.08 g bromthymol blue
to 1 L reagent-grade water. Tube for long slants.

b. Procedure: Inoculate agar medium by the streak technique
using a light inoculum.

Incubate 48 h at 35 = 0.5°C. Record growth on the medium
with a blue color as a positive reaction; record absence of growth
or color change as negative.

7. Motility Test

The motility test measures whether an organism is motile in a
semi-solid medium.

a. Medium: Use motility test medium made by adding 3.0 g
beef extract, 10.0 g peptone. 5.0 g NaCl, and 4.0 g agarto 1 LL
reagent-grade water. Adjust pH to 7.4, dispense in 3-mL portions
in 13- X 100-mm tubes or 8-mL portions in 16- X 125-mm
tubes, and sterilize.

b. Procedure: Inoculate by stabbing into the center of the
medium, using an inoculating needle, to a depth of 5 mm.
Incubate for 1 to 2 d at 35°C. If negative, incubate an additional
5 d at 22 to 25°C.

Diffuse growth through the medium from the point of inocu-
lation is positive. In a negative test, growth is visible only along
the stab line and the surrounding medium stays clear. Alterna-
tively, prepare the medium without agar and examine a young
culture using the hanging drop slide technique for motile organ-
isms.

8. Lysine and Ornithine Decarboxylase Tests

This procedure tests the ability of bacteria to metabolize the
amino acids lysine and ornithine.

a. Reagents:

1) Media: Use a basal medium made according to the Moeller
or Falkow methods. For the Moeller method, dissolve 5.0 g
peptone (Orthana special, thiotone, or equivalent), 5.0 ¢ beef
extract, 0.625 mL bromcresol purple (1.6%), 2.5 mL cresol red
(0.2%). 0.5 g glucose, and 5.0 mg pyridoxal in 1 L reagent-grade
water and adjust to pH 6.0 to 6.5, For the Falkow method,
dissolve 5.0 g peptone, 3.0 g yeast extract, 1.0 g glucose, and 1.0
mL bromcresol purple (1.6%) in 1 L reagent-grade water and
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adjust to pH 6.7 to 6.8. For either decarboxylase test divide into
three portions: make no addition to the first portion, add enough
L-lysine dihydrochloride to the second portion to make a 1%
solution, and add r-ornithine dihydrochloride to the third to
make 1% (Tor the Falkow method, add only 0.5% of the L-amino
acid). After adding ornithine readjust pH of the medium to 6.0 =
0.2. Dispense in 3- to 4-mL portions in screw-capped test tubes and
sterilize by autoclaving at 121°C for 10 min. A floccular precipitate
in the ornithine medium does not interfere with its use.

2) Mineral oil: Use mineral oil sterilized by autoclaving at
121°C for 30 to 60 min depending on the size of the container.

b. Procedure: Lightly inoculate each of the three media, add a
layer of about 10 mm thickness of mineral oil, and incubate at
37°C for up to 4 d. Examine tubes daily. A color change from
yellow to violet or reddish-violet constitutes a positive decar-
boxylase test; a change to bluish gray indicates a weak positive;
no color change or a yellow color represents a negative test. See
Table 9225:1.

9. Oxidase Test

The oxidase test determines the presence of oxidase enzymes.
Coliform bacteria are oxidase-negative.

a. Reagents:

1) Media: Use either nutrient agar or tryptic soy agar plates to
streak cultures and produce isolated colonies. From these obtain
the inoculum for oxidase testing on impregnated filter paper. Do
not use any medium that includes a carbohydrate in its formu-
lation. Use only tryptic soy agar if reagent is dropped on colo-
nies.

Tryptic soy agar:

06Ty, o O U S S 150 ¢g
SOMIBNE o< A s S e TR s AT s 50¢g
Sodium chloride, NaCl............ccoceueviiiniiiianninnn. 50g
BB« v 0280 R B PS5 L 150¢g
Reagent-grade water. ..o coiiibeisieioibesiniiibas i 1LOL

pH should be 7.3 = 0.2 after sterilization.

MICROBIOLOGICAL EXAMINATION (3000)

2) Tetramethyl p-phenylenediamine dihydrochloride, 1%
aqueous solution, freshly prepared or refrigerated for no longer
than 1 week. Impregnate a filter paper strip* with this solution.
Alternatively, prepare a 1% solution of dimethyl p-phenylene-
diamine hydrochloride. Single-use reagent ampules, commer-
cially available, are convenient and economical, but use them
with caution. When the reagent is to be dropped directly on
colonies, use tryptic soy agar plates because nutrient agar plates
give inconsistent results; when smearing a portion of a picked
colony on reagent-impregnated filter paper, do not transfer any
medium with the culture material.

b. Procedure: Remove some of a colony from agar plate with
a platinum wire, a wooden or plastic applicator stick, or a glass
rod and smear on the test strip. Do not use iron or other reactive
wire because it will cause false positive reactions, A dark purple
color that develops within 10 s is a positive oxidase test. Test
positive and negative cultures concurrently. If the liquid reagent
is used, drop it on colonies on the culture plate. Oxidase-positive
colonies develop a pink color that successively becomes maroon,
dark red, and finally, black.

10. Yellow Pigment

Observe isolated colonies on nutrient agar slants and plates or
plates of tryptic soy agar incubated at 35 = 0.5°C for up to 48 h.
Pigmentation often intensifies as time of incubation proceeds.
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9230 FECAL STREPTOCOCCUS AND ENTEROCOCCUS GROUPS*

9230 A.

Thig section is currently undergoing substantial revision; con-
sensus on proposed changes could not be reached in time for this
publication. The methods below are reprinted from the 20th
Edition of Standard Methods.

1. Fecal Streptococcus Group

The fecal streptococcus group consists of a number of species
of the genus Strepiococous, such as S. faecalis, S. faecium, .

* Approved by Standard Methods Committee, 1993,

Introduction

avium, S. bovis, S. equinus, and S. gallinarum. They all give a
positive reaction with Lancefield’s Group D antisera' and have
been isolated from the feces of warm-blooded animals. In addi-
tion, S. avium sometimes reacts with Lancefield’s Group Q
antisera. S. faecalis subsp. liguefaciens and S. faecalis subsp.
zymogenes are differentiated based on the ability of these strains
to liquefy gelatin and hemolyze red cells. However, the validity
of these subspecies is questionable.”?

The normal habitat of fecal streptococci is the gastrointestinal
tract of warm-blooded animals. §. faecalis and S, faecium once
were thought to be more human-specific than other Streptococ-
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cus species. Other species have been observed in human feces
but less frequemly."’ Similarly, §. bovis, S. equinus, and §. avium
are not exclusive to animals, although they usually occur at
higher densities in animal feces.® Certain streptococcal species
predominate in some animal species and not in others, but it is
not possible to differentiate the source of fecal contamination
based on speciation of fecal streptococeci.

The fecal streptococei have been used with fecal coliforms to
differentiate human fecal contamination from that of other
warm-blooded animals. Editions of Standard Methods previous
to the 17th suggested that the ratio of fecal coliforms (FC) to
fecal streptococci (FS) could provide information about the
source of contamination. A ratio greater than four was consid-
ered indicative of human fecal contamination, whereas a ratio of
less than 0.7 was suggestive of contamination by nonhuman
sources. The value of this ratio has been questioned because of
variable survival rates of fecal streptococcus group species. S.
bovis and S. equinus die off rapidly. once exposed to aqguatic
environments, whereas S. faecalis and S. faecium tend to survive
longer.® Furthermore, disinfection of wastewaters appears to
have a significant effect on the ratio of these indicators, which
may result in misleading conclusions regarding the source of
contaminants.” The ratio is affected also by the methods for
enumerating fecal streptococei. The KF membrane filter proce-
dure has a false-positive rate ranging from 10 to 90% in marine
and fresh waters.® '® For these reasons, the FC/FS ratio cannot
be recommended, and should not be used as a means of differ-
entiating human and animal sources of pollution.

2. Enterococcus Group

The enterococcus group is a subgroup of the fecal streptococci
that includes S. faecalis, S. faecium, S. gallinarum, and S. avium.
The enterococci are differentiated from other streptococci by
their ability to grow in 6.5% sodium chloride, at pH 9.6, and at
10°C and 45°C.

The enterococei portion of the fecal streptococcus group is a
valuable bacterial indicator for determining the extent of fecal
contamination of recreational surface waters. Studies at marine
and fresh water bathing beaches indicated that swimming-
associated gastroenteritis is related directly to the quality of the
bathing water and that enterococci are the most efficient bacterial
indicator of water quality.'"'* Water quality guidelines based on
enterococcal density have been proposed for recreational wa-
ters.'” For recreational fresh waters the guideline is 33 entero-
cocei/100 mL while for marine waters it is 35/100 mL. Each
guideline is based on the geometric mean of at least five samples
per 30-d period during the swimming season.

3. Selection of Method

The multiple-tube technique is applicable primarily to raw and
chlorinated wastewater and sediments, and can be used for fresh
and marine waters. The membrane filter technique also may be
used for fresh and saline water samples, but is unsuitable for
highly turbid waters.
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9230 B. Multiple-Tube Technique

1. Materials and Culture Media

a. Azide dextrose broth.!

BECE CRIIAEE o onninswesis oo BN W e s T Femahms 45 g
Tryptone or polypeptone ...........cc.oveeeeeereerirerennnnns 150 g
Glucose ..ottt 75
Sodinm Chlonide, NACL ..cvvimmuvainmisim s svaisrsnsres 75 g
SOHIT A28 AN ettt e b 02 g
Redgent oraderwator 5ol e o I b L. =L
pH should be 7.2 + 0.2 at 25°C after sterilization.

b. Pfizer selective enterococcus (PSE) agar:”

PEPISHG I sonsmsunmemadiesssiomonsvan d s sy s sss 17.0 g
Peptone!B: isicisnas v iaisotiissn i somihst nvtinasmstnrasmmnass 30 g
YCAST @XIIACT +evvvvrnenesvus it e e e e sie e eieaesasaans 50 g
Bacteriolapioal bile: «.oiiauswmpnemuissrananss v 100 g
Sodium chloride, NaCl ..iiviiiiviimimniernrmes 30 g
SOdIUM CHIALE ...ovoiisiiie e 1.0 g
BRI oot St S ot s s 2o St 1.0 g
Berfit aimmontam/SIrate’ .20 oo raes i it iate s rs 05 g
Sodium azide, NaNy ..oiviviiiiiiiiieieieeceanns 025¢
ABAT e S T B s L it 150 g
Reagétitigrade Wale .. a0 b il ai L

pH should be 7.1 = 0.2 after sterilization. Hold medium for
not more than 4 h at 45 to 50°C before plates are poured.

2. Presumptive Test Procedure

Inoculate a series of tubes of azide dextrose broth with appro-
priate: graduated quantities of sample. Use sample of 10 mL
portions or less. Use double-strength broth for 10-mL inocula.
The portions used will vary in size and number with the sample

character. Use only decimal multiples of 1 mL (see Section 0221
for suggested sample sizes).

Incubate inoculated tubes at 35 + 0.5°C. Examine each tube
for turbidity at the end of 24 * 2 h. If no definite turbidity i8
present, reincubate, and read again at the end of 48 + 3 h.

3. Confirmed Test Procedure

Subject all azide dextrose broth tubes showing turbidity after
24- or 48-h incubation to the confirmed test.

Streak a portion of growth from each positive azide dextrose
broth tube on PSE agar. Incubate the inverted dish at 35 = 0.5°C
for 24 = 2 h. Brownish-black colonies with brown halos confirm
the presence of fecal streptococci.

Brownish-black colonies with brown halos may be transferred
to a tube of brain-heart infusion broth containing 6.5% NaCl.
Growth in 6.5% NaCl broth and at 45°C indicates that the colony
belongs to the enterococcus group.

4. Computing and Recording of MPN

Estimate fecal streptococci densities from the number of tubes
in each dilution series that are positive on PSE agar. Similarly,
estimate enterococci densities from the number of tubes in each
dilution series containing streptococci that can grow in 6.5%
NaCl broth. Compute the combination of positives and record as
the most probable number (MPN). Refer to Section 9221C.
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9230 C. Membrane Filter Techniques

1. Laboratory Apparatus

See Section 9222B.1.

2. Materials and Culture Media

a. mE agar for enterococci:

PEPOLE soititisvinimintsssnr vomsmmenenmm s says sy s 100 g
Sodiumichlotide; NAC) o oimmumssirmsseraiammiss 150 g
YRast eXETA0E covavinisizsinsomsvisimmeam oo smsnsse samns e 300 g
Esculin ..o 1.0 g
Actidione (cycloheximide) ........coociiiiiiiiiiniiiinnnn 0.05g
Sodium azide, NaN3 ........oooviiiiiiiiiiiiiiaiiiaann, 0.15¢g
AT s e s e B T S W S SR s 150 g

Reagent-grade Water ..........ccoovvvrieviisrnereeiriinenn. L L

Heat to dissolve ingredients, sterilize, and cool in a water
bath at 44 to 46°C. Mix 0.25 g nalidixic acid in 5 mL
reagent-grade water, add a few drops of 0.1¥ NaOH to
dissolve the antibiotic, and add to the basal medium. Add
0.15 g 2,3,5-triphenyl tetrazolium chioride and mix well to
dissolve. Pour the agar into 9- X 50-mm petri dishes to a
depth of 4 to 5 mm (approximately 4 to 6 mL), and let
solidify. The final pH should be 7.1 = 0.2. Store poured plates
in the dark at 2 to 10°C. Discard after 30 d. (Note: This
medium is recommended for culturing enterococci in fresh
and marine recreational waters.)

b. EIA substrate:

ESCulin ....oooiiniiniiiii e 10 g
FREICTOIEAIE. wonmsai sosmemsmnma g M i s s s e s Samies 05 g
T AR SOOI oo s b M. s 150 g
ReEAZENt-Brade WateT .cuos v sovmnvssdaa il I L
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The pH should be 7.1 = 0.2 before autoclaving. Heat to
dissolve ingredients, sterilize, and cool in a water bath at 44 to
46°C. Pour medium into 50-mm petri dishes to a depth of 4 to 5
mm (approximately 4 to 6 mL) and let solidify. Store poured
plates in the dark at 2 to 10°C. Discard after 30 d.

c. m Enterococcus agar for fecal streptococci:*

dLggatiniic o A B ARE T SRR TR BURE s h s 200 g
Weastiextiactt ool et s ol s i s 50 g
BIuchse. 5 osse cinty avslis « Soikie v TR s R TR 2.0 g
Dipotassium phosphate, K;HPO, ..ovviiiniiiniiniiiinn 40 g
Bodiunn azide; INAN. cyawirirs i rssrns inssras e vt 04 g
2.3,5-Triphenyl tetrazolium chloride ........................ 0.1 g
7l Dt e U R e e T 10.0 g
REABEAI-EIade WARE 1 i s e nade s s sanainnes s sausai R 58

Heat to dissolve ingredients. Do not autoclave. Dispense into
0- % 50-mm petri plates to a depth of 4 to 5 mm (approximately
4 to 6 mL), and let solidify. Prepare fresh medium for each set
of samples. (Note: This medium is recommended for Group D
streptococei in fresh and marine waters.)

d. Brain-heart infusion broth:

Infision: 8f-Calf Bt v nmsmisvnsene ot 200 g
Infasion:of Beefheart is. . S it sttt s dap st e 250 7
ProteoseinepionC e sabb i@ b b st ointe sotes i e siie 10.0 g
BIR008E: o voen s liBadi s Aachrauadls o s o ow s s v iamassy 2.0.¢g
Spdinmuchlorite NG oo rrastes e PR G T e 50¢g
Disodium hydrogen phosphate, Na;HPO, oovvvininnnnnn 25 ¢
Reapent-grade WAtr ... ..pmaemmasis os s 66 s nmlsio e ) .

The pH should be 7.4 after sterilization.

e. Brain-heart infusion agar: Add 15.0 g agar to the ingredi-
ents for brain-heart infusion broth. The pH should be 7.4 after
sterilization. Tube for slants.

f. Bile esculin agar:®

Bealf @XMACE fini i dom i e orsis VA a5 e i v M hro s s ety 3
BODOHIS, 2555 7 R RE e 10 108 5 ST o T A b e s Al 5]
(OR300 ) (NN Sy et . W i . e 40.
3 DT e e S e L i s 1
EICIRIG EHTRIC, . 2 ornn we 6 s R R g 500 4500 3 i 5 e o il 0
1YL 2t ot S et ) s R e, B 15
REagontgrade WatBr . .| . i nehasrantsshnnssdasinsaines 1

e o9 05 o 09 02

Heat to dissolve ingredients. Dispense 8 to 10 mL into tubes
for slants or an appropriate volume into a flask for subsequent
pouring into plates. Autoclave at 121°C for 15 min. Do not
overheat because this may cause darkening of the medium. Cool
to 44 to 46°C and slant the tubes or dispense 15 mL into 15- X
100-mm petri dishes. The final pH should be 6.6 * 0.2 after
sterilization. Store at 4 to 10°C.

3. Procedures

a. mE Method:'

1) Selection of sample size and filtration—Filter appropriate
sample volumes through a 0.45-um, gridded, sterile membrane
o give 20 to 60 colonies on the membrane surface. Transfer filter
to agar medium in petri dish, avoiding air bubbles beneath the
membrane.

2) Incubation—Invert culture plates and incubate at 41°C *
0.5°C for 48 h.

3) Substrate test—After 48 h incubation, carefully transfer
filter to EIA medium. Incubate at 41°C % (0.5°C for 20 min.

4) Counting—Pink to red enterococci colonies develop a
black or reddish-brown precipitate on the underside of the filter.
Count colonies using a fluorescent lamp and a magnifying lens.

b. m Enterococcus method:*

1) Selection of sample size and filtration—See | 3a.

2) Incubation—Let plates stand for 30 min, then invert and
incubate at 35 * 0.5°C for 48 h.

3) Counting—Count all light and dark red colonies as entero-
cocei. Count colonies using a fluorescent lamp and a magnifying
lens.

4. Calculation of Fecal Streptococci or Enterococci Density

Compute density from sample quantities producing membrane
filter counts within the desired 20- to 60-fecal streptococcus or
enterococcus colony range. Calculate as in Section 9222B.6.
Record densities as fecal streptococci or enterococci per 100 mL.

5. Verification Tests

Pick selected typical colonies from a membrane and streak for
isolation onto the surface of a brain-heart infusion agar plate.
Incubate at 35°C = 0.5°C for 24 to 48 h.

Transfer a loopful of growth from a well-isolated colony on
brain-heart infusion agar into a brain-heart infusion broth tube
and to each of two clean glass slides. Incubate the brain-heart
infusion broth at 35 * 0.5°C for 24 h. Add a few drops of freshly
prepared 3% hydrogen peroxide to the smear on a slide. The
appearance of bubbles constitutes a positive catalase test and
indicates that the colony is not a member of the fecal strepto-
coccus group. If the catalase test is negative, i.e., no bubbles,
make a Gram stain of the second slide. Fecal streptococci and
enterococci are gram-positive, ovoid cells, 0.5 to 1.0 um in
diameter, mostly in pairs or short chains.

Transfer a loopful of growth from the brain-heart infusion
broth to each of the following media: bile esculin agar (incubate
at 35 = 0.5°C for 48 h); brain-heart infusion broth (incubate at
45 £ 0.5°C for 48 h); brain-heart infusion broth with 6.5% NaCl
(incubate at 35 = 0.5°C for 48 h).

Growth of catalase-negative, gram-positive cocci on bile es-
culin agar and at 45°C in brain-heart infusion broth verifies that
the colony is of the fecal streptococcus group. Growth at 45°C
and in 6.5% NaCl broth indicates that the colony belongs to the
enterococcus group.

6. Serological Verification of Group D Fecal Streptococci

An alternate verification test for Group D streptococci can be
performed using the precipitin method of Lancefield.® This test is
highly specific for S. faecalis, S. faecium, S. avium, S. gallina-
rum, S. bovis, and S. equinus.

a. Antigen preparation: Pick typical single colonies from the
membrane filter and streak for isolation on brain-heart infusion
agar or blood agar plates. Pick a well-isolated colony and inoc-
ulate into 30 to 50 mL of Todd-Hewitt broth.® Incubate at 35°C
for 24 h under aerobic conditions. Concentrate bacterial suspen-
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Tasre 9230:1. Serecren Kev Brocnemicar CHARACTERISTICS OF THE
STREPTOCOCCUS SPECIES WITHIN THE FECAL STREFTOCOCCUS AND
ExtErococcus Groups*

Fecal Swreptococcus Group
Enterococcus Group

2 E ;S @

o ed b= = 5 =

Test 1 o o T T

Catalase - — — — _
4% Bile + + + + o
Esculin® + + - + 4+ 4+
Growth at 45°C + + + + y= g
Growth in 6.5% NaCl + - + + - =
Growth at 10°C — + =2 + = o
Pyruvate utilization’ . - - -
Phosphatase activiryg o = e + = —
Arginine hydrolysis® 4 + - - -
L-Sorbose fermentation” = - 1. e wx  =
Lactose fermentation® + + s + + +
n-Acetyl-p-glucoseaminidase - = — ES A

acti){ity"

Starch - - = = I
Arabinose® = & 4 -

# 4+ = 00% or more of strains are positive
— = 90% or more of strains are negative
! = reactions variable

sion by centrifuging (3000 X g for 5 min). Draw supernatant off
and resuspend cells in 0.5 mL saline solution. Autoclave resus-
pended cells for 15 min at 121°C. Centrifuge the bacteria and
decant clear supernatant fluid containing the group antigen.

b. Capillary precipitin test: Antisera for this test may be
obtained from commercial sources.

Dip a 1.2- to 1.5-mm-OD capillary tube into antiserum and
draw up about | cm of serum. Place a finger over upper end of
tube s0 that no air will be drawn up and carefully wipe off excess
antiserum. Dip tube into streptococcal antigen extract solution
and draw up an equal volume of antigen. Carefully wipe off
excess extract. Place a finger over upper end of tube and force
lower end into plasticine to plug lower opening. Invert tube and
place it in plasticine groove of a capillary holding rack.

A positive test for Group D antigen is characterized by a white
precipitate that appears at the antigen-antiserum interface within

MICROBIOLOGIGAL EXAMINATION (9000)

15 min and usually by 5 min. If no reaction has occurred by 30
min, the test is negative. Examination of the tubes is more
effective if they are read in a bright light against a dark back-
ground.

Serological verification of Group D streptococei also can be
done using commercially available agglutination tests.® The
slide agglutination tests are simple and appear to be reliable,
Group D streptococci are verified directly from isolated colonies
on membrane filter plates or from broth culture tubes. To verify
presumptive enterococci cultures. test also for salt tolerance
(growth in 6.5% NaCl broth).

7. ldentification of Individual Species within Fecal
Streptococcus and Enterococcus Groups

Table 9230:1 shows some of the key biochemical reactions for
identifying fecal streptococci, enterococci, and species within
these two groups.
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